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Derivative Differences and Document References

Derivative Differences

(Table 0-1) and (Table 0-2) show the availahility of peripheral modules on the various derivatives. For
details about the compatibility within the MC9S12D-Family refer also to engineering bulletin EB386.

Table 0-1 Derivative Differences?
MC9S12DT128E3 | MC9S12DG128E3 | MC9S12DJ128E3
MC9S12DT128 | MC9S12DG128 MC9S12DJ128
Modules SC515849% SC5158474 SC5158484 MC9S12A128
SC101161DT® SC101161DG® SC101161DJ°
SC102205° SC1022036 SC1022048
# of CANs 3 2 2 0
CAN4 0 0 0 0
CAN1 0 0 0 0
CANO 0 0 0 0
J1850/BDLC 0 0 0 0
Inc 0 0 0 0
Byteflight O O O O
Package 112 LQFP 112 LQFP/80 QFP? | 112 LQFP/80 QFP2 | 112 LQFP/80 QFP?
Package Code PV PV/FU PV/FU PV/FU
1L40K3, 3L40K, | 1L40K3, 3L40K, 1L40K3, 3L40K,
Mask set OL94R, 4L40K*, | OL94R, 4L40K?%, OL94R, 4L40K*, 3L40K, OL94R,
1L59W°, 5L40K5, | 1L59W°, 5L40K®, | 1L59W?°, 5L40KSE, 2L94R, 1L59W
2L94R 2L94R 2L94R
Temp Options M,V,C M,V,C M,V, C C
AEC qualified Yes Yes Yes No
Notes An errata exists_ An errata exists_ An errata exists_ An errata exists_,
contact Sales Office | contact Sales Office | contact Sales Office | contact Sales Office

Table 0-2 Derivative Differences for MC9S12DB1281

MC9S12DB128 | MC9S12DB128
Modules SC5158464 SC5158464
SC102202° SC102202°
# of CANs 2 0
CAN4 0 0
CAN1 O 0
CANO 0 0
J1850/BDLC O 0
IIC 0 0
Byteflight O O
Package 112 LQFP 80 QFP?

Freescale Semiconductor
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NOTE:
1. [: Available for this device, O: Not available for this device.

2.

(o206 B SN OV)

MC9S12DB128 | MC9S12DB128
Modules SC5158464 SC5158464
SC102202° SC1022028
Package Code PVIPVE FU

3L40K, OL94R,

3L40K, OL94R,

Mask set 4L40K?*, 5L40KS, | 4L40K*, 5L40K®,
2L94R 2L94R
Temp Options M, V, C/IM, V M,V,C
AEC qualified Yes Yes
Notes An errata exists An errata exists

contact Sales Office

contact Sales Office

80 Pin bond-out for MC9S12DG128E, MC9S12DG128, MC9S12DJ128E, MC9S12DJ128, MC9S12A128, SC515847,

SC515848, SC101161DG, SC101161DJ, SC102203, and SC102204 is the same; MC9S12DB128, SC515846, and
SC102202 have a different bond-out.
. Part numbers MC9S12DT128E, MC9S12DG128E, and MC9S12DJ128E are associated with the mask set 1L40K.
. Part numbers SC515846, SC515847, SC515848, and SC515849 are associated with the mask set 4L40K.
. Part numbers SC101161DT, SC101161DG, SC101161DJ are associated with the mask set 1L59W.
. Part numbers SC102202, SC102203, SC102204, and SC102205 are associated with the mask set 5L40K which is not for

volume production.

The following figure provides an ordering number example for the MC9S12D128 devices.
M29S12 DJ128 C FU

.

Package Option
Temperature Option
» Device Title

» Controller Family

Temperature Options

C = -40°
V = -40°
M= -40°

Cto 85 C
Cto 105°C
Cto 125°C

Package Options

FU =
PV =

80QFP
112LQFP

PVE = | ead-free 112LQFP

Figure 0-1 Order Parthumber Example

The following items should be considered when using a derivative.

* Registers

— Do not write or read CANO registers (after reset: address range $0140 - $017F), if using a
derivative without CANO (see (Table 0-1) and (Table 0-2)).

— Do not write or read CAN1 registers (after reset: address range $0180 - $01BF), if using a
derivative without CAN1 (see (Table 0-1) and (Table 0-2)).

— Do not write or read CAN4 registers (after reset: address range $0280 - $02BF), if using a
derivative without CAN4 (see (Table 0-1) and (Table 0-2)).

— Do not write or read BDLC registers (after reset: address range $00E8 - $00EF), if using a
derivative without BDLC (see (Table 0-1) and (Table 0-2)).

— Do not write or read 11 C registers (after reset: address range $00EO - $00E7), if using a
derivative without I1C (see (Table 0-1) and (Table 0-2)).

20
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Do not write or read Byteflight registers (after reset: address range $0300 - $035F), if using a
derivative without Byteflight registers (see (Table 0-1) and (Table 0-2)).

* Interrupts

Fill the four CANO interrupt vectors ($FFBO - $FFB7) according to your coding policies for
unused interrupts, if using a derivative without CANO (see (Table 0-1) and (Table 0-2)).

Fill the four CANL1 interrupt vectors ($FFA8 - $FFAF) according to your coding policies for
unused interrupts, if using a derivative without CAN1 (see (Table 0-1) and (Table 0-2)).

Fill the four CAN4 interrupt vectors ($FF90 - $FF97) according to your coding policies for
unused interrupts, if using a derivative without CAN4 (see (Table 0-1) and (Table 0-2)).

Fill the BDLC interrupt vector ($FFC2, $FFC3) according to your coding policies for unused
interrupts, if using a derivative without BDLC (see (Table 0-1) and (Table 0-2)).

Fill the I1C interrupt vector ($FFCO, $FFC1) according to your coding policies for unused
interrupts, if using a derivative without 11C (see (Table 0-1) and (Table 0-2)).

Fill the four Byteflight interrupt vectors ($FFAQ - $FFA7) according to your coding policiesfor
unused interrupts, if using a derivative without Byteflight (see (Table 0-1) and (Table 0-2)).

e Ports

The CANO pin functionality (TXCANO, RXCANQO) is not available on port PJ7, PJ6, PM5,
PM4, PM3, PM2, PM1 and PMQO, if using a derivative without CANO (see (Table 0-1) and
(Table 0-2)).

The CANL1 pin functionality (TXCAN1, RXCANL) is not available on port PM3 and PM2, if
using a derivative without CAN1 (see (Table 0-1) and (Table 0-2)).

The CAN4 pin functionality (TXCAN4, RXCAN4) is not available on port PJ7, PJ6, PM7,
PM6, PM5 and PM4, if using a derivative without CAN4 (see (Table 0-1) and (Table 0-2)).

The BDLC pin functionality (TXB, RXB) is not available on port PM1 and PMO, if using a
derivative without BDLC (see (Table 0-1) and (Table 0-2)).

ThellIC pin functionality (SCL, SCA) is not available on port PJ7 and PJ6, if using aderivative
without 11C (see (Table 0-1) and (Table 0-2)).

The Byteflight pin functionality (BF_PSLM, BF_PERR, BF_PROK, BF_PSYN, TX_BF,
RX_BF) isnot available on port PM7, PM6, PM5, PM4, PM3 and PM2, if using a derivative
without Byteflight (see (Table 0-1) and (Table 0-2)).

Do not write MODRR1 and MODRRO Bit of Module Routing Register (PIM_9DTB128 Block
User Guide), if using a derivative without CANO (see (Table 0-1) and (Table 0-2)).

Do not write MODRR3 and MODRR2 Bit of Module Routing Register (PIM_9DTB128 Block
User Guide), if using aderivative without CAN4 (see (Table 0-1) and (Table 0-2)).

* Pinsnot availablein 80 pin QFP package for MC9S12DG128E, MC9S12DG128,
MC9S12DJ128E, MC9S12DJ128, MC9S12A128, SC515847, SC515848, SC101161DG,
SC101161DJ, SC102203, and SC102204
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Port H

In order to avoid floating nodes the ports should be either configured as outputs by setting the
data direction register (DDRH at Base+$0262) to $FF, or enabling the pull resistors by writing
a $FF to the pull enable register (PERH at Base+$0264).

Port J[1:0]

Port Jpull-up resistors are enabled out of reset on all four pins(7:6 and 1:0). Therefore care must
be taken not to disable the pull enables on PJ[1:0] by clearing the bits PERJ1 and PERJO at
Base+$026C.

Port K
Port K pull-up resistors are enabled out of reset, i.e. Bit 7 = PUKE = 1 in the register PUCR at
Base+$000C. Therefore care must be taken not to clear this bit.

Port M[7:6]
PM7:6 must be configured as outputs or their pull resistors must be enabled to avoid floating
inputs.

Port P6
PP6 must be configured as output or its pull resistor must be enabled to avoid afloating input.

Port §7:4]

PS7:4 must be configured as outputs or their pull resistors must be enabled to avoid floating
inputs.

PAD[15:8] (ATD1 channels)

Out of reset the ATD1isdisabled preventing current flowsin the pins. Do not modify the ATD1
registers!

Pinsnot availablein 80 pin QFP package for MC9S12DB128, SC515846, and SC102202

Port H

In order to avoid floating nodes the ports should be either configured as outputs by setting the
datadirection register (DDRH at Base+$0262) to $FF, or enabling the pull resistors by writing
a $FF to the pull enable register (PERH at Base+$0264).

Port J[7:6, 1:0]

Port Jpull-up resistorsare enabled out of reset onall four pins(7:6 and 1.0). Therefore care must
be taken not to disable the pull enables on PJ[7:6, 1:0] by clearing the bits PERJ7, PERJG,
PERJ1 and PERJO at Base+$026C.

Port K
Port K pull-up resistors are enabled out of reset, i.e. Bit 7= PUKE = 1 in the register PUCR at
Base+$000C. Therefore care must be taken not to clear this bit.

Port M[1:0]
PM 1:0 must be configured as outputs or their pull resistors must be enabled to avoid floating
inputs.

Port P6
PP6 must be configured as output or its pull resistor must be enabled to avoid afloating input.
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— Port §3:2]

PS3:2 must be configured as outputs or their pull resistors must be enabled to avoid floating

inputs.
— PADI[15:8] (ATD1 channels)

Out of reset the ATD1 isdisabled preventing current flowsin the pins. Do not modify the ATD1

registers!

Document References

The Device User Guide provides information about the MC9S12DT128 device made up of standard

HCS12 blocks and the HCS12 processor core.

Thisdocument is part of the customer documentation. A complete set of device manuals also includes all
theindividual Block User Guides of theimplemented modules. In aeffort to reduce redundancy all module
specific information is located only in the respective Block User Guide. If applicable, special
implementation details of the module are given in the block description sections of this document.

See Table 0-3 for names and versions of the referenced documents throughout the Device User Guide.

Table 0-3 Document References

User Guide Version |Document Order Number
HCS12 CPU Reference Manual V02 S12CPUV2/D
HCS12 Module Mapping Control (MMC) Block Guide V04 S12MMCV4/D
HCS12 Multiplexed External Bus Interface (MEBI) Block Guide V03 S12MEBIV3/D
HCS12 Interrupt (INT) Block Guide V01l S12INTV1/D
HCS12 Background Debug Module (BDM) Block Guide V04 S12BDMV4/D
HCS12 Breakpoint (BKP) Block Guide Vo1 S12BKPV1/D
Clock and Reset Generator (CRG) Block User Guide Vo4 S12CRGV4/D
Oscillator (OSC) Block User Guide V02 S120SCV2/D
Enhanced Capture Timer 16 Bit 8 Channel (ECT_16B8C) Block User Guide Vo1 S12ECT16B8CV1/D
Analog to Digital Converter 10 Bit 8 Channel (ATD_10B8C) Block User Guide V02 S12ATD10B8CV2/D
Inter IC Bus (IIC) Block User Guide V02 S121ICV2/D
Asynchronous Serial Interface (SCI) Block User Guide V02 S12SCIV2/D
Serial Peripheral Interface (SPI) Block User Guide V02 S12SPIV2/D
Pulse Width Modulator 8 Bit 8 Channel (PWM_8B8C) Block User Guide Vo1 S12PWM8B8CV1/D
128K Byte Flash (FTS128K) Block User Guide V02 S12FTS128KV2/D
2K Byte EEPROM (EETS2K) Block User Guide Vo1l S12EETS2KV1/D
Byte Level Data Link Controller -J1850 (BDLC) Block User Guide Vo1 S12BDLCV1/D
Motorola Scalable CAN (MSCAN) Block User Guide V02 S12MSCANV2/D
Voltage Regulator (VREG) Block User Guide Vo1 S12VREGV1/D
Port Integration Module (PIM_9DTB128) Block User Guide V02 S12DTB128PIMV2/D
Byteflight (BF) Block User Guide Vo1 S12BFV1/D
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Section 1 Introduction

1.1 Overview

The MC9S12DT128 microcontroller unit (MCU) is a 16-bit device composed of standard on-chip
peripherals including a 16-bit central processing unit (HCS12 CPU), 128K bytes of Flash EEPROM, 8K
bytes of RAM, 2K bytes of EEPROM, two asynchronous serial communications interfaces (SCl), two
serial peripheral interfaces (SPI), an 8-channel 1C/OC enhanced capture timer, two 8-channel, 10-bit
analog-to-digital converters (ADC), an 8-channel pulse-width modulator (PWM), adigital Byte DataLink
Controller (BDLC), 29 discretedigital I/0 channels (Port A, Port B, Port K and Port E), 20 discrete digital
1/O lines with interrupt and wakeup capability, three CAN 2.0 A, B software compatible modules
(MSCAN12), a Byteflight module and an Inter-1C Bus. The MC9S12DT128 has full 16-bit data paths
throughout. However, the external bus can operate in an 8-bit narrow mode so single 8-bit wide memory
can be interfaced for lower cost systems. The inclusion of aPLL circuit allows power consumption and
performance to be adjusted to suit operational requirements.

1.2 Features

e HCS12 Core

— 16-bit HCS12 CPU
i. Upward compatible with M68HC11 instruction set

ii. Interrupt stacking and programmer’s model identical to M68HC11
iii.20-bit ALU
iv. Instruction queue
v. Enhanced indexed addressing
— MEBI (Multiplexed External Bus Interface)
— MMC (Module Mapping Control)
— INT (Interrupt control)
— BKP (Breakpoints)
— BDM (Background Debug Module)
* CRG (Clock and Reset Generator)
— Choice of low current Colpitts oscillator or standard Pierce Oscillator
- PLL
— COP watchdog
— real timeinterrupt
— clock monitor
» 8-bit and 4-bit ports with interrupt functionality
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— Digital filtering

— Programmablerising or falling edge trigger
Memory

— 128K Flash EEPROM

— 2K byte EEPROM

— 8K byte RAM

Two 8-channel Analog-to-Digital Converters
— 10-bit resolution

— External conversion trigger capability
Three 1M bit per second, CAN 2.0 A, B software compatible modules
— Fivereceive and three transmit buffers

— Hexible identifier filter programmable as 2 x 32 bit, 4 x 16 bit or 8 x 8 bit

— Four separate interrupt channels for Rx, Tx, error and wake-up
— Low-passfilter wake-up function

— Loop-back for self test operation

Enhanced Capture Timer

— 16-bit main counter with 7-bit prescaler

— 8 programmable input capture or output compare channels

— Four 8-bit or two 16-bit pulse accumulators

8 PWM channels

— Programmable period and duty cycle

— 8-bit 8-channel or 16-bit 4-channel

— Separate control for each pulse width and duty cycle

— Center-aligned or left-aligned outputs

— Programmable clock select logic with awide range of frequencies
— Fast emergency shutdown input

— Usable asinterrupt inputs

Serid interfaces

— Two asynchronous Serial Communications I nterfaces (SCI)

— Two Synchronous Serial Periphera Interface (SPI)

— Byteflight

Byte Data Link Controller (BDLC)

Freescale Semiconductor
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Compatible and | SO Compatible for Low-Speed (<125 Kbps) Serial Data Communicationsin

Automotive Applications

* Inter-ICBus(I1C)

Compatible with 12C Bus standard
Multi-master operation

Software programmable for one of 256 different serial clock frequencies

e 112-Pin LQFP and 80-Pin QFP package options

1/O lines with 5V input and drive capability

5V A/D converter inputs

Operation at 50MHz equivalent to 25MHz Bus Speed
Development support

Single-wire background debug™ mode

On-chip hardware breakpoints

1.3 Modes of Operation

User modes

* Normal and Emulation Operating Modes

Normal Single-Chip Mode

Normal Expanded Wide Mode
Normal Expanded Narrow Mode
Emulation Expanded Wide Mode
Emulation Expanded Narrow Maode

» Specia Operating Modes

Specia Single-Chip Mode with active Background Debug Mode

Specia Test Mode (Freescale use only)
Special Peripheral Mode (Freescale use only)

Low power modes

» Stop Mode
* Pseudo Stop Mode
* Wait Mode

Freescale Semiconductor

27



Device User Guide — 9S12DT128DGV2/D V02.17
1.4 Block Diagram

Figure 1-1 shows ablock diagram of the MC9S12DT128 device.
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Figure 1-1 MC9S12DT128 Block Diagram

VRH | VRH |<—VRH
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AN2 «—PADO2 AN2 |« |«—paDI10
VDDR—>>{ AN3 8 [«—PADO3 AN3 [« = [«—PAD11
VSSR—» AN4 < |«—PADO4 AN4 j«- < |«—PAD12
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XFC <] PIX2 | é « [*PK2,
VDDPLL Clock and oot it [0 1 it
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FEsfffsss R2EEEEERE CANlRXCAN o 02 > PM2
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O0OOoO00O00Q oooocoooa |[BYTE- o o 00 >
00600000 00000000 [FLUGHT ™BFI ™ o PM5
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. X LDETONAO ' BF PROK j=> o > > PM7
Multiplexed I 2222222 22323928, BF_PERR |e»| =
‘WideBus Kkt TEkkckg: - Id<
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' XADDR14

XADDR15

. XADDR16

XADDR18

'
l
XADDR17
XADDR19
'

' ECSROMCTL

Signals shown in Bold-Italics are not available in the 80 Pin Package Option for DG and DJ128

Signals shown in Bold are not available in any of the two the 80 Pin Package Options
Signals shown in /talics are not available in the 80 Pin Package Option for B128
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1.5 Device Memory Map

(Table 1-1) and (Figure 1-2) show the device memory map of the MC9S12DT128 after reset. Note that
after reset the EEPROM ($0000 — $07FF) is hidden by the register space ($0000 - $03FF) and the RAM
($0000 - $1FFF). The bottom 1K Bytes of RAM ($0000 - $03FF) are hidden by the register space.

30

Table 1-1 Device Memory Map

Address Module (Bsyltzgs)
$0000 — $0017 | CORE (Ports A, B, E, Modes, Inits, Test) 24
$0018 — $0019 |Reserved 2
$001A — $001B | Device ID register (PARTID) 2
$001C — $001F | CORE (MEMSIZ, IRQ, HPRIO) 4
$0020 — $0027 |Reserved 8
$0028 — $002F | CORE (Background Debug Module) 8
$0030 — $0033 | CORE (PPAGE, Port K) 4
$0034 — $003F | Clock and Reset Generator (PLL, RTI, COP) 12
$0040 — $007F | Enhanced Capture Timer 16-bit 8 channels 64
$0080 — $009F | Analog to Digital Converter 10-bit 8 channels (ATDO) 32
$00A0 — $00C7 | Pulse Width Modulator 8-bit 8 channels (PWM) 40
$00C8 — $00CF | Serial Communications Interface (SCI0) 8
$00DO0 — $00D7 | Serial Communications Interface (SCI1) 8
$00D8 — $00DF | Serial Peripheral Interface (SPI0) 8
$OOEO — $00E7 | Inter IC Bus 8
$00E8 — $00EF | Byte Level Data Link Controller (BDLC) 8
$00FO0 — $00F7 | Serial Peripheral Interface (SPI1) 8
$00F8 — $00FF | Reserved 8
$0100 — $010F |Flash Control Register 16
$0110 — $011B | EEPROM Control Register 12
$011C — $011F |Reserved 4
$0120 — $013F | Analog to Digital Converter 10-bit 8 channels (ATD1) 32
$0140 — $017F | Motorola Scalable CAN (CANO) 64
$0180 — $01BF | Motorola Scalable CAN (CAN1) 64
$01CO — $01FF |Reserved 64
$0200 — $023F |Reserved 64
$0240 — $027F | Port Integration Module (PIM) 64
$0280 — $02BF | Motorola Scalable CAN (CAN4) 64
$02C0 — $02FF |Reserved 64
$0300 — $035F | Byteflight (BF) 96
$0360 — $03FF | Reserved 160
$0000 — $07FF | EEPROM array 2048
$0000 — $1FFF | RAM array 8192

Fixed Flash EEPROM arra
$4000 - $7FFF incl. 0.5K, 1K, 2K or 4K Prgtected Sector at start 16384
$8000 — $BFFF | Flash EEPROM Page Window 16384
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Table 1-1 Device Memory Map

Size
Address Module (Bytes)
Fixed Flash EEPROM array
$C000 — $FFFF |incl. 0.5K, 1K, 2K or 4K Protected Sector at end 16384
and 256 bytes of Vector Space at $FF80 — $FFFF
Figure 1-2 MC9S12DT128 Memory Map
/ $0000 | 1K Register Space
$0000 _ _ $03FF | Mappable to any 2K Boundary
$0400 ! $0800 | 2K Bytes EEPROM
$0800
$1000 } $OFFF Mappable to any 2K Boundary
$2000
$2000 | 8K Bytes RAM
$3FFF Mappable to any 8K Boundary
$4000 A
$4000 0.5K, 1K, 2K or 4K Protected Sector
s7epr | 16K Fired Flash EEPROM
$8000 %
$8000 | 16K Page Window
eight * 16K Flash EEPROM Pages
EXT
$BFFF
$C000 $C000 | 16K Fixed Flash EEPROM
i $:FI;F;= i 2K, 4K, 8K or 16K Protected Boot Sector
SFFO0 | poug
_____ L — L — ] . If Active
SFF90 " ~VECTORS VECYORS 7 VECTORS // serre | (A
NORMAL EXPANDED SPECIAL
SINGLE CHIP SINGLE CHIP

The address does not show the map after
$0000 - $03FF: Register Space

$0000 - $1FFF: 8K RAM

$0000 - $07FF: 2K EEPROM (not visible)

Freescale Semiconductor

reset, but a useful map. After reset the map is:
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1.5.1 Detailed Register Map

$0000 - $000F

Address

$0000

$0001

$0002

$0003

$0004

$0005

$0006

$0007

$0008

$0009

$000A

$000B

$000C

$000D

$000E

$000F

Name

PORTA

PORTB

DDRA

DDRB

Reserved

Reserved

Reserved

Reserved

PORTE

DDRE

PEAR

MODE

PUCR

RDRIV

EBICTL

Reserved

$0010 - $0014

Address

$0010

$0011

$0012

$0013

$0014

32

Name

INITRM

INITRG

INITEE

MISC

Reserved

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

MEBI map 1 of 3 (HCS12 Multiplexed External Bus Interface)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Bit 7 6 5 4 3 2 1 Bit 0
Bit 7 6 5 4 3 2 1 Bit 0
Bit 7 6 5 4 3 2 1 Bit 0
Bit 7 6 5 4 3 2 1 Bit 0

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 Bit 1 Bit 0
Bit 7 6 5 4 3 Bit 2 0 0
0 0 0
NOACCE PIPOE | NECLK | LSTRE | RDWE
0 0
MODC | MODB | MODA VIS EMK EME

PUPKE 0 0 PUPEE 0 0 PUPBE | PUPAE

RDPK 0 0 RDPE 0 0 RDPB | RDPA
0 0 0 0 0 0 0 ESTR
0 0 0 0 0 0 0 0

MMC map 1 of 4 (HCS12 Module Mapping Control)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
RAM15 | RAM14 | RAM13 | RAM12 | RAM11 0 0 RAMHAL
0 REG14 | REG13 | REG12 | REG11 0 0 0

0 0
EE15 | EE14 | EE13 | EE12 | EE11 EEON
0 0 0 0 EXSTR1 | EXSTRO | ROMHM | ROMON
0 0 0 0 0 0 0 0
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$0015 - $0016

Address Name
$0015 ITCR
$0016 ITEST

$0017 - $0017

Address Name
MTST1
$o017 Test Only

$0018 - $0019

Address Name
$0018 -
$0019 Reserved

$001A - $001B

Address Name

$001A PARTIDH

$001B  PARTIDL
$001C - $001D
1-4))

Address Name

$001C MEMSIZ0

$001D MEMSIZ1

$001E - $001E

Address Name

$001E INTCR

Freescale Semiconductor

Read:
Write:
Read:
Write:

Read:
Write:

Read:
Write:

Read:
Write:
Read:
Write:

Read:
Write:
Read:
Write:

Read:
Write:
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INT map 1 of 2 (HCS12 Interrupt)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 WRINT | ADR3 | ADR2 | ADR1 | ADRO
INTE INTC INTA INT8 INT6 INT4 INT2 INTO
MMC map 2 of 4 (HCS12 Module Mapping Control)
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Bit 7 6 5 4 3 2 1 Bit 0
Reserved
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 0 0 0
Device ID Register ((Table 1-3))
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
ID15 ID14 ID13 ID12 ID11 ID10 ID9 ID8
ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO

MMC map 3 of 4 (HCS12 Module Mapping Control, (Table

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
reg_swO 0 eep_swl | eep_swO 0 ram_sw2 | ram_swl [ ram_swO
rom_sw1 | rom_swO 0 0 0 0 pag_swl | pag_swO

MEBI map 2 of 3 (HCS12 Multiplexed External Bus Interface)

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

IRQE

IRQEN

0

0

0

0

0

0
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$001F - $001F INT map 2 of 2 (HCS12 Interrupt)
Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
$001F HPRIO \Ff\friz PSEL7 | PSEL6 | PSEL5 | PSEL4 | PSEL3 | PSEL2 | PSEL1 0
$0020 - $0027 Reserved
Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
$0020- . . Read: 0 0 0 0 0 0 0 0
$0027 Write:
$0028 - $002F BKP (HCS12 Breakpoint)
Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
$0028 BKPCTO \Ff\friz BKEN | BKFULL | BKBDM | BKTAG 0 0 0 0
$0029 BKPCT1 \Ff\friz BKOMBH | BKOMBL | BKIMBH | BKIMBL | BKORWE | BKORW |BK1RWE | BK1IRW
Read: 0 0
$002A BKPOX Write. BKOV5 | BKOV4 | BKOV3 | BKOV2 | BKOV1 | BKOVO
$002B BkpoH €4l i 14 13 12 11 10 9 Bit 8
Write:
Read: . .
$002C BKPOL _ Bit 7 6 5 4 3 2 1 Bit 0
Write:
Read: 0 0
$002D BKP1X Write. BK1V5 | BK1V4 | BK1v3 | BK1V2 | BK1V1 | BK1VO
$002E Bkp1H el s 14 13 12 11 10 9 Bit 8
Write:
Read: . .
$002F BKP1L _ Bit 7 6 5 4 3 2 1 Bit 0
Write:
$0030 - $0031 MMC map 4 of 4 (HCS12 Module Mapping Control)
Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Read: 0 0
$0030 PPAGE Write. PIX5 PIX4 PIX3 PIX2 PIX1 PIX0
$0031 Reserved Ref"d: 0 0 0 0 0 0 0 0
Write:
$0032 - $0033 MEBI map 3 of 3 (HCS12 Multiplexed External Bus Interface)
Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
$0032 porTK  Read| g5 6 5 4 3 2 1 Bit 0
Write:
Read: . .
$0033 DDRK _ Bit 7 6 5 4 3 2 1 Bit 0
Write:
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$0034 - $003F

Address

$0034

$0035

$0036

$0037

$0038

$0039

$003A

$003B

$003C

$003D

$003E

$003F

Name

SYNR

REFDV

CTFLG
TEST ONLY

CRGFLG

CRGINT

CLKSEL

PLLCTL

RTICTL

COPCTL

FORBYP
TEST ONLY

CTCTL
TEST ONLY

ARMCOP

$0040 - $007F

Address

$0040

$0041

$0042

$0043

$0044

$0045

$0046

$0047

$0048

$0049

Name

TIOS
CFORC
OC7M
OC7D
TCNT (hi)
TCNT (lo)
TSCR1
TTOV
TCTLL

TCTL2
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Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
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CRG (Clock and Reset Generator)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 SYN5 | SYN4 | SYN3 | SYN2 | SYN1 | SYNO
0 0 0 0 REFDV3 | REFDV2 | REFDV1 | REFDVO
0 0 0 0 0 0 0 0
RTIF | PORF 0 LockiF 2K L TRACK | oy [ SEM
RTIE 0 0 LOCKIE 0 0 SCMIE 0
PLLSEL | PSTP | SYSWAI | ROAWAI | PLLWAI | CWAI | RTIWAI | COPWAI
CME | PLLON | AUTO | ACQ 0 PRE PCE | SCME
0 RTR6 | RTR5 | RTR4 | RTR3 | RTR2 | RTR1 | RTRO
0 0 0
WCOP | RSBCK CR2 CR1 CRO
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit 0
ECT (Enhanced Capture Timer 16 Bit 8 Channels)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
l0S7 l0S6 I0S5 0S4 l0S3 l0S2 lOS1 I0S0
0 0 0 0 0 0 0 0
FOC7 | FOC6 | FOC5 | Foca | Foc3 | Foc2 | FOCi | Foco
OC7M7 | OC7M6 | OC7M5 | OC7M4 | OC7M3 | OC7M2 | OC7M1 | OC7MO
OC7D7 | OC7D6 | OC7D5 | OC7D4 | OC7D3 | OC7D2 | OC7D1 | OC7DO
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
TEN | TSWAI | TSFRZ | TFFCA 0 0 0 0
TOV7 | TOV6 | TOV5 | TOv4 | TOv3 | TOv2 | TOVl | TOVO
om7 oL7 OM6 oL6 OM5 oL5 OM4 oL4
oMm3 oL3 OoM2 oL2 oM1 oL1 OMO oLo
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$0040 - $007F ECT (Enhanced Capture Timer 16 Bit 8 Channels)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

$004A TCTL3 \Fj\ﬁigf EDG7B | EDG7A | EDG6B | EDG6A | EDG5B | EDG5A | EDG4B | EDG4A

$004B TCTL4 \Fj\ﬁigf EDG3B | EDG3A | EDG2B | EDG2A | EDG1B | EDG1A | EDGOB | EDGOA

$004C TIE Read:| ) cel Csl cal cal c2l cil col
Write:

$004D Tscrz  Read| o, 0 0 0 TCRE | PR2 PR1 PRO
Write:
Read:

$004E TRLGL 2| CTF C6F C5F CaF C3F CoF C1F COF

$004F TRLG2  Readl Lo 0 0 0 0 0 0 0
Write:

$0050 Tco(hy el gigs 14 13 12 11 10 9 Bit 8
Write:

$0051 TCO (o)  Red| g7 6 5 4 3 2 1 Bit 0
Write:

$0052 Tci(hy el gigs 14 13 12 11 10 9 Bit 8
Write:

$0053 TC1(0)  R€A| g7 6 5 4 3 2 1 Bit 0
Write:

$0054 Tc2(hiy el gitgs 14 13 12 11 10 9 Bit 8
Write:

$0055 TC2(0) €| g7 6 5 4 3 2 1 Bit 0
Write:

$0056 Tca(hy el gigs 14 13 12 11 10 9 Bit 8
Write:

$0057 TC3 (o) el g7 6 5 4 3 2 1 Bit 0
Write:

$0058 Tcahy el gigs 14 13 12 11 10 9 Bit 8
Write:

$0059 TCa(o) REA| g7 6 5 4 3 2 1 Bit 0
Write:

$005A Tcs(hy  ReAdl gigs 14 13 12 11 10 9 Bit 8
Write:

$005B TC5 (o) el g7 6 5 4 3 2 1 Bit 0
Write:

$005C Tce(hy  ~eadl gitgs 14 13 12 11 10 9 Bit 8
Write:

$005D TC6 (o) el g7 6 5 4 3 2 1 Bit 0
Write:

$005E Tc7hy Rl gigs 14 13 12 11 10 9 Bit 8
Write:

$005F TC7(0)  ReAd g7 6 5 4 3 2 1 Bit 0
Write:
Read: 0

$0060 PACTL (o0 PAEN | PAMOD | PEDGE | CLK1 | CLKO | PAOVI PAI

$0061 PAFLG ~ Readl 0 0 0 0 0 0 PAOVF | PAIF
Write:

$0062  PACN3 (hi) eadl g7 6 5 4 3 2 1 Bit 0
Write:
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$0040 - $007F

Address
$0063

$0064

$0065

$0066

$0067

$0068

$0069

$006A

$006B

$006C

$006D

$006E

$006F

$0070

$0071

$0072

$0073

$0074

$0075

$0076

$0077

$0078

$0079

$007A

$007B

Name

PACN2 (lo)

PACN (hi)

PACNO (lo)
MCCTL
MCFLG
ICPAR
DLYCT
ICOVW
ICSYS

Reserved

TIMTST
Test Only

Reserved
Reserved
PBCTL
PBFLG
PA3H
PA2H
PA1H
PAOH
MCCNT (hi)
MCCNT (lo)
TCOH (hi)
TCOH (lo)
TC1H (hi)

TC1H (lo)
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Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

Device User Guide — 9S12DT128DGV2/D V02.17

ECT (Enhanced Capture Timer 16 Bit 8 Channels)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Bit 7 6 5 4 3 2 1 Bit0
Bit 7 6 5 4 3 2 1 Bit0
Bit 7 6 5 4 3 2 1 Bit0
MCZzZl | MODMC | RDMCL 0 0 MCEN | MCPR1 | MCPRO
ICLAT FLMC
MCZE 0 0 0 POLF3 | POLF2 | POLF1 | POLFO
0 0 0 0 PA3EN | PA2EN | PA1EN | PAOEN
0 0 0 0 0 0 DLY1 DLYO
NOVW7 | NOVW6 [ NOVW5 [ NOVW4 | NOVW3 | NOVW2 | NOVW1 | NOVWO
SH37 SH26 SH15 SH04 | TFMOD | PACMX | BUFEN LATQ
0 0 0 0 0 0 TCBYP 0
0 PBEN 0 0 0 0 PBOVI 0
0 0 0 0 0 0 PBOVE 0
Bit 7 6 5 4 3 2 1 Bit 0
Bit 7 6 5 4 3 2 1 Bit 0
Bit 7 6 5 4 3 2 1 Bit 0
Bit 7 6 5 4 3 2 1 Bit 0
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit0
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
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$0040 - $007F

Address
$007C

$007D

$007E

$007F

Name

TC2H (hi)
TC2H (lo)
TC3H (hi)

TC3H (lo)

$0080 - $009F

Address
$0080

$0081

$0082

$0083

$0084

$0085

$0086

$0087

$0088

$0089

$008A

$008B

$008C

$008D

$008E

$008F

$0090

$0091

Name

ATDOCTLO

ATDOCTL1

ATDOCTL2

ATDOCTL3

ATDOCTL4

ATDOCTL5

ATDOSTATO

Reserved

ATDOTESTO

ATDOTEST1

Reserved

ATDOSTAT1

Reserved

ATDODIEN

Reserved

PORTADO

ATDODROH

ATDODROL

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

ECT (Enhanced Capture Timer 16 Bit 8 Channels)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
ATDO (Analog to Digital Converter 10 Bit 8 Channel)
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
ADPU | AFFC | AWAI |ETRIGLE| ETRIGP | ETRIG | ASCIE 2l
0 s8c s4c s2c sic FIFO | FRZ1 | FRZ0
SRES8 | SMP1 | SMPO | PRS4 | PRS3 | PRS2 | PRS1 | PRSO
DIM | DSGN | SCAN | MULT 0 cc CB CA
SCF 0 ETORF | FIFOR 0 cc2 ccl CCO
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 sc
0 0 0 0 0 0 0 0
CCF7 | ccr6 | ccF5 | cCcr4 | ccr3 | ccr2 | ccF1 | cCFo
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 0 0 0 0 0
Bit7 6 5 4 3 2 1 BITO
Bit15 14 13 12 11 10 9 Bit8
Bit7 Bit6 0 0 0 0 0 0
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$0080 - $009F

Address
$0092

$0093

$0094

$0095

$0096

$0097

$0098

$0099

$009A

$009B

$009C

$009D

$009E

$009F

$00AO0 -

Address
$00A0

$00A1

$00A2

$00A3

$00A4

$00A5

$00A6

$00A7

$00A8

Name

ATDODR1H
ATDODRI1L
ATDODR2H
ATDODR2L
ATDODR3H
ATDODR3L
ATDODR4H
ATDODR4L
ATDODR5H
ATDODRS5L
ATDODR6H
ATDODR6L
ATDODR7H

ATDODR7L

$00C7

Name

PWME
PWMPOL
PWMCLK

PWMPRCLK
PWMCAE

PWMCTL

PWMTST
Test Only

PWMPRSC
Test Only

PWMSCLA
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Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
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ATDO (Analog to Digital Converter 10 Bit 8 Channel)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Bit15 14 13 12 11 10 9 Bit8
Bit7 Bit6 0 0 0 0 0 0
Bit15 14 13 12 11 10 9 Bit8
Bit7 Bit6 0 0 0 0 0 0
Bit15 14 13 12 11 10 9 Bit8
Bit7 Bit6 0 0 0 0 0 0
Bit15 14 13 12 11 10 9 Bit8
Bit7 Bit6 0 0 0 0 0 0
Bit15 14 13 12 11 10 9 Bit8
Bit7 Bit6 0 0 0 0 0 0
Bit15 14 13 12 11 10 9 Bit8
Bit7 Bit6 0 0 0 0 0 0
Bit15 14 13 12 11 10 9 Bit8
Bit7 Bit6 0 0 0 0 0 0

PWM (Pulse Width Modulator 8 Bit 8 Channel)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PWME7 | PWME6 | PWMES5 | PWME4 | PWME3 | PWME2 | PWMEL | PWMEO
PPOL7 | PPOL6 | PPOL5 | PPOL4 | PPOL3 | PPOL2 | PPOLL | PPOLO
PCLK7 | PCLK6 | PCLK5 | PCLK4 | PCLK3 | PCLK2 | PCLK1 | PCLKO

0 PCKB2 | PCKB1 | PCKBO 0 PCKA2 | PCKAL | PCKAO

CAE7 | CAE6 | CAE5 | CAE4 | CAE3 | CAE2 | CAEl | CAEO

CONG67 | CON45 | CON23 | CONO1 | PSWAI | PFRZ 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit 0
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$00AO0 - $00C7 PWM (Pulse Width Modulator 8 Bit 8 Channel)
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
$00A9  PwmscLB €%l g7 6 5 4 3 2 1 Bit 0
Write:
PWMSCNTA Read:[ 0 0 0 0 0 0 0 0
$O0AA Test Only Write:
PWMSCNTB Read:| 0 0 0 0 0 0 0 0
$00AB Test Only Write:
Read:| Bit7 6 5 4 3 2 1 Bit 0
$O0AC — PWMCNTO e 0 0 0 0 0 0 0 0
Read:| Bit7 6 5 4 3 2 1 Bit 0
$O0AD  PWMCNTL e 0 0 0 0 0 0 0 0
Read:| Bit7 6 5 4 3 2 1 Bit 0
$O0AE  PWMCNT2 e 0 0 0 0 0 0 0 0
Read:| Bit7 6 5 4 3 2 1 Bit 0
$O0AF  PWMCNTS e 0 0 0 0 0 0 0 0
Read:| Bit7 6 5 4 3 2 1 Bit 0
$O0BO  PWMCNT4 e 0 0 0 0 0 0 0 0
Read:| Bit7 6 5 4 3 2 1 Bit 0
$O0BL  PWMCNTS e 0 0 0 0 0 0 0 0
Read:| Bit7 6 5 4 3 2 1 Bit 0
$00B2  PWMCNT6 e 0 0 0 0 0 0 0 0
Read:| Bit7 6 5 4 3 2 1 Bit 0
$00B3  PWMCNT7 e 0 0 0 0 0 0 0 0
$00B4  PWMPERO 1S2%| g7 6 5 4 3 2 1 Bit 0
Write:
$00B5  PWMPERL 1%2%| g7 6 5 4 3 2 1 Bit 0
Write:
$00B6  PWMPER2 192%| g7 6 5 4 3 2 1 Bit 0
Write:
$00B7  PWMPER3 1%l g7 6 5 4 3 2 1 Bit 0
Write:
$00B8  PWMPER4 1S2%| g7 6 5 4 3 2 1 Bit 0
Write:
$00B9  PWMPERs 192d| g7 6 5 4 3 2 1 Bit 0
Write:
$00BA  PWMPERs 192%| g7 6 5 4 3 2 1 Bit 0
Write:
$00BB  PWMPER7 1%l g7 6 5 4 3 2 1 Bit 0
Write:
$00BC  PWMDTYD R€2%| g7 6 5 4 3 2 1 Bit 0
Write:
$00BD  PWMDTY1 R€2%| g7 6 5 4 3 2 1 Bit 0
Write:
$00BE  PWMDTY2 R€2d| g7 6 5 4 3 2 1 Bit 0
Write:
$00BF  PWMDTY3 1%l g7 6 5 4 3 2 1 Bit 0
Write:
$00C0  PWMDTY4 R€2d| gys 6 5 4 3 2 1 Bit 0
Write:
$00C1  PWMDTY5 1%l oo 6 5 4 3 2 1 Bit 0
Write:
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$00AO0 - $00C7

Address
$00C2

$00C3

$00C4

$00C5

$00C6

$00C7

$00CS8 -

Address
$00C8

$00C9

$00CA

$00CB

$00CC

$00CD

$00CE

$00CF

Name

PWMDTY6
PWMDTY7
PWMSDN
Reserved
Reserved

Reserved

$00CF

Name

SCIOBDH
SCIOBDL
SCIOCR1
SCIOCR2
SCIOSR1
SCIOSR2
SCIODRH

SCIODRL

$00DO0 - $00D7

Address
$00DO0

$00D1

$00D2

$00D3

$00D4

Freescale Semiconductor

Name

SCI1BDH

SCI1BDL

SCI1CR1

SCI1CR2

SCI1SR1

Read:
Write:
Read:
Write:
Read:
Write:
Read:

Write:
Read:
Write:
Read:
Write:

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

PWM (Pulse Width Modulator 8 Bit 8 Channel)
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Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Bit 7 6 5 4 3 2 1 Bit 0
Bit 7 6 5 4 3 2 1 Bit 0
PWMIF | PWMIE | PWMRSTRT | PWMLVL —— PWMAN | bwh7INL | PWM7ENA
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
SCIO0 (Asynchronous Serial Interface)
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 SBR12 | SBR11 | SBR10 | SBR9 | SBRS8
SBR7 | SBR6 | SBR5 | SBR4 | SBR3 | SBR2 | SBR1 | SBRO
LOOPS |SCISWAI| RSRC M WAKE ILT PE PT
TIE TCIE RIE ILIE TE RE RWU SBK
TDRE TC RDRF | IDLE OR NF FE PF
0 0 0 0 0 BRK13 | TXDIR |
R8 T8 0 0 0 0 0 0
R7 R6 R5 R4 R3 R2 R1 RO
T7 T6 T5 T4 T3 T2 T1 TO
SCI1 (Asynchronous Serial Interface)
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 SBR12 | SBR11 | SBR10 | SBR9 | SBRS8
SBR7 | SBR6 | SBR5 | SBR4 | SBR3 | SBR2 | SBR1 | SBRO
LOOPS |SCISWAI| RSRC M WAKE ILT PE PT
TIE TCIE RIE ILIE TE RE RWU SBK
TDRE TC RDRF | IDLE OR NF FE PF
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$00DO0 - $00D7 SCI1 (Asynchronous Serial Interface)
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
$00D5  sciisrz  leadl 0 0 0 0 0 BRK13 | TXDIR |—AF

Write:
$00D6  SCilDRH  ead R T8 0 0 0 0 0 0

Write:

Read: R7 R6 R5 R4 R3 R2 R1 RO
$00D7 SCILDRL Write: T7 T6 T5 T4 T3 T2 T1 TO
$00D8 - $00DF SPI0 (Serial Peripheral Interface)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
$00D8 SPIOCR1 \Ij\/eriigi SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE
$00D9 SPIOCR2 \Ij\/eriigi 0 0 0 MODFEN | BIDIROE 0 SPISWAI| SPCO
$00DA SPIOBR \Ij\/eriigi 0 SPPR2 | SPPR1 | SPPRO 0 SPR2 SPR1 SPRO
$00DB SPIOSR Regd: SPIF 0 SPTEF MODF 0 0 0 0

Write:
$00DC Reserved Regd: 0 0 0 0 0 0 0 0

Write:
$000D  sSPiopr  eadl gy 6 5 4 3 2 1 Bit0

Write:
$00DE Reserved Regd: 0 0 0 0 0 0 0 0

Write:
$00DF Reserved Regd: 0 0 0 0 0 0 0 0

Write:
$00EO - $00E7 IIC (Inter IC Bus)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
$00EO IBAD \Ij\/eriigi ADR7 ADRG6 ADRS5 ADR4 ADR3 ADR2 ADR1 0

Read:
$00E1 IBFD Write: IBC7 IBC6 IBC5 IBC4 IBC3 IBC2 IBC1 IBCO

Read: - — 0 0
$00E2 IBCR Write: IBEN IBIE MS/SL TX/RX TXAK RSTA IBSWAI
$O00E3 IBSR Regd: TCF IAAS IBB IBAL 0 SRW IBIE RXAK

Write:
$00E4 IBDR Read:) D6 D5 D4 D3 D2 D1 DO

Write:
$00E5 Reserved Regd: 0 0 0 0 0 0 0

Write:
$00E6 Reserved Regd: 0 0 0 0 0 0 0 0

Write:
$00E7 Reserved Regd: 0 0 0 0 0 0 0 0

Write:
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$O0ES - $00EF BDLC (Byte Level Data Link Controller J1850)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

$00E8  DLCBCR1 \Ff\friz IMSG | CLKS 0 0 0 0 IE WCM

$00ES bLcesyr | Read: 0 0 13 12 11 10 0 0
Write:

$O0EA DLCBCR2 \F;\frig SMRST | DLOOP | RX4XE | NBFS | TEOD | TSIFR | TMIFR1 | TMIFRO
Read:

$00EB DLCBDR | D7 D6 D5 D4 D3 D2 D1 DO

$00EC  DLCBARD \F;\frig 0 RXPOL 0 0 BO3 BO2 BO1 BOO

$00ED  DLCBRSR Read] O 0 R5 R4 R3 R2 R1 RO
Write:

$0OEE  DLCscr  Read] 0O 0 0 BDLCE 0 0 0 0
Write:

$O0EF  DLCBSTAT Read: 0 0 0 0 0 0 0 IDLE
Write:

$O00FO - $00F7 SPI1 (Serial Peripheral Interface)

Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

$00F0 SPILCR1 \F;\frig SPIE SPE SPTIE | MSTR | CPOL | CPHA | SSOE | LSBFE

$00F1 SPILCR2 \F;\frig 0 0 0 MODFEN | BIDIROE 0 SPISWAI| SPCO

$00F2 SPI1BR \F;\frig 0 SPPR2 | SPPR1 | SPPRO 0 SPR2 | SPR1 | SPRO

$00F3 spiisg  Read:| SPIF 0 SPTEF | MODF 0 0 0 0
Write:

$00F4 Reserved Ref"d: 0 0 0 0 0 0 0 0
Write:
Read: . .

$00F5 SPI1DR _ Bit7 6 5 4 3 2 1 Bit0
Write:

$00F6 Reserved Ref"d: 0 0 0 0 0 0 0 0
Write:

$00F7 Reserved Ref"d: 0 0 0 0 0 0 0 0
Write:

$00F8 - $00FF Reserved

Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

$00F8- . ... Read: 0 0 0 0 0 0 0 0

$00FF Write:
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$0100 - $010F Flash Control Register (fts128k?2)
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
$0100 FCLKDIV \Ff\fri: FDVLD | oopivs | Foivs | FDiva | FDIV | FDIV2 | FDIVL | FDIVO
$0101 FSEC Regd: KEYEN1 | KEYENO| NV5 NV4 NV3 NV2 SEC1 SECO
Write:
$0102  FTsTMop Read| 0 0 WRALL 0 0 0 0
Write:
$0103 FCNFG \Ff\fri: CBEIE | CCIE |KEYACC 0 0 0 BKSEL1 | BKSELO
$0104 FPROT \Ff\fri: FPOPEN| NV6 | FPHDIS | FPHS1 | FPHSO | FPLDIS | FPLS1 | FPLSO
$0105 FSTAT \Ff\fri: CBEIF CCIF PVIOL |ACCERR 0 BLANK 0 0
$0106 FCMD \Ff\fri: 0 CMDB6 | CMDB5 0 0 CMDB?2 0 CMDBO
Reserved for Read: 0 0 0 0 0 0 0 0
$0107 Factory Test  Write:
$0108 FADDRHI  Readl 0 Bit 14 13 12 11 10 9 Bit 8
Write:
Read: . .
$0109 FADDRLO ) Bit 7 6 5 4 3 2 1 Bit O
Write:
$010A FDATAHI \Ff\fr ‘32 Bit 15 14 13 12 11 10 9 Bit 8
Read: . .
$010B FDATALO ) Bit 7 6 5 4 3 2 1 Bit O
Write:
$010C- Lo o Read: 0 0 0 0 0 0 0 0
$010F Write:
$0110 - $011B EEPROM Control Register (eets2k)
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
$0110 ECLKDIV \Ff\fri: EDIVLD | oobive | EDIvs | EDIV4 | EDIVE | EDIV2 | EDIVI | EDIVO
$0111 Reserved Refid: 0 0 0 0 0 0 0 0
Write:
Reserved for Read: 0 0 0 0 0 0 0 0
$0112 Factory Test  Write:
$0113 EcNFG 8% cpee | cciE 0 0 0 0 0 0
Write:
Read: NV6 NV5 NV4
$0114 EPROT Write:| EPOPEN EPDIS EP2 EP1 EPO
$0115 ESTAT \F;\fr‘i";:f CBEIF CCIF PVIOL |ACCERR 0 BLANK 0 0
$0116 ECMD \F;\fri:f 0 CMDB6 | CMDBS5 0 0 CMDB2 0 CMDBO
Reserved for Read: 0 0 0 0 0 0 0 0
$0117 Factory Test  Write:
$0118  EADDRHI Readl 0 0 0 0 0 0 Bit 9 Bit 8
Write:
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$0110 - $011B

Address
$0119

$011A

$011B

$011C -

Address

$011C -
$011F

Name

EADDRLO
EDATAHI

EDATALO

$011F

Name

Reserved

$0120 - $013F

Address
$0120

$0121

$0122

$0123

$0124

$0125

$0126

$0127

$0128

$0129

$012A

$012B

$012C

$012D

$012E

$012F

Name

ATD1CTLO

ATD1CTL1

ATD1CTL2

ATD1CTL3

ATD1CTLA4

ATD1CTL5

ATD1STATO

Reserved

ATDITESTO

ATDITEST1

Reserved

ATD1STAT1

Reserved

ATD1DIEN

Reserved

PORTAD1
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Read:
Write:
Read:
Write:
Read:
Write:

Read:
Write:

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
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EEPROM Control Register (eets2k)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Bit 7 6 5 4 3 2 1 Bit 0
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
Reserved for RAM Control Register
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 0 0 0
ATD1 (Analog to Digital Converter 10 Bit 8 Channel)
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
ASCIF
ADPU | AFFC | AWAI |ETRIGLE|ETRIGP | ETRIG | ASCIE
0 s8C s4C s2C s1C FIFO | FRZ1 | FRZO
SRES8 | SMP1 | SMPO | PRS4 | PRS3 | PRS2 | PRS1 | PRSO
DIM | DSGN | SCAN | MULT 0 cc CB CA
SCF 0 ETORF | FIFOR 0 cc2 cC1 CCo
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 <c
0 0 0 0 0 0 0 0
CCF7 | CCF6 | CCF5 | CCF4 | CCF3 | CCF2 | CCF1 | CCFO
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 0 0 0 0 0
Bit7 6 5 4 3 2 1 BITO
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$0120 - $013F

Address
$0130

$0131

$0132

$0133

$0134

$0135

$0136

$0137

$0138

$0139

$013A

$013B

$013C

$013D

$013E

$013F

Name

ATD1DROH

ATD1DROL

ATD1DR1H

ATD1DR1L

ATD1DR2H

ATD1DR2L

ATD1DR3H

ATD1DR3L

ATD1DR4H

ATD1DR4L

ATD1DR5H

ATD1DR5L

ATD1DR6H

ATD1DR6L

ATD1DR7H

ATD1DR7L

$0140 - $017F

Address
$0140

$0141

$0142

$0143

$0144

$0145

Name

CANOCTLO

CANOCTL1

CANOBTRO

CANOBTR1

CANORFLG

CANORIER

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

ATD1 (Analog to Digital Converter 10 Bit 8 Channel)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Bit15 14 13 12 11 10 9 Bit8
Bit7 Bit6 0 0 0 0 0 0
Bit15 14 13 12 11 10 9 Bit8
Bit7 Bit6 0 0 0 0 0 0
Bit15 14 13 12 11 10 9 Bit8
Bit7 Bit6 0 0 0 0 0 0
Bit15 14 13 12 11 10 9 Bit8
Bit7 Bit6 0 0 0 0 0 0
Bit15 14 13 12 11 10 9 Bit8
Bit7 Bit6 0 0 0 0 0 0
Bit15 14 13 12 11 10 9 Bit8
Bit7 Bit6 0 0 0 0 0 0
Bit15 14 13 12 11 10 9 Bit8
Bit7 Bit6 0 0 0 0 0 0
Bit15 14 13 12 11 10 9 Bit8
Bit7 Bit6 0 0 0 0 0 0

CANO (Motorola Scalable CAN - MSCAN)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

RXFRM 22T cswar F2NCR e | wupe | sLpro | INITRQ
CANE |CLKSRC| LOOPB | LISTEN 0 wupm [SEPAK | INITAK
SJW1 | SJWO | BRPS | BRP4 | BRP3 | BRP2 | BRP1 | BRPO
SAMP | TSEG22 | TSEG21 | TSEG20 | TSEG13 | TSEG12 | TSEG11 | TSEG10
WUPIE | cscie LRSTATL | RSTATO | TSTATL [ TSTATO | |\ oo | oyr
WUPIE | CSCIE |RSTATEL|RSTATEO|TSTATEL|TSTATEO| OVRIE | RXFIE
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$0140 -

Address
$0146

$0147

$0148

$0149

$014A

$014B

$014C

$014D

$014E

$014F

$0150 -
$0153
$0154 -
$0157
$0158 -
$015B
$015C -
$015F
$0160 -
$016F
$0170 -
$017F

$017F

Name

CANOTFLG
CANOTIER
CANOTARQ
CANOTAAK
CANOTBSEL
CANOIDAC
Reserved
Reserved
CANORXERR

CANOTXERR

CANOIDARO -
CANOIDAR3

CANOIDMRO -
CANOIDMR3

CANOIDAR4 -
CANOIDAR7

CANOIDMR4 -
CANOIDMR7

CANORXFG

CANOTXFG

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
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CANO (Motorola Scalable CAN - MSCAN)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 TXE2 | TXE1l | TXEO
0 0 0 0 0 TXEIE2 | TXEIEL | TXEIEO
0 0 0 0 0 | ABTRQ2 | ABTRQ1 | ABTRQO
0 0 0 0 0 ABTAK?2 | ABTAK1 | ABTAKO
0 0 0 0 0 TX2 TX1 TX0
0 0 DAML | IDAMO 0 IDHIT2 | IDHIT1 | IDHITO
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
RXERR7 | RXERR6 | RXERR5 | RXERR4 | RXERR3 | RXERR2 | RXERR1 | RXERRO
TXERR7 | TXERR6 | TXERR5 | TXERR4 | TXERR3 | TXERR2 | TXERR1 | TXERRO
AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
FOREGROUND RECEIVE BUFFER see (Table 1-2)
FOREGROUND TRANSMIT BUFFER see (Table 1-2)

Table 1-2 Detailed MSCAN Foreground Receive and Transmit Buffer Layout

Address

$xxx0

$xxx1

$xxx2

$xxx3

$xxx4-
$xxxB

Name
Extended ID
Standard ID
CANXRIDRO
Extended ID
Standard ID
CANXRIDR1
Extended ID
Standard ID
CANXRIDR2
Extended ID
Standard ID
CANXRIDR3

CANXRDSRO -

CANXRDSR7
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Read:
Read:
Write:
Read:
Read:
Write:
Read:
Read:
Write:
Read:
Read:
Write:
Read:
Write:

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
ID28 ID27 ID26 ID25 ID24 ID23 ID22 ID21
ID10 ID9 ID8 ID7 ID6 ID5 ID4 ID3
ID20 ID19 ID18 SRR=1 IDE=1 ID17 ID16 ID15
ID2 ID1 IDO RTR IDE=0

ID14 ID13 ID12 ID11 ID10 ID9 ID8 ID7
ID6 ID5 ID4 ID3 ID2 ID1 IDO RTR
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
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Table 1-2 Detailed MSCAN Foreground Receive and Transmit Buffer Layout

Address
$xxxC

$xxxD

$XXXE

$xxxF

$xx10

$xx11

$xx12

$xx13

$xx14-
$xx1B

$xx1C

$xx1D

$xx1E

$xx1F

$0180 -

Address
$0180

$0181

$0182

$0183

$0184

48

Name

CANRXDLR
Reserved
CANXRTSRH

CANXRTSRL

Extended ID
CANXTIDRO
Standard ID
Extended ID
CANXTIDR1
Standard ID
Extended ID
CANXTIDR2
Standard ID
Extended ID
CANXTIDR3
Standard ID

CANXTDSRO -
CANXTDSR7

CANXTDLR
CONXTTBPR
CANXTTSRH

CANXTTSRL

$01BF

Name

CAN1CTLO
CAN1CTL1
CAN1BTRO
CAN1BTR1

CAN1RFLG

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
DLC3 | DLC2 | DLC1 | DLCO

TSR15 | TSR14 | TSR13 | TSR12 | TSR1l | TSR10 [ TSR9 | TSR8
TSR7 | TSR6 | TSR5 | TSR4 | TSR3 | TSR2 | TSR1 | TSRO
ID28 ID27 ID26 ID25 ID24 ID23 ID22 ID21
ID10 ID9 ID8 ID7 ID6 ID5 ID4 ID3
ID20 ID19 ID18 | SRR=1 | IDE=1 | ID17 ID16 ID15
ID2 ID1 IDO RTR | IDE=0

ID14 ID13 ID12 ID11 ID10 ID9 ID8 ID7
ID6 ID5 ID4 ID3 ID2 ID1 IDO RTR
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

DLC3 | DLC2 | DLC1 | DLCO

PRIO7 | PRIO6 | PRIOS | PRIO4 | PRIO3 | PRIO2 | PRIO1 | PRIOO
TSR15 | TSR14 | TSR13 | TSR12 | TSR1l | TSR10 [ TSR9 | TSR8
TSR7 | TSR6 | TSR5 | TSR4 | TSR3 | TSR2 | TSR1 | TSRO
CAN1 (Motorola Scalable CAN - MSCAN)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
RXFRM o2CTt cswar FoNCH ) e | wupe | SLPRQ | INITRQ
CANE |CLKSRC| LOOPB | LISTEN 0 wupm |oEPAK L INITAK
SIW1 | SJWO | BRP5 | BRP4 | BRP3 | BRP2 | BRP1 | BRPO
SAMP | TSEG22 | TSEG21 | TSEG20 | TSEG13 | TSEG12 | TSEG11 | TSEG10
WUPIE | cscie LRSTATL | RSTATO | TSTATL [ TSTATO | |\ oo | oyr
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$0180 - $01BF

Address
$0185

$0186

$0187

$0188

$0189

$018A

$018B

$018C

$018D

$018E

$018F

$0190 -
$0193
$0194 -
$0197
$0198 -
$019B
$019C -
$019F
$01A0 -
$01AF
$01B0 -
$01BF

Name

CANIRIER
CANITFLG
CANITIER
CAN1TARQ

CAN1TAAK

CAN1TBSEL

CANL1IDAC

Reserved

Reserved

CAN1RXERR

CAN1TXERR

CANL1IDARO -
CAN1IDARS3

CAN1IDMRO -
CAN1IDMR3

CANL1IDAR4 -
CAN1IDAR7

CAN1IDMR4 -
CAN1IDMR7

CANORXFG

CANOTXFG

$01CO - $01FF

Address

$01CO -
$01FF

Name

Reserved

$0200 - $023F

Address

$020C -
$023F

Name

Reserved
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Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

Read:
Write:

Read:
Write:

Device User Guide — 9S12DT128DGV2/D V02.17

CAN1 (Motorola Scalable CAN - MSCAN)

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
WUPIE | CSCIE |RSTATE1|RSTATEO|TSTATEL|TSTATEO| OVRIE | RXFIE
0 0 0 0 0 TXE2 TXE1 TXEO
0 0 0 0 0 TXEIE2 | TXEIEL | TXEIEOQ
0 0 0 0 0 ABTRQ2 | ABTRQ1 | ABTRQO
0 0 0 0 0 ABTAK2 | ABTAK1 [ ABTAKO
0 0 0 0 0 TX2 TX1 TX0
0 0 DAML | IDAMO 0 IDHIT2 | IDHITL | IDHITO
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
RXERR7 | RXERR6 | RXERR5 | RXERR4 | RXERR3 | RXERR2 | RXERR1 | RXERRO
TXERR7 | TXERR6 | TXERRS5 | TXERR4 | TXERR3 | TXERR2 | TXERR1 | TXERRO
AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
FOREGROUND RECEIVE BUFFER see (Table 1-2)
FOREGROUND TRANSMIT BUFFER see (Table 1-2)
Reserved
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 0 0 0
Reserved
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 0 0 0
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$0240 - $027F

PIM (Port Integration Module)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
$0240 PTT \F;\fr 32 PTT7 PTT6 PTT5 PTT4 PTT3 PTT2 PTT1 PTTO
$0241 PTIT Refad: PTIT7 PTIT6 PTITS PTIT4 PTIT3 PTIT2 PTIT1 PTITO
Write:
$0242 DDRT \F;\frigf DDRT7 | DDRT7 | DDRT5 | DDRT4 | DDRT3 | DDRT2 | DDRT1 | DDRTO
$0243 RDRT \F;\frigf RDRT7 | RDRT6 | RDRT5 | RDRT4 | RDRT3 | RDRT2 | RDRT1 | RDRTO
$0244 PERT \F;\frigf PERT7 | PERT6 | PERT5 | PERT4 | PERT3 | PERT2 | PERT1 | PERTO
$0245 PPST \F;\fr 32 PPST7 | PPST6 | PPST5 | PPST4 | PPST3 | PPST2 | PPST1 | PPSTO
$0246 Reserved Ref"d: 0 0 0 0 0 0 0 0
Write:
$0247 Reserved Ref"d: 0 0 0 0 0 0 0 0
Write:
Read:
$0248 PTS Write: PTS7 PTS6 PTS5 PTS4 PTS3 PTS2 PTS1 PTSO
$0249 PTIS Refad: PTIS7 PTIS6 PTIS5 PTIS4 PTIS3 PTIS2 PTIS1 PTISO
Write:
$024A DDRS \F;\frigf DDRS7 | DDRS7 | DDRS5 | DDRS4 | DDRS3 | DDRS2 | DDRS1 | DDRSO
$024B RDRS \F;\frigf RDRS7 | RDRS6 | RDRS5 | RDRS4 | RDRS3 | RDRS2 | RDRS1 | RDRSO
$024C PERS \F;\frigf PERS7 | PERS6 | PERS5 | PERS4 | PERS3 | PERS2 | PERS1 | PERSO
$024D PPSS \F;\fr 32 PPSS7 | PPSS6 | PPSS5 | PPSS4 | PPSS3 | PPSS2 | PPSS1 | PPSSO
$024E WOMS \F;\frigf WOMS7 | WOMS6 | WOMS5 | WOMS4 | WOMS3 | WOMS2 | WOMS1 | WOMSO
$024F Reserved Ref"d: 0 0 0 0 0 0 0 0
Write:
Read:
$0250 PTM Write: PTM7 PTM6 PTM5 PTM4 PTM3 PTM2 PTM1 PTMO
$0251 PTIM Refad: PTIM7 PTIM6 PTIM5 PTIM4 PTIM3 PTIM2 PTIM1 PTIMO
Write:
$0252 DDRM \F;\frigf DDRM7 | DDRM7 | DDRM5 | DDRM4 | DDRM3 | DDRM2 | DDRM1 | DDRMO
$0253 RDRM \F;\frigf RDRM7 | RDRM6 | RDRM5 | RDRM4 | RDRM3 | RDRM2 | RDRM1 | RDRMO
$0254 PERM 5\22:5 PERM7 | PERM6 | PERM5 | PERM4 | PERM3 | PERM2 | PERM1 | PERMO
$0255 PPSM 5\22:5 PPSM7 | PPSM6 | PPSM5 | PPSM4 | PPSM3 | PPSM2 | PPSM1 | PPSMO
$0256 WOMM 5\22:5 WOMM7 | WOMM6 | WOMMS5 | WOMM4 | WOMM3 | WOMM2 | WOMM1 | WOMMO
Read: 0 0
$0257 MODRR Write: MODRR5|MODRR4|MODRR3|MODRR2|MODRR1|MODRRO
Read:
$0258 PTP Write: PTP7 PTP6 PTP5 PTP4 PTP3 PTP2 PTP1 PTPO
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$0240 - $027F
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PIM (Port Integration Module)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

5075 orip Read:| PTIP7 | PTIP6 | PTIP5 | PTIP4 | PTIP3 | PTIP2 | PTIPL | PTIPO
Write:

$025A DDRP \F;verig DDRP7 | DDRP7 | DDRP5 | DDRP4 | DDRP3 | DDRP2 | DDRP1 | DDRPO

$025B RDRP \F;verig RDRP7 | RDRP6 | RDRP5 | RDRP4 | RDRP3 | RDRP2 | RDRP1 | RDRPO

$025C PERP \F;verig PERP7 | PERP6 | PERP5 | PERP4 | PERP3 | PERP2 | PERP1 | PERPO

$025D PPSP \F;verig PPSP7 | PPSP6 | PPSP5 | PPSP4 | PPSP3 | PPSP2 | PPSP1 | PPSSO
Read:

$025E PIEP | PIEP7 | PIEPG | PIEPS | PIEP4 | PIEP3 | PIEP2 | PIEPL | PIEPO
Read:

$025F PIFP | PIFP7 | PIFP6 | PIFPS | PIFP4 | PIFP3 | PIFP2 | PIFPL | PIFPO
Read:

$0260 PTH G| PTH7 | PTHG | PTHS | PTH4 | PTH3 | PTH2 | PTHL | PTHO

s0261 - Read:| PTIH7 | PTIHG | PTIH5 | PTIH4 | PTIH3 | PTIH2 | PTIHL | PTIHO
Write:

$0262 DDRH \F;verig DDRH7 | DDRH7 | DDRH5 | DDRH4 | DDRH3 | DDRH2 | DDRH1 | DDRHO

$0263 RDRH \F;verig RDRH7 | RDRH6 | RDRH5 | RDRH4 | RDRH3 | RDRH2 | RDRH1 | RDRHO

$0264 PERH \F;verig PERH7 | PERH6 | PERH5 | PERH4 | PERH3 | PERH2 | PERH1 | PERHO

$0265 PPSH \F;verig PPSH7 | PPSH6 | PPSH5 | PPSH4 | PPSH3 | PPSH2 | PPSH1 | PPSHO
Read:

$0266 PIEH e | PIEH7 | PIEHG | PIEWS | PIEH4 | PIEH3 | PIEH2 | PIEHL | PIEHO
Read:

$0267 PIFH | PIFH7 | PIFHG | PIFHS | PIFH4 | PIFH3 | PIFH2 | PIFHL | PIFHO

$0268 PTJ Read:| ooy | prs 0 0 0 0 PTIL | PTJIO
Write:

50269 -— Read:|_PTI7_| PTIJ6 0 0 0 0 PTIJL | PTIJO
Write:

$026A DDRJ \F;verig DDRJ7 | DDRJ7 0 0 0 0 DDRJ1 | DDRJO

$026B RDRJ \F;verig RDRJ7 | RDRJ6 0 0 0 0 RDRJ1 | RDRJO

$026C PERJ \F;verig PERJ7 | PERJ6 0 0 0 0 PERJ1 | PERJO

$026D PPSJ \F;verig PPSJ7 | PPSJ6 0 0 0 0 PPSJ1 | PPSJO

$026E PIEJ Read:| o e97 | piEss 0 0 0 0 PIEJ1 | PIEJO
Write:

$026F PIFJ Read:! oy | piFgs 0 0 0 0 PIFJL | PIFJO
Write:

$0270- .~ Read| 0 0 0 0 0 0 0 0

$027F Write:
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$0280 -

Address
$0280

$0281

$0282

$0283

$0284

$0285

$0286

$0287

$0288

$0289

$028A

$028B

$028C

$028D

$028E

$028F

$0290 -
$0293

$0294 -
$0297
$0298 -
$029B

$029C -
$029F

$02A0 -
$02AF

$02B0 -
$02BF

52

$02BF

Name

CAN4CTLO
CAN4CTL1
CAN4BTRO
CAN4BTR1
CAN4RFLG
CAN4RIER
CANATFLG
CANA4TIER
CAN4TARQ
CAN4TAAK
CAN4TBSEL
CAN4IDAC
Reserved
Reserved
CAN4RXERR

CAN4TXERR

CANOIDARO -
CANOIDARS

CANOIDMRO -
CANOIDMR3

CANOIDAR4 -
CANOIDAR7

CANOIDMR4 -
CANOIDMR7

CAN4RXFG

CANATXFG

Read:

Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

Read:

Read:
Write:
Read:
Write:

CAN4 (Motorola Scalable CAN - MSCAN)

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
RXFRM XACT | cowar FSYNCH L rive | wuee | sLPro | INITRO
CANE |CLKSRC| LOOPB | LISTEN 0 wupMm |SEPAK | INITAK
SJW1 | SJWO | BRP5 | BRP4 | BRP3 | BRP2 | BRP1 | BRPO
SAMP | TSEG22 | TSEG21 | TSEG20 | TSEG13 | TSEG12 | TSEG11 | TSEG10
WUPIE | cscie RSTATL | RSTATO | TSTATL [ TSTATO [ oo | oyr
WUPIE | CSCIE |RSTATE1|RSTATEO| TSTATEL|TSTATEO| OVRIE | RXFIE
0 0 0 0 0 TXE2 | TXE1l | TXEO
0 0 0 0 0 TXEIE2 | TXEIEL | TXEIEO
0 0 0 0 O | ABTRQ2| ABTRQ1 | ABTRQO
0 0 0 0 0 ABTAK2 | ABTAK1 | ABTAKO
0 0 0 0 0 TX2 TX1 TX0
0 0 DAML | IDAMO 0 IDHIT2 | IDHIT1 | IDHITO
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
RXERR7 | RXERR6 | RXERR5 | RXERR4 | RXERR3 | RXERR2 | RXERR1 | RXERRO
TXERR7 | TXERR6 | TXERR5 | TXERR4 | TXERR3 | TXERR2 | TXERR1 | TXERRO
AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO

FOREGROUND RECEIVE BUFFER see (Table 1-2)

FOREGROUND TRANSMIT BUFFER see (Table 1-2)
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$02CO -

Address

$02C0 -
$02FF

$0300 -

Address
$0300

$0301

$0302

$0303

$0304

$0305

$0306

$0307

$0308

$0309

$030A

$030B

$030C

$030D

$030E

$030F

$0310

$0311

$0312

$0313

$0314

$02FF

Name

Reserved

$035F

Name

BFMCR
BFFSIZR
BFTCR1
BFTCR2
BFTCRS3
Reserved
BFRISR
BFGISR
BFRIER
BFGIER
BFRIVEC
BFTIVEC
BFFIDAC
BFFIDMR

BFMVR
Reserved

BFPCTLBF

Reserved
BFBUFLOCK

Reserved

BFFIDRJ

Freescale Semiconductor

Read:
Write:

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

Read:

Write:
Read:
Write:
Read:
Write:

Device User Guide — 9S12DT128DGV2/D V02.17

Reserved
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 0 0 0
Byteflight
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INITRQ |MASTER| ALARM SLPAK SLPRQ |WPULSE| SSWAI INITAK
0 0 0
FSIz4 | FSIz3 | FSIz2 | FSIz1 | FSIzo
TWXO0T7 | TWXO0T6 | TWXO0T5 | TWX0T4 | TWX0T3 | TWXO0T2 | TWXOT1 | TWX0TO
TWXOR7 | TWXOR6 | TWXOR5 | TWXO0R4 | TWXOR3 | TWXOR2 | TWXOR1 | TWXORO
TWXO0D7 | TWX0D6 | TWXO0D5 | TWX0D4 | TWX0D3 | TWXO0D2 | TWX0D1 | TWX0DO
0 0 0 0 0 0 0 0
RCVFIF | RXIE_| oyNAlF | SYNNIF | SLMMIF 0 XSYNIF | OPTDF
TXIF_| ovrniF | ERRIF | syNerr | synur | iepie FEQSKIP L wakeir
RCVFIE | RXIE | SYNAIE | SYNNIE | SLMMIE 0 XSYNIE 0
TXIE | OVRNIE | ERRIE | SYNEIE | SYNLIE | ILLPIE | LOCKIE | WAKEIE
0 0 0 0 RIVEC3 | RIVEC2 | RIVEC1 | RIVECO
0 0 0 0 TIVEC3 | TIVEC2 | TIVEC1 | TIVECO
FIDAC7 | FIDAC6 | FIDACS5 | FIDAC4 | FIDAC3 | FIDAC2 | FIDAC1 | FIDACO
FIDMR7 | FIDMR6 | FIDMR5 | FIDMR4 | FIDMR3 | FIDMR2 | FIDMR1 | FIDMRO
MVR7 | MVR6 | MVR5 | MVR4 | MVR3 | MVR2 | MVRL | MVRO
0 0 0 0 0 0 0 0
PMEREN 0 PSLMEN | PERREN | PROKEN | PSYNEN 0 BFEN
0 0 0 0 0 0 0 0
TXBUFL | RXBUFL
0 0 0 0 0 0 OCK OCK
0 0 0 0 0 0 0 0
FIDRJ7 | FIDRJ6 | FIDRJ5 | FIDRJ4 | FIDRJ3 | FIDRJ2 | FIDRJ1 | FIDRJO

53



Device User Guide — 9S12DT128DGV2/D V02.17

54

$0300 -

Address

$0315

$0316

$0317

$0318

$0319

$031A

$031B

$031C

$031D

$031E

$031F

$0320

$0321

$0322 -
$032D

$032E -
$032F

$0330

$0331

$0332 -
$033D

$033E-
$033F

$0340

$0341

$0342 -
$034D
$034E -
$034F
$0350 -
$035F

$035F

Name

BFFIDRMR

Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
BFTIDENT

BFTLEN

BFTDATAO-
BFTDATA11

Reserved
BFRIDENT

BFRLEN

BFRDATAO-
BFRDATA11

Reserved
BFFIDENT

BFFLEN

BFFDATAO-
BFFDATA11

Reserved

BFBUFCTLO -

Read:

Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
BFBUFCTL15 Write:

Byteflight
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
FIDRMR | FIDRMR | FIDRMR | FIDRMR | FIDRMR | FIDRMR | FIDRMR | FIDRMR
7 6 5 5 4 3 2 1
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO
LEN3 | LEN2 | LEN1 | LENO
DATA7 | DATA6 | DATA5 | DATA4 | DATA3 | DATA2 | DATAl | DATAO
ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO
LEN3 | LEN2 | LEN1 | LENO
DATA7 | DATA6 | DATA5 | DATA4 | DATA3 | DATA2 | DATAl | DATAO
ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO
LEN3 | LEN2 | LEN1 | LENO
DATA7 | DATA6 | DATA5 | DATA4 | DATA3 | DATA2 | DATAL | DATAO
IFLG IENA | LOCK 222K | ABTRQ 0 0 CFG
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$0360 - $03FF

Address

$0360 -
$03FF

Name

Reserved
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Reserved
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Read: 0 0 0 0 0 0 0 0
Write:

1.6 Part ID Assignments

The part ID islocated in two 8-bit registers PARTIDH and PARTIDL (addresses $001A and $001B after
reset). The read-only value isaunique part ID for each revision of the chip. (Table 1-3) showsthe
assigned part 1D number.

Table 1-3 Assigned Part ID Numbers

Device Mask Set Number Part ID?
MC9S12DT128 1L40K $0111
MC9S12DT128 3L40K $0113
MC9S12DT128 4L40K $0114
MC9S12DT128 OL94R $0110
MC9S12DT128 1L59W $0115
MC9S12DT128 5L40K $0115
MC9S12DT128 2L94R $0115

NOTES:

1. The coding is as follows:
Bit 15-12: Major family identifier
Bit 11-8: Minor family identifier

Bit 7-4: Major mask set revision humber including FAB transfers

Bit 3-0: Minor - non full - mask set revision

The device memory sizes are located in two 8-hit registers MEM SIZ0 and MEM SIZ1 (addresses $001C
and $001D after reset). Table 1-4 showsthe read-only values of these registers. Refer to HCS12 Module
Mapping Control (MMC) Block Guide for further details.

Freescale Semiconductor

Table 1-4 Memory size registers

Register name Value
MEMSIZ0 $13
MEMSIZ1 $80
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Section 2 Signal Description

This section describes signals that connect off-chip. It includes a pinout diagram, atable of signal
properties, and detailed discussion of signals. It is built from the signal description sections of the Block
User Guides of theindividual IP blocks on the device.

2.1 Device Pinout

The MC9S12DT128 and its derivatives are available in a 112-pin low profile quad flat pack (LQFP) and
in a80-pin quad flat pack (QFP). Most pins perform two or more functions, as described in the Signal
Descriptions. Figure 2-1, Figure 2-2, and Figure 2-3 show the pin assignmentsfor different packages.
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MOSI1/PWM1/KWP1/PP1 ] 3 8211 PAD15/AN15/ETRIG1
MISO1/PWMO/KWPO/PPO ] 4 8111 PAD07/ANO7/ETRIGO
XADDR17/PK3 ] 5 801 PAD14/AN14
XADDR16/PK2 ] 6 7911 PAD06/AN06
XADDR15/PK1 ] 7 7811 PAD13/AN13
XADDR14/PK0 ] 8 77 PAD05/ANO5
|0CO/PTOC] 9 7611 PAD12/AN12
I0C1/PT1 ] 10 751 PAD04/AN04
10C2/PT2 ] 11 74— PAD11/AN11
I0C3/PT3 [ 12 MC9S12DT128E, MC9S12DT128, MC9S12DG128E, 73 PADOJ/ANO3
VDD1C13 MC9S12DG128, MC9S12DJ128E, MC9S12DJ128, 721 PAD10/AN10
VST ] 14 MC9S12DB128, MC9S12A128, SC515846, SC515847, 71— PADO2/ANO2
I0CA/PTA (] 15 SC515848, SC515849, SC101161DT, SC101161DG, 1 PADDS/ANDS
I0CS/PTS L 16 SC101161DJ, SC102202, SC102203, SC102204, — PADO1/ANOT
10C6/PT6 ] 17 SC102205 68]—1 PAD08/ANO8
10C7/PT7 {18 112LQFP 671 PADOO/ANOO
XADDR19/PK5 ] 19 66 VSS2
XADDR18/PK4 ] 20 651 VDD2
KWJ1/PJ1 ] 21 641 PA7/ADDR15/DATA15
KWJ0/PJO ] 22 63— PA6/ADDR14/DATA14
MODC/TAGHI/BKGD ] 23 62] 1 PA5/ADDR13/DATA13
ADDRO/DATA0/PB0 (] 24 61— PA4/ADDR12/DATA12
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Signals shown in Bold are not available on all the 80 pin package options
Signals shown in Bold-Italics are not available on the MC9S12DJ128E, MC9S12DJ128, MC9S12DG128E, MC9S12DG128, MC9S12A128,

SC515847, SC515848, SC101161DG, SC101161DJ, SC102203, and SC102204 80 pin package options
Signals shown in /talics are not available on the MC9S12DB128, SC515846, and SC102202 80 pin package options

Figure 2-1 Pin assignments 112 LQFP for MC9S12DT128E, MC9S12DT128,

MC9S12DG128E, MC9S12DG128, MC9S12DJ128E, MC9S12DJ128, MC9S12DB128
MC9S12A128, SC515846, SC515847, SC515848, SC515849, SC101161DT, SC101161DG,
SC101161DJ, SC102202, SC102203, SC102204, and SC102205
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SS1/PWM3/KWP3/PP3
SCK1/PWM2/KWP2/PP2
MOSIH/PWM1/KWP1/PP1
MISO1/PWMO/KWPO/PPO
I0CO/PTO

I0C1/PTH

10C2/PT2

IOC3/PT3

VDD1

VSSt

|OC4/PT4

|0C5/PT5

|0C6/PT6

I0C7/PT7
MODC/TAGHI/BKGD
ADDRO/DATA0/PBO
ADDR1/DATA1/PB1
ADDR2/DATA2/PB2
ADDR3/DATA3/PB3
ADDR4/DATA4/PB4

Figure 2-2 Pin Assignments in 80 QFP for MC9S12DG128E, MC9S12DG128,
MC9S12DJ128E, MC9S12DJ128, MC9S12A128, SC515847, SC515848, SC101161DG,
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VRH

VDDA
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PADO6/AN06
PAD05/ANO5
PAD04/ANO4
PADO3/ANO3
PAD02/AN02
PADO1/ANO1
PADOO/ANOO

VSS2

vDD2
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PA6/ADDR14/DATA14
PAS/ADDR13/DATA13
PA4/ADDR12/DATA12
PA3/ADDR11/DATA11
PA2/ADDR10/DATA10
PA1/ADDRY/DATA9
PAO/ADDR8/DATA8

SC101161DJ, SC102203, and SC102204 Bondout
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Figure 2-3 Pin Assignments in 80 QFP for MC9S12DB128, SC515846, and SC102202
Bondout

2.2 Signal Properties Summary

(Table 2-1) summarizes the pin functionality. Signals shown in Bold are not available on all the 80-pin
package options. Signals shown in Bold-Italics are not available on the MC9S12DG128E,
MC9S12DG128, MC9S12DJ128E, MC9S12DJ128, MC9S12A 128, SC515847, SC515848,
SC101161DG, SC101161DJ, SC102203, and SC102204 80-pin package options. Signalsshownin Italics
are not available on MC9S12DB128, SC515846, and SC102202 80-pin package options.
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Internal Pull
Pin Name | Pin Name | Pin Name | Pin Name | Pin Name | Powered Resistor Description
Function 1| Function 2| Function 3 | Function 4 | Function 5 by Reset P
CTRL St
ate
EXTAL — — — — VDDPLL NA NA i )
Oscillator Pins
XTAL — — — — VDDPLL NA NA
RESET — — — — VDDR None None [External Reset
TEST — — — — N.A. None None | Test Input
VREGEN — — — — VDDX | NA Na | Voltage Regulator
Enable Input
XFC — — — — VDDPLL NA NA PLL Loop Filter
— Always Background Debug,
BKGD TAGHI MODC — — VDDR Up Up Tag High, Mode Input
Port AD Input,
PAD[15] AN1[7] ETRIGL — — VDDA | None | None |ANa0gInputs,
External Trigger
Input (ATD1)
Port AD Input,
PAD[14:8] AN1[6:0] — — — VDDA None None |Analog Inputs
(ATD1)
Port AD Input, Analog
PADI[7] ANOI[7] ETRIGO — — VDDA None None [Inputs, External
Trigger Input (ATDO)
. . Port AD Input, Analog
PADI6:0] ANO[6:0] — — — VDDA None None Inputs (ATDO)
Port A 1/0
ADDR[15:8]/ PUCR/ | . . ’
PA[7:0] ; — — — VDDR Disabled | Multiplexed
DATA[15:8] PUPAE Address/Data
Port B 1/0
ADDR[7:0)/ PUCR/ | . . ’
PB[7:0] ; — — — VDDR Disabled | Multiplexed
DATA[7:0] PUPBE Address/Data
e PUCR/ Mode Port E 1/O, Access
— — depen- ' '
PE7 NOACC XCLKS VDDR PUPEE p " | Clock Select
dant
) | Port E I/O, Pipe
PE6 IPIPE1 MODB — — VDDR While TESET PIN" | Status, Mode Input
ow:
Port E I/O, Pipe
- — Down '
PE5 IPIPEO MODA VDDR Status, Mode Input
PE4 ECLK . . . VDDR Port E 1/0, Bus Clock
Output
Mode Port E 1/0, Byt
PE3 LSTRB TAGLO — — VDDR depen- | oM =1, BY€
dantl Strobe, Tag Low
o PUCR/ Port E I/O, R/W in
PE2 RIW T T T VDDR 1 pypeE expanded modes
—_ Port E Input,
PEL IRQ T T T VDDR U Maskable Interrupt
p
== Port E Input, Non
PEO XIRQ T T T VDDR Maskable Interrupt
PH7 KWH7 — — VDDR TDEF;W Disabled | Port H I/O, Interrupt
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Internal Pull
Pin Name | Pin Name | Pin Name | Pin Name | Pin Name |Powered Resistor Description
Function 1| Function 2| Function 3 | Function 4 | Function 5 by Reset P
CTRL S
tate
PH6 KWH6 --- — — VDDR PERH/ Disabled | Port H I/O, Interrupt
PPSH
PH5 KWH5 — — VDDR PERH/ Disabled | Port H I/O, Interrupt
PPSH
PH4 KWH4 - — — VDDR PERH/ Disabled | Port H I/O, Interrupt
PPSH
—_— PERH/ . Port H I/O, Interrupt,
PH3 KWH3 SS1 — — VDDR | o, |Disabled |5 oo
PERH/ . Port H I/O, Interrupt,
PH2 KWH2 SCK1 — — VDDR PPSH Disabled SCK of SPI1
PERH/ . Port H I/O, Interrupt,
PH1 KWH1 MOSI1 — — VDDR PPSH Disabled MOSI of SPI1
PERH/ . Port H I/O, Interrupt,
PHO KWHO MISO1 — — VDDR | ,og,, |Disabled |\ oo won
PERJ/ Port J I/O, Interrupt,
PJ7 KWJ7 TXCAN4 SCL TXCANO VDDX PPSJ Up TX of CAN4, SCL of
1c
PERJ/ Port J I/O, Interrupt,
PJ6 KWJ6 RXCAN4 SDA RXCANO VDDX PPSJ Up RX of CAN4, SDA of
1c
PJ[1:0] KWJ[1:0] — — — VDDX IIDDIIEDF;‘\]]/ Up Port J I/O, Interrupts
S PUCR/ PortK 10,
PK7 ECS ROMCTL — — VDDX PUPKE Up Emulation Chip
Select, ROM Control
. XADDRJ[19: PUCR/ Port K 1/0, Extended
PK[5:0] 14] - - - VEDX ' pupke| YP | Addresses
PERM/ Port M 1/O, BF slot
PM7 BF_PSLM TXCAN4 — — VDDX Disabled | mismatch pulse, TX
PPSM
of CAN4
Port M I/0, BF illegal
PM6 BF_PERR | RXCAN4 — — vopx | PERM/ pigapjeq |PUlse/message
- PPSM format error pulse,
RX of CAN4
Port M I/O, BF
PERM/ . reception ok pulse,
PM5 BF_PROK TXCANO TXCAN4 SCKO VDDX PPSM Disabled TX of CANO, CAN4,
SCK of SPIO
Port M I/O, BF sync
PERM/ pulse (Rx/Tx) OK
PM4 BF_PSYN RXCANO RXCAN4 MOSIO VDDX PPSM Disabled | pulse o/p, RX of
CANO, CAN4, MOSI
of SPIO
PERM/ Port M 1/0, TX of BF,
PM3 TX_BF TXCAN1 TXCANO SSO VDDX Disabled | CAN1, CANO, SS of
PPSM
SPIO
PERM/ Port M 1/0O, RX of BF,
PM2 RX_BF RXCAN1 RXCANO MISOO0 VDDX Disabled | CAN1, CANO, MISO
PPSM of SPIO
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Internal Pull
Pin Name | Pin Name | Pin Name | Pin Name | Pin Name |Powered Resistor Description
Function 1| Function 2| Function 3 | Function 4 | Function 5 by Reset P
CTRL S
tate
PERM/ . Port M 1/O, TX of
PM1 TXCANO TXB — — VDDX PPSM Disabled CANO, RX of BDLC
PERM/ . Port M 1/0O, RX of
PMO RXCANO RXB — — VDDX PPSM Disabled CANO, RX of BDLC
PERP/ . Port P I/O, Interrupt,
PP7 KWP7 PWM7 — — VDDX PPSP Disabled Channel 7 of PWM
PERP/ . Port P I/O, Interrupt,
PP6 KWP6 PWM6 — — VDDX PPSP Disabled Channel 6 of PWM
PERP/ . Port P I/O, Interrupt,
PP5 KWP5 PWM5 — — VDDX PPSP Disabled Channel 5 of PWM
PERP/ . Port P I/O, Interrupt,
PP4 KWP4 PWM4 — — VDDX PPSP Disabled Channel 4 of PWM
PERP/ Port P I/O, Interrupt,
PP3 KWP3 PWM3 SS1 — VDDX Disabled | Channel 3 of PWM,
PPSP e
SS of SPI1
PERP/ Port P I/O, Interrupt,
PP2 KWP2 PWM2 SCK1 — VDDX PPSP Disabled | Channel 2 of PWM,
SCK of SPI1
PERP/ Port P I/O, Interrupt,
PP1 KWP1 PWM1 MOSI1 — VDDX PPSP Disabled | Channel 1 of PWM,
MOSI of SPI1
PERP/ Port P I/O, Interrupt,
PPO KWPO PWMO MISO1 — VDDX PPSP Disabled | Channel 0 of PWM,
MISO2 of SPI1
— PERS/ Port S I/O, SS of
PS7 SSO — — — VDDX PPSS Up SPI0
PERS/ Port S I/0, SCK of
PS6 SCKO — — — VDDX PPSS Up SPI0
PERS/ Port S 1/0, MOSI of
PS5 MOSIO — — — VDDX PPSS Up SPIO
PERS/ Port S 1/0, MISO of
PS4 MISOO0 — — — VDDX PPSS Up SPI0
PERS/ Port S I/O, TXD of
PS3 TXD1 — — — VDDX PPSS Up sciL
PERS/ Port S I/0, RXD of
PS2 RXD1 — — — VDDX PPSS Up sci1
PERS/ Port S I/O, TXD of
PS1 TXDO — — — VDDX PPSS Up SCI0
PERS/ Port S I/0, RXD of
PSO RXDO — — — VDDX PPSS Up SCIO
) ) PERT/ . Port T I/O, Timer
PT[7:0] 10C[7:0] — — — VDDX ppsT | Disabled | | ©
NOTES:

1. Refer to PEAR register description in HCS12 Multiplexed External Bus Interface (MEBI) Block Guide.
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2.3 Detailed Signal Descriptions

2.3.1 EXTAL, XTAL — Oscillator Pins

EXTAL and XTAL arethecrystal driver and external clock pins. Onreset all the device clocksare derived
from the EXTAL input frequency. XTAL isthe crystal output.

2.3.2 RESET — External Reset Pin

An active low bidirectional control signal, it acts as an input to initialize the MCU to a known start-up
state, and an output when an internal MCU function causes a reset.

2.3.3 TEST — Test Pin

Thisinput only pinisreserved for test.

NOTE: TheTEST pin must betied to VSSin all applications.
2.3.4 XFC — PLL Loop Filter Pin

PLL loop filter. Please ask your Freescale representative for the interactive application note to compute
PLL loop filter elements. Any current leakage on this pin must be avoided.

XFC
R 1
__ GCp
MCU
T
VDDPLL VDDPLL

Figure 2-4 PLL Loop Filter Connections

2.3.5 BKGD /TAGHI/ MODC — Background Debug, Tag High, and Mode Pin

The BKGD/TAGHI/MODC pinis used as a pseudo-open-drain pin for the background debug
communication. In MCU expanded modes of operation when instruction tagging is on, an input low on
this pin during the falling edge of E-clock tags the high half of the instruction word being read into the
instruction queue. It is used as a MCU operating mode select pin during reset. The state of thispinis
latched to the MODC bit at the rising edge of RESET. This pin has a permanently enabled pull-up device.
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2.3.6 PAD[15]/ AN1[7] / ETRIG1 — Port AD Input Pin [15]

PAD15 isageneral purpose input pin and analog input of the analog to digital converter ATD1. It can act
as an external trigger input for the ATD1.

2.3.7 PADJ[14:8] / AN1[6:0] — Port AD Input Pins [14:8]
PAD14 - PADS8 are general purpose input pins and analog inputs of the analog to digital converter ATD1.
2.3.8 PAD[7] / ANO[7] / ETRIGO — Port AD Input Pin [7]

PAD7 isageneral purpose input pin and analog input of the analog to digital converter ATDO. It can act
as an external trigger input for the ATDO.

2.3.9 PADI[6:0] / ANO[6:0] — Port AD Input Pins [6:0]
PADG - PADS8 are general purpose input pins and analog inputs of the analog to digital converter ATDO.
2.3.10 PA[7:0] / ADDRJ[15:8] / DATA[15:8] — Port A I/O Pins

PA7-PAOQ are general purpose input or output pins. In MCU expanded modes of operation, these pins are
used for the multiplexed external address and data bus.

2.3.11 PB[7:0] / ADDR[7:0] / DATA[7:0] — Port B I/O Pins

PB7-PBO0 are general purpose input or output pins. In MCU expanded modes of operation, these pins are
used for the multiplexed external address and data bus.

2.3.12 PE7/NOACC / XCLKS — Port EI/O Pin 7

PE7 isagenera purpose input or output pin. During MCU expanded modes of operation, the NOACC
signal, when enabled, is used to indicate that the current bus cycleisan unused or “free” cycle. Thissignal
will assert when the CPU is not using the bus.

The XCLKS isan input signal which controls whether a crystal in combination with the internal Colpitts
(low power) oscillator is used or whether Pierce oscillator/external clock circuitry isused. The state of this
pinislatched at the rising edge of RESET. If theinput isalogic low the EXTAL pinis configured for an
external clock drive. If input isalogic high an oscillator circuit isconfigured on EXTAL and XTAL. Since
thispinisan input with apull-up device during reset, if the pinisleft floating, the default configurationis
an oscillator circuit on EXTAL and XTAL.
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EXTAL T

Coc 1

MCU - G 1 Crystalor
—— ceramic resonator

XTAL T

VSSPLL

* Due to the nature of a translated ground Colpitts oscillator a
DC voltage bias is applied to the crystal

Please contact the crystal manufacturer for crystal DC
bias conditions and recommended capacitor value Cp.

Figure 2-5 Colpitts Oscillator Connections (PE7=1)

EXTAL o I
C;
Mcu Rs [] Crystalor
R —— ceramic resonator
XTAL . i i 3

VSSPLL

* Rs can be zero (shorted) when used with higher frequency crystals.
Refer to manufacturer's data.

Figure 2-6 Pierce Oscillator Connections (PE7=0)

EXTAL | «@———— CMOS-COMPATIBLE
EXTERNAL OSCILLATOR
(VDDPLL-Level)
MCU

XTAL not connected

Figure 2-7 External Clock Connections (PE7=0)

66 Freescale Semiconductor



Device User Guide — 9S12DT128DGV2/D V02.17
2.3.13 PE6/MODB / IPIPE1 — Port E I/O Pin 6

PEG6 is ageneral purpose input or output pin. It is used asa MCU operating mode select pin during reset.
The state of thispinislatched to the MODB bit at the rising edge of RESET. This pin is shared with the
instruction queuetracking signal IPIPEL. Thispinisan input with apull-down device whichisonly active
when RESET islow.

2.3.14 PE5/MODA /IPIPEO — Port EI/O Pin 5

PES isageneral purpose input or output pin. It isused asa MCU operating mode select pin during reset.
The state of this pin islatched to the MODA bit at the rising edge of RESET. This pin is shared with the
instruction queuetracking signal 1PIPEO. Thispinisan input with a pull-down device whichisonly active
when RESET islow.

2.3.15 PE4/ECLK — Port E I/0O Pin 4

PE4 isagenera purpose input or output pin. It can be configured to drive the internal bus clock ECLK.
ECLK can be used as atiming reference.

2.3.16 PE3/LSTRB /TAGLO — Port E I/O Pin 3

PE3 isageneral purpose input or output pin. In MCU expanded modes of operation, LSTRB can be used
for the low-byte strobe function to indicate the type of bus access and when instruction tagging ison,
TAGLO isused to tag the low half of the instruction word being read into the instruction queue.
2.3.17 PE2/R/W—TPort E I/O Pin 2

PE2 isageneral purpose input or output pin. In MCU expanded modes of operations, this pin drives the
read/write output signal for the external bus. It indicates the direction of data on the external bus.

2.3.18 PE1/IRQ — Port E Input Pin 1

PE1 isageneral purpose input pin and the maskable interrupt request input that provides a means of
applying asynchronous interrupt requests. Thiswill wake up the MCU from STOP or WAIT mode.

2.3.19 PEO/XIRQ — Port E Input Pin O

PEO isageneral purpose input pin and the non-maskabl e interrupt request input that provides a means of
applying asynchronous interrupt requests. This will wake up the MCU from STOP or WAIT mode.

2.3.20 PH7 /KWH7 — Port H I/O Pin 7

PH7 isageneral purposeinput or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode.
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2.3.21 PH6/KWH6 — Port H /O Pin 6

PH6 isageneral purposeinput or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode.

2.3.22 PH5/KWH5 — Port H /O Pin 5

PH5isageneral purposeinput or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode.

2.3.23 PH4 /KWH4 — Port H I/O Pin 2

PH4 isageneral purposeinput or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode.

2.3.24 PH3/KWH3/SS1 — Port HI/O Pin 3

PH3isageneral purposeinput or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as slave select pin SS of the Serial Peripheral Interface
1 (SPI1).

2.3.25 PH2 / KWH2 / SCK1 — Port H I/O Pin 2

PH2 isageneral purposeinput or output pin. It can be configured to generate an interrupt causing the MCU
toexit STOP or WAIT mode. It can be configured as serial clock pin SCK of the Serial Periphera Interface
1 (SPI1).

2.3.26 PH1/KWH1/MOSI1 — Port HI/O Pin 1

PH1isageneral purposeinput or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as master output (during master mode) or slave input
pin (during slave mode) MOSI of the Serial Peripheral Interface 1 (SPI1).

2.3.27 PHO/KWHO /MISO1 — Port HI/O Pin O

PHOisageneral purposeinput or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as master input (during master mode) or slave output
(during slave mode) pin M1SO of the Serial Peripheral Interface 1 (SPI1).

2.3.28 PJ7/KWJ7/ TXCAN4 /SCL / TXCANO — PORT J I/O Pin 7

PJ7 isagenera purposeinput or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as the transmit pin TXCAN for the Motorola Scalable
Controller Area Network controller 0 or 4 (CANO, CAN4) or the seria clock pin SCL of the 11C module.
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2.3.29 PJ6/KWJ6/RXCAN4 /SDA / RXCANO — PORT J I/O Pin 6

PJ6 isageneral purposeinput or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as the receive pin RXCAN for the Motorola Scalable
Controller Area Network controller O or 4 (CANO, CAN4) or the serial data pin SDA of the I[IC module.

2.3.30 PJ[1:0] / KWJ[1:0] — Port J I/O Pins [1:0]

PJ1 and PJO are general purpose input or output pins. They can be configured to generate an interrupt
causing the MCU to exit STOP or WAIT mode.

2.3.31 PK7/ECS/ROMCTL — Port K I/O Pin 7

PK7 isageneral purposeinput or output pin. During MCU expanded modes of operation, thispinis used
as the emulation chip select output (ECS). While configurating MCU expanded modes, this pin is used to
enable the Flash EEPROM memory in the memory map (ROMCTL). At therising edge of RESET, the
state of thispinislatched to the ROMON bit. For acomplete list of modes refer to 4.2 Chip
Configuration Summary.

2.3.32 PK][5:0] / XADDR[19:14] — Port K 1/0O Pins [5:0]

PK5-PKO are general purpose input or output pins. In MCU expanded modes of operation, these pins
provide the expanded address XADDR[19:14] for the external bus.

2.3.33 PM7 /BF_PSLM / TXCAN4 — Port M 1/O Pin 7

PM7 isagenera purpose input or output pin. It can be configured as the slot mismatch output pulse pin
of Byteflight. It can be configured as the transmit pin TXCAN of the Motorola Scalable Controller Area
Network controllers 4 (CAN4).

2.3.34 PM6/BF_PERR/RXCAN4 — Port M I/O Pin 6

PM6 isagenera purpose input or output pin. It can be configured as the illegal pulse or message format
error output pulse pin of Byteflight. It can be configured as the receive pin RXCAN of the Motorola
Scalable Controller Area Network controllers 4 (CAN4).

2.3.35 PM5/BF_PROK / TXCANO / TXCAN4 / SCKO — Port MI/O Pin 5

PM5 isageneral purposeinput or output pin. It can be configured as the reception OK output pulse pin of
Byteflight. It can be configured as the transmit pin TXCAN of the Motorola Scalable Controller Area

Network controllers0 or 4 (CANO or CAN4). It can be configured asthe serial clock pin SCK of the Serial
Peripheral Interface O (SPI0).
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2.3.36 PM4/BF_PSYN/RXCANO/RXCAN4/ MOSIO — Port M I/O Pin 4

PM4 isagenera purpose input or output pin. It can be configured as the correct synchronisation pulse
reception/transmission output pulse pin of Byteflight. It can be configured as the receive pin RXCAN of
the Motorola Scalable Controller Area Network controllers 0 or 4 (CANO or CAN4). It can be configured
as the master output (during master mode) or slave input pin (during slave mode) MOSI for the Serial
Peripheral Interface O (SPI0).

2.3.37 PM3/TX_BF/TXCAN1/TXCANO/SSO — Port M I/0O Pin 3

PM3isagenera purposeinput or output pin. It can be configured asthe transmit pinTX_BF of Byteflight.
It can be configured as the transmit pin TXCAN of the Motorola Scalable Controller Area Network
controllers 1 or 0 (CAN1 or CANO). It can be configured asthe slave select pin SS of the Serial Peripheral
Interface O (SP10).

2.3.38 PM2/RX_BF/RXCAN1/RXCANO/MISOO — Port M 1/O Pin 2
PM2isageneral purpose input or output pin. It can be configured asthe receive pin RX_BF of Byteflight.
It can be configured as the receive pin RXCAN of the Motorola Scalable Controller Area Network
controllers1 or 0 (CAN1 or CANO). It can be configured asthe master input (during master mode) or slave
output pin (during slave mode) MI1SO for the Serial Peripheral Interface 0 (SPI0).

2.3.39 PM1/TXCANO/TXB — Port M I/O Pin 1

PM1isagenera purpose input or output pin. It can be configured as the transmit pin TXCAN of the
Motorola Scalable Controller Area Network controller 0 (CANO). It can be configured as the transmit pin
TXB of the BDLC.

2.3.40 PMO/RXCANO/RXB — Port MI/OPIin 0

PMO isagenera purpose input or output pin. It can be configured as the receive pin RXCAN of the
Motorola Scalable Controller Area Network controller 0 (CANO). It can be configured as the receive pin
RXB of the BDLC.

2.3.41 PP7/KWP7/PWM7 — Port P I/O Pin 7

PP7 isageneral purposeinput or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as Pulse Width Modulator (PWM) channel 7 output.

2.3.42 PP6/KWP6 / PWM6 — Port P I/O Pin 6

PP6 isageneral purposeinput or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as Pulse Width Modulator (PWM) channel 6 output.
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2.3.43 PP5/KWP5/PWM5 — Port P I/O Pin 5

PP5 isageneral purposeinput or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as Pulse Width Modulator (PWM) channel 5 output.

2.3.44 PP4 | KWP4 /PWM4 — Port P I/O Pin 4

PP4 isageneral purposeinput or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as Pulse Width Modulator (PWM) channel 4 output.

2.3.45 PP3/KWP3/PWM3/SS1— Port P I/O Pin 3

PP3isageneral purposeinput or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as Pulse Width Modulator (PWM) channel 3 output. It
can be configured as slave select pin SS of the Seria Peripheral Interface 1 (SPI1).

2.3.46 PP2/KWP2/PWM2/SCK1— Port P I/O Pin 2

PP2 isageneral purposeinput or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as Pulse Width Modulator (PWM) channel 2 output. 1t
can be configured as serial clock pin SCK of the Serial Peripheral Interface 1 (SPI1).

2.3.47 PP1/KWP1/PWM1/MOSI1—Port PI/OPin1

PPl isageneral purposeinput or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as Pulse Width Modulator (PWM) channel 1 output. It
can be configured as master output (during master mode) or slave input pin (during slave mode) MOSI of
the Serial Peripheral Interface 1 (SPI1).

2.3.48 PPO/KWPO/PWMO /MISO1 — Port PI/OPin 0

PPO isageneral purposeinput or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as Pulse Width Modulator (PWM) channel 0 output. It
can be configured as master input (during master mode) or slave output (during slave mode) pin M1SO of
the Serial Peripheral Interface 1 (SPI1).

2.3.49 PS7/SS0— Port S1/0Pin7

PS7 is ageneral purpose input or output pin. It can be configured as the slave select pin SS of the Serial
Peripheral Interface O (SPI0).

2.3.50 PS6/SCKO — Port S1/0O Pin 6

PS6 isageneral purpose input or output pin. It can be configured asthe serial clock pin SCK of the Serial
Peripheral Interface O (SPI0).
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2.3.51 PS5/MOSI0O — Port SI/OPin 5

PS5 isagenera purposeinput or output pin. It can be configured as master output (during master mode)
or slave input pin (during slave mode) MOSI of the Serial Periphera Interface 0 (SPI0).

2.3.52 PS4/ MISO0 — Port SI/O Pin 4

PS4 isagenera purpose input or output pin. It can be configured as master input (during master mode) or
slave output pin (during slave mode) MOSI of the Serial Peripheral Interface 0 (SPI0).

2.3.53 PS3/TXD1 — Port S1/0O Pin 3

PS3 isagenera purposeinput or output pin. It can be configured as the transmit pin TXD of Serial
Communication Interface 1 (SCI1).

2.3.54 PS2/RXD1— Port SI/0O Pin 2

PS2 isagenera purpose input or output pin. It can be configured as the receive pin RXD of Serial
Communication Interface 1 (SCI1).

2.3.55 PS1/TXD0O — Port SI1/OPin 1

PS1 isagenera purposeinput or output pin. It can be configured as the transmit pin TXD of Serial
Communication Interface 0 (SCIO0).

2.3.56 PSO0/RXD0O — Port S1/O Pin O

PS0 isagenera purpose input or output pin. It can be configured as the receive pin RXD of Serial
Communication Interface 0 (SCIO0).

2.3.57 PT[7:0]/10C[7:0] — Port T I/O Pins [7:0]

PT7-PTO are general purpose input or output pins. They can be configured as input capture or output
compare pins |OC7-10CO0 of the Enhanced Capture Timer (ECT).

2.4 Power Supply Pins

MC9S12DT128 power and ground pins are described below.

Table 2-2 MC9S12DT128 Power and Ground Connection Summary
Pin Number | Nominal
112-pin QFp| Voltage
vDD1, 2 13, 65 2.5V
VSS1, 2 14, 66 ov

Mnemonic

Description

Internal power and ground generated by internal regulator
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.| Pin Number | Nominal —
Mnemonic Description
112-pin QFP| Voltage P

VDDR 41 5.0V | External power and ground, supply to pin drivers and internal

VSSR 40 ov voltage regulator.

VDDX 107 5.0v o

External power and ground, supply to pin drivers.

VSSX 106 ov

VDDA 83 5.0V Operating voltage and ground for the analog-to-digital
converters and the reference for the internal voltage regulator,

VSSA 86 ov allows the supply voltage to the A/D to be bypassed
independently.

VRL 85 ov .

Reference voltages for the analog-to-digital converter.
VRH 84 5.0v
VDDPLL 43 2.5V Provides operating voltage and ground for the Phased-Locked
Loop. This allows the supply voltage to the PLL to be
VSSPLL 45 oV bypassed independently. Internal power and ground
generated by internal regulator.
VREGEN 97 5v Internal Voltage Regulator enable/disable

NOTE: All VSSpins must be connected together in the application.
2.4.1 VDDX,VSSX — Power & Ground Pins for I/O Drivers

External power and ground for /O drivers. Because fast signal transitions place high, short-duration
current demands on the power supply, use bypass capacitors with high-frequency characteristicsand place
them as close to the MCU as possible. Bypass requirements depend on how heavily the MCU pins are
loaded.

2.4.2 VDDR, VSSR — Power & Ground Pins for I/O Drivers & for Internal
Voltage Regulator

External power and ground for I/O drivers and input to the internal voltage regulator. Because fast signal
transitions place high, short-duration current demands on the power supply, use bypass capacitors with
high-frequency characteristics and place them as close to the MCU as possible. Bypass requirements
depend on how heavily the MCU pins are loaded.

2.4.3 VDD1, VDD2, VSS1, VSS2 — Internal Logic Power Supply Pins

Power is supplied to the MCU through VDD and VSS. Because fast signal transitions place high,
short-duration current demands on the power supply, use bypass capacitors with high-frequency
characteristics and place them as close to the MCU as possible. This 2.5V supply is derived from the
internal voltage regulator. Thereis no static load on those pins allowed. The internal voltage regulator is
turned off, if VREGEN istied to ground.

NOTE: No load allowed except for bypass capacitors.
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2.4.4 VDDA, VSSA — Power Supply Pins for ATD and VREG
VDDA, VSSA are the power supply and ground input pins for the voltage regulator and the analog to

digital converter. It also provides the reference for the internal voltage regulator. This allows the supply
voltage to the ATD and the reference voltage to be bypassed independently.

2.4.5 VRH, VRL — ATD Reference Voltage Input Pins

VRH and VRL are the reference voltage input pins for the analog to digital converter.

2.4.6 VDDPLL, VSSPLL — Power Supply Pins for PLL

Provides operating voltage and ground for the Oscillator and the Phased-L ocked Loop. This allows the

supply voltage to the Oscillator and PLL to be bypassed independently.This 2.5V voltage is generated by
the internal voltage regulator.

NOTE: No load allowed except for bypass capacitors.

2.4.7 VREGEN — On Chip Voltage Regulator Enable

Enablesthe internal 5V to 2.5V voltage regulator. If thispinistied low, VDD1,2 and VDDPLL must be
supplied externally.
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3.1 Overview
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The Clock and Reset Generator providestheinternal clock signalsfor the core and all peripheral modul es.
Figure 3-1 showsthe clock connections from the CRG to all modules.

Consult the CRG Block User Guide for details on clock generation.

EXTAL
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HCS12 CORE
o (oo ][
core clock -
——P
Flash
-
— RAM
P
EEPROM
-
P ECT
P ATDO, 1
bus clock ,—> il
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oscillator clock ® | SPIO, 1
P
CANO, 1, 4
-
— IC
S BDLC
— PIM
e
BF
L

Figure 3-1 Clock Connections
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Section 4 Modes of Operation

4.1 Overview

Eight possible modes determine the operating configuration of the MC9S12DT128. Each mode has an
associated default memory map and external bus configuration controlled by a further pin.

Three low power modes exist for the device.

4.2 Chip Configuration Summary

The operating mode out of reset isdetermined by the states of theMODC, MODB, and MODA pinsduring
reset ((Table 4-1)). The MODC, MODB, and MODA bitsin the MODE register show the current
operating mode and provide limited mode switching during operation. The states of the MODC, MODB,
and MODA pins are latched into these bits on the rising edge of the reset signal. The ROMCTL signal
allows the setting of the ROMON bit in the MI1SC register thus controlling whether the internal Flashis
visible in the memory map. ROMON = 1 mean the Flash is visible in the memory map. The state of the
ROMCTL pinislatched into the ROMON bit in the MISC register on the rising edge of the reset signal.

Table 4-1 Mode Selection

BKGD = PEG6 = PES5 = PK7 = ROMON oo
MODC | MODB | MODA |ROMCTL | Bit Mode Description
Special Single Chip, BDM allowed and ACTIVE. BDM is
0 0 0 X 1 allowed in all other modes but a serial command is
required to make BDM active.
0 1
0 0 1 1 5 Emulation Expanded Narrow, BDM allowed
0 1 0 X 0 Special Test (Expanded Wide), BDM allowed
0 1
0 1 1 1 5 Emulation Expanded Wide, BDM allowed
1 0 0 X 1 Normal Single Chip, BDM allowed
0 0
1 0 1 1 1 Normal Expanded Narrow, BDM allowed
Special Peripheral; BDM allowed but bus operations
1 1 0 X 1 .
would cause bus conflicts (must not be used)
0 0
1 1 1 1 1 Normal Expanded Wide, BDM allowed

For further explanation on the modesrefer to the HCS12 Multiplexed External Bus Interface Block Guide.

Table 4-2 Clock Selection Based on PE7

PE7 = XCLKS Description
1 Colpitts Oscillator selected
0 Pierce Oscillator/external clock selected
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Table 4-3 Voltage Regulator VREGEN

VREGEN Description
1 Internal Voltage Regulator enabled

Internal Voltage Regulator disabled, VDD1,2 and

0 VDDPLL must be supplied externally with 2.5V

4.3 Security
The device will make available a security feature preventing the unauthorized read and write of the
memory contents. This feature allows:

» Protection of the contents of FLASH,

» Protection of the contents of EEPROM,

* Operation in single-chip mode, No BDM possible

*  Operation from external memory with internal FLASH and EEPROM disabled.

The user must be reminded that part of the security must lie with the user’s code. An extreme example
would be user’ s code that dumps the contents of the internal program. This code would defeat the purpose
of security. At the same time the user may also wish to put aback door in the user’ s program. An example
of thisisthe user downloads a key through the SCI which allows access to a programming routine that
updates parameters stored in EEPROM.

4.3.1 Securing the Microcontroller

Once the user has programmed the FLASH and EEPROM (if desired), the part can be secured by
programming the security bits located in the FLASH module. These non-volatile bits will keep the part
secured through resetting the part and through powering down the part.

The security byte residesin a portion of the Flash array.

Check the Flash Block User Guide for more details on the security configuration.
4.3.2 Operation of the Secured Microcontroller

4.3.2.1 Normal Single Chip Mode

Thiswill bethe most common usage of the secured part. Everything will appear the same asif the part was
not secured with the exception of BDM operation. The BDM operation will be blocked.

4.3.2.2 Executing from External Memory

The user may wish to execute from external space with a secured microcontroller. Thisis accomplished
by resetting directly into expanded mode. The internal FLASH and EEPROM will be disabled. BDM
operations will be blocked.
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4.3.3 Unsecuring the Microcontroller

In order to unsecure the microcontroller, the internal FLASH and EEPROM must be erased. This can be
done through an external program in expanded mode or via a.sequence of BDM commands. Unsecuring
isalso possible viathe Backdoor Key Access. Refer to Flash Block Guide for details.

Once the user has erased the FLASH and EEPROM, the part can be reset into specia single chip mode.
Thisinvokes aprogram that verifiesthe erasure of theinternal FLASH and EEPROM. Once this program
completes, the user can erase and program the FL A SH security bitsto the unsecured state. Thisisgenerally
done through the BDM, but the user could aso change to expanded mode (by writing the mode bits
through the BDM) and jumping to an external program (again through BDM commands). Note that if the
part goes through areset before the security bits are reprogrammed to the unsecure state, the part will be
secured again.

4.4 Low Power Modes

The microcontroller features three main low power modes. Consult the respective Block User Guide for
information on the module behavior in Stop, Pseudo Stop, and Wait Mode. An important source of
information about the clock system isthe Clock and Reset Generator User Guide (CRG).

4.4.1 Stop

Executing the CPU STOP instruction stops all clocks and the oscillator thus putting the chip in fully static
mode. Wake up from this mode can be done viareset or external interrupts.

4.4.2 Pseudo Stop

This mode is entered by executing the CPU STOP instruction. In this mode the oscillator is still running
and the Real Time Interrupt (RTI) or Watchdog (COP) sub module can stay active. Other peripherals are
turned off. This mode consumes more current than the full STOP mode, but the wake up time from this
mode is significantly shorter.

4.4.3 Wait

Thismode is entered by executing the CPU WAL instruction. In this mode the CPU will not execute
instructions. Theinternal CPU signals (address and databus) will befully static. All peripheralsstay active.
For further power consumption the peripherals can individually turn off their local clocks.

444 Run

Although thisisnot alow power mode, unused peripheral modules should not be enabled in order to save
power.
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Section 5 Resets and Interrupts

5.1 Overview

Consult the Exception Processing section of the CPU Reference Manual for information on resets and

interrupts.
5.2 Vectors

5.2.1 Vector Table

(Table 5-1) listsinterrupt sources and vectors in default order of priority.

Table 5-1 Interrupt Vector Locations

Vector Address Interrupt Source l\(/:IaCsFIi Local Enable HE)RIIE(l)e\\//:tIge
$FFFE, $FFFF Reset None None -
$FFFC, $FFFD Clock Monitor fail reset None COPCTL (CME, FCME) -
$FFFA, $SFFFB COP failure reset None COP rate select -
$FFF8, $FFF9 Unimplemented instruction trap None None -
$FFF6, $SFFF7 SWI None None -
$FFF4, $FFF5 XIRQ / BF High Priority Sync Pulse X-Bit None / BFRIER (XSYNIE) -
$FFF2, $FFF3 IRQ I-Bit INTCR (IRQEN) $F2
$FFFO, $FFF1 Real Time Interrupt I-Bit CRGINT (RTIE) $FO
$FFEE, $FFEF Enhanced Capture Timer channel 0 I-Bit TIE (COI) $EE
$FFEC, $FFED Enhanced Capture Timer channel 1 I-Bit TIE (C1lI) $EC
$FFEA, $FFEB Enhanced Capture Timer channel 2 I-Bit TIE (C2I) $EA
$FFES, $FFE9 Enhanced Capture Timer channel 3 I-Bit TIE (C3l) $E8
$FFES6, $FFE7 Enhanced Capture Timer channel 4 I-Bit TIE (CA4l) $E6
$FFE4, $FFE5S Enhanced Capture Timer channel 5 I-Bit TIE (C5I) $E4
$FFE2, $FFE3 Enhanced Capture Timer channel 6 I-Bit TIE (Cé6l) $E2
$FFEO, $FFE1 Enhanced Capture Timer channel 7 I-Bit TIE (C7I) $EO
$FFDE, $FFDF Enhanced Capture Timer overflow I-Bit TSCR2 (TOF) $DE
$FFDC, $FFDD Pulse accumulator A overflow I-Bit PACTL (PAQOVI) $DC
$FFDA, $FFDB Pulse accumulator input edge I-Bit PACTL (PAl) $DA
$FFD8, $FFD9 SPIO I-Bit SPICRL1 (SPIE, SPTIE) $D8
$FFD6, $FFD7 SCI0 I-Bit (TIE, T?:(I:I;CSIZE ILIE) $D6
$FFD4, $FFD5 SCI1 I-Bit (TIE, T?:%CEIZE ILIE) $D4
$FFD2, $FFD3 ATDO I-Bit ATDCTL2 (ASCIE) $D2
$FFDO, $FFD1 ATD1 I-Bit ATDCTL2 (ASCIE) $D0
$FFCE, $FFCF Port J I-Bit (PIEJ7, PIEJPGI,E;IEJl, PIEJO) $CE
$FFCC, $FFCD Port H I-Bit PIEH (PIEH7-0) $CC
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$FFCA, $FFCB Modulus Down Counter underflow I-Bit MCCTL (MCZl) $CA
$FFC8, $FFC9 Pulse Accumulator B Overflow I-Bit PBCTL (PBOVI) $C8
$FFC6, $FFC7 CRG PLL lock I-Bit PLLCR (LOCKIE) $C6
$FFC4, $FFC5 CRG Self Clock Mode I-Bit PLLCR (SCMIE) $C4
$FFC2, $FFC3 BDLC I-Bit DLCBCRL1 (IE) $C2
$FFCO, $FFC1 IIC Bus I-Bit IBCR (IBIE) $CO
$FFBE, $FFBF SPI1 I-Bit SPICRL1 (SPIE, SPTIE) $BE
$FFBC, $FFBD Reserved

$FFBA, $FFBB EEPROM I-Bit ECNFG (CCIE, CBEIE) $BA
$FFB8, $FFB9 FLASH I-Bit FCNFG (CCIE, CBEIE) $B8
$FFB6, $FFB7 CANO wake-up I-Bit CANRIER (WUPIE) $B6
$FFB4, $FFB5 CANO errors I-Bit CANRIER (CSCIE, OVRIE) $B4
$FFB2, $FFB3 CANO receive I-Bit CANRIER (RXFIE) $B2
$FFBO, $FFB1 CANO transmit I-Bit CANTIER (TXEIE[2:0]) $BO
$FFAE, $FFAF CAN1 wake-up I-Bit CANRIER (WUPIE) $AE
$FFAC, $FFAD CANL errors I-Bit CANRIER (CSCIE, OVRIE) $AC
$FFAA, $FFAB CANL receive I-Bit CANRIER (RXFIE) $AA
$FFA8, $FFA9 CANL1 transmit I-Bit CANTIER (TXEIE[2:0]) $A8
$FFAG, SFFA7 BF Receive FIFO not empty I-Bit BFRIER (RCVFIE) $A6
$FFA4, $FFAS BF receive I-Bit BFBUFCTL[15:0] (IENA) $A4
$FFA2, $FFA3 BF Synchronization I-Bit | BFRIER (SYNAIE, SYNNIE) $A2

BFBUFCTL[15:0] (IENA),
BFGIER (OVRNIE, ERRIE,
$FFAOQ, $FFAL BF general I-Bit SYNEIE, SYNLIE, ILLPIE, $A0
LOCKIE, WAKEIE)
BFRIER (SLMMIE)

$FF98, $FFIF Reserved

$FF96, $FF97 CAN4 wake-up I-Bit CANRIER (WUPIE) $96
$FF94, $FF95 CAN4 errors I-Bit CANRIER (CSCIE, OVRIE) $94
$FF92, $FF93 CAN4 receive I-Bit CANRIER (RXFIE) $92
$FF90, $FFI1 CAN4 transmit I-Bit CANTIER (TXEIE[2:0]) $90
$FF8E, $FF8F Port P Interrupt I-Bit PIEP (PIEP7-0) $8E
$FF8C, $FF8D PWM Emergency Shutdown I-Bit PWMSDN (PWMIE) $8C
illzllzgg e Reserved

5.3 Effects of Reset

When areset occurs, MCU registers and control bits are changed to known start-up states. Refer to the
respective module Block User Guides for register reset states.

5.3.1 I/O pins

Refer to the HCS12 Multiplexed External Bus Interface (MEBI) Block Guide for mode dependent pin
configuration of port A, B, E and K out of reset.

Refer to the PIM Block User Guide for reset configurations of all peripheral module ports.
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NOTE: For devicesassembled in 80-pin QFP packages all non-bonded out pins should be
configured as outputs after reset in order to avoid current drawn from floating
inputs. Refer to Table 2-1 for affected pins.
5.3.2 Memory

Refer to Table 1-1 for locations of the memories depending on the operating mode after reset.
The RAM array is not automatically initialized out of reset.
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Section 1 Introduction

1.1 Overview

The ATD_10B8C is an 8-channel, 10-bit, multiplexed input successive approximation analog-to-digital
converter. Refer to device electrical specificationsfor ATD accuracy.

The block is designed to be upwards compatible with the 68HC11 standard 8-bit A/D converter. In
addition, there are new operating modes that are unique to the HC12 design.

1.2 Features

» 8/10 Bit Resolution.

e 7usec, 10-Bit Single Conversion Time.

» Sample Buffer Amplifier.

* Programmable Sample Time.

» Left/Right Justified, Signed/Unsigned Result Data.
» Externa Trigger Control.

e Conversion Completion Interrupt Generation.

* Anaog Input Multiplexer for 8 Analog Input Channels.
* Anaog/Digita Input Pin Multiplexing.

* 1to 8 Conversion Sequence Lengths.

» Continuous Conversion Mode.

* Multiple Channel Scans.

1.3 Modes of Operation

1.3.1 Conversion modes

There is software programmabl e selection between performing single or continuous conversion on a
single channel or multiple channels.

1.3.2 MCU Operating Modes

* Stop Mode
Entering Stop Mode causes all clocks to halt and thus the system is placed in a minimum power
standby mode. This aborts any conversion sequencein progress. During recovery from Stop Mode,
there must be a minimum delay for the Stop Recovery Time tgg before initiating anew ATD
conversion sequence.
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Wait Mode

Entering Wait Mode the ATD conversion either continues or aborts for low power depending on
the logical value of the AWAIT bhit.

Freeze Mode

In FreezeModethe ATD_10B8C will behave according to thelogical values of the FRZ1 and FRZ0
bits. Thisis useful for debugging and emulation.

1.4 Block Diagram

AN2 / PAD2 X—
AN1/ PAD1 X—
ANO / PADO X—
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Bus Clock > Clock ATD clock
Prescaler l
ggnmvpﬁf{fﬂnempt Mode and Timing Control ——
¢ Results
VRHKX » Successive v A0
VRL X » Approximation s
ATD 3
VDDA X—> Register (SAR) AIDS
VSSA X ggg
AN7 /| PAD7 X— -0 ATD7
ANG6 / PAD6 X— -0 N
ANS 7PADS - Sample & Hold
AN4 | PAD4 X— -0
AN3 / PAD3 X— _./'/‘_ | |2 *—/ﬁrl>—> -
| o Comparator
_.
0

10

v

Analog

ATD Input Enable Register

MUX

Port AD Data Register

Figure 1-1 ATD_10B8C Block Diagram
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Section 2 Signal Description

2.1 Overview
The ATD_10B8C has atotal of 12 external pins.
2.2 Detailed Signal Descriptions

2.2.1 AN7/ETRIG / PAD7

This pin serves as the analog input Channel 7. It can be configured to provide an external trigger for the

ATD conversion. It can be configured as digital port pin.

2.2.2 ANG6 / PADG6

This pin serves as the analog input Channel 6. It can be configured as digital port pin.

2.2.3 AN5/PADS5

This pin serves as the analog input Channel 5. It can be configured as digital port pin.

2.2.4 AN4 /PAD4

This pin serves as the analog input Channel 4. It can be configured as digital port pin.

2.2.5 AN3/PAD3

This pin serves as the analog input Channel 3. It can be configured as digital port pin.

2.2.6 AN2/PAD2

This pin serves as the analog input Channel 2. It can be configured as digital port pin.

2.2.7 AN1/PAD1

This pin serves as the analog input Channel 1. It can be configured as digital port pin.

2.2.8 ANO/PADO

This pin serves as the analog input Channel 0. It can be configured as digital port pin.
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2.2.9 VRH, VRL

VRH isthe high reference voltage and VRL isthe low reference voltage for ATD conversion.

2.2.10 VDDA, VSSA

These pins are the power supplies for the analog circuitry of the ATD_10B8C block.
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Section 3 Memory Map and Register Definition

3.1 Overview
This section provides a detailed description of all registers accessible inthe ATD_10B8C.

3.2 Module Memory Map

Table 3-1 givesan overview on all ATD_10B8C registers.
Table 3-1 Module Memory Map

Ag%rst-:és{s Use Access
$_00 ATD Control Register 0 (ATDCTLO)* R
$ 01 ATD Control Register 1 (ATDCTL1)? R
$ 02 ATD Control Register 2 (ATDCTL2) R/W
$ 03 ATD Control Register 3 (ATDCTL3) R/W
$_04 ATD Control Register 4 (ATDCTL4) R/W
$ 05 ATD Control Register 5 (ATDCTL5) R/W
$ 06 ATD Status Register 0 (ATDSTATO) R/W
$_07 Unimplemented
$ 08 ATD Test Register 0 (ATDTEST0)3 R
$_09 ATD Test Register 1 (ATDTEST1) R/W
$ 0A Unimplemented
$ 0B ATD Status Register 1 (ATDSTAT1) | R
$ 0C Unimplemented
$_0D ATD Input Enable Register (ATDDIEN) | R/W
$ OE Unimplemented
$_OF Port Data Register (PORTAD) R
$ 10,$_11 ATD Result Register 0 (ATDDROH, ATDDROL) RIW
$ 12,%$ 13 ATD Result Register 1 (ATDDR1H, ATDDR1L) RIW
$ 14,$ 15 ATD Result Register 2 (ATDDR2H, ATDDR2L) R/W
$ 16,$_17 ATD Result Register 3 (ATDDR3H, ATDDR3L) RIW
$ 18, % 19 ATD Result Register 4 (ATDDR4H, ATDDRA4L) RIW
$ 1A, $ 1B ATD Result Register 5 (ATDDR5H, ATDDR5L) R/W
$ 1C,$_1D ATD Result Register 6 (ATDDR6H, ATDDR6L) RIW
$ 1E,$ 1F ATD Result Register 7 (ATDDR7H, ATDDR7L) RIW
NOTES:

1. ATDCTLO is intended for factory test purposes only.
2. ATDCTLL1 is intended for factory test purposes only.
3. ATDTESTO is intended for factory test purposes only.

NOTE: Register Address= Base Address + Address Offset, where the Base Addressis
defined at the MCU level and the Address Offset is defined at the module level.
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3.3 Register Descriptions
This section describes in address order all the ATD_10B8C registers and their individual bits.

3.3.1 Reserved Register (ATDCTLO)

$_00
7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0

W
RESET: 0 0 0 0 0 0 0 0

|:| = Unimplemented or Reserved

Figure 3-1 Reserved Register (ATDCTLO)

Read: always read $00 in normal modes

Write: unimplemented in normal modes

3.3.2 Reserved Register (ATDCTL1)

$_ 01
7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0
W
RESET: 0 0 0 0 0 0 0 0

[ ] =Unimplemented or Reserved

Figure 3-2 Reserved Register (ATDCTL1)

Read: always read $00 in normal modes

Write: unimplemented in normal modes

NOTE: Writing to thisregisters when in special modes can alter functionality.

3.3.3 ATD Control Register 2 (ATDCTL?2)

Thisregister controls power down, interrupt and external trigger. Writesto this register will abort current
conversion sequence but will not start a new sequence.
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$_02
7 6 5 4 3 2 1 0
\Tv ADPU AFFC AWAI | ETRIGLE | ETRIGP | ETRIGE | ASCIE |—oCF
RESET: 0 0 0 0 0 0 0 0
[ ] =uUnimplemented or Reserved
Figure 3-3 ATD Control Register 2 (ATDCTL?2)
Read: anytime

Write: anytime

ADPU — ATD Power Up

This bit provides on/off control over the ATD_10B8C block allowing reduced MCU power
consumption. Because analog electronic is turned off when powered down, the ATD requires a
recovery time period after ADPU bit is enabled.

1 =Normal ATD functionality

0 = Power down ATD

AFFC — ATD Fast Flag Clear Al
1 = Changes all ATD conversion complete flagsto a fast clear sequence. Any accessto aresult
register will cause the associate CCF flag to clear automatically.
0 = ATD flag clearing operates normally (read the status register ATDSTAT1 before reading the
result register to clear the associate CCF flag).

AWAI| — ATD Power Down in Wait Mode

When entering Wait Mode this bit provides on/off control over the ATD_10B8C block allowing
reduced MCU power. Because analog electronic is turned off when powered down, the ATD requires
arecovery time period after exit from Wait mode.
1 = Halt conversion and power down ATD during Wait mode
After exiting Wait mode with aninterrupt conversion will resume. But dueto the recovery time
the result of this conversion should be ignored.
0 =ATD continues to run in Wait mode

ETRIGLE — External Trigger Level/Edge Control
This bit controls the sensitivity of the external trigger signal. See Table 3-2 for details.

ETRIGP — External Trigger Polarity
This bit controls the polarity of the external trigger signal. See Table 3-2 for details.
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Table 3-2 External Trigger Configurations

ETRIGLE | ETRIGP EXtSeérr‘]";"itiT\fi'?yger
0 0 falling edge
0 1 rising edge
1 0 low level
1 1 high level

ETRIGE — External Trigger Mode Enable

This bit enables the external trigger on ATD channel 7. The external trigger allows to synchronize
sample and ATD conversions processes with external events.

1 = Enable external trigger

0 = Disable external trigger

NOTE: Theconversion resultsfor the external trigger ATD channel 7 have no meaning
while external trigger mode is enabled.

ASCIE — ATD Sequence Complete Interrupt Enable
1=ATD Interrupt will be requested whenever ASCIF=1 is set.
0 = ATD Sequence Complete interrupt requests are disabled.

ASCIF — ATD Sequence Complete Interrupt Flag

If ASCIE=1 the ASCIF flag equals the SCF flag (see 3.3.7), else ASCIF reads zero. Writes have no
effect.

1 = ATD sequence complete interrupt pending

0 =No ATD interrupt occurred

3.3.4 ATD Control Register 3 (ATDCTL3)

Thisregister controls the conversion sequence length, FIFO for results registers and behavior in Freeze
Mode. Writes to this register will abort current conversion sequence but will not start a new sequence.

$ 03
7 6 5 4 3 2 1 0
\Tv 0 s8C s4ac s2c siC FIFO FRZ1 FRZO
RESET: 0 0 1 0 0 0 0 0
|:| = Unimplemented or Reserved
Figure 3-4 ATD Control Register 3 (ATDCTL3)
Read: anytime

Write: anytime
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S8C, HAC, S2C, S1C — Conversion Sequence Length

These hits control the number of conversions per sequence. Table 3-3 shows all combinations. At
reset, SAC is set to 1 (sequence length is 4). Thisisto maintain software continuity to HC12 family.

Table 3-3 Conversion Sequence Length Coding

ssc | s4ac s2C s1c N“m%%rr "Sfegﬂg‘éires'ons
0 0 0 0 8
0 0 0 1 1
0 0 1 0 2
0 0 1 1 3
0 1 0 0 2
0 1 0 1 5
0 1 1 0 6
0 1 1 1 7
1 X X X 8

FIFO — Result Register FIFO Mode

If this bit is zero (non-FIFO mode), the A/D conversion results map into the result registers based on
the conversion sequence; the result of thefirst conversion appearsin thefirst result register, the second
result in the second result register, and so on.

If this bit is one (FIFO mode) the conversion counter is not reset at the beginning or ending of a
conversion sequence; sequential conversion results are placed in consecutive result registers. In a
continuously scanning conversion sequence, the result register counter will wrap around when it
reaches the end of the result register file. The conversion counter value (CC2-0in ATDSTATO) can
be used to determine where in the result register file, the current conversion result will be placed.
Aborting a conversion or starting a new conversion by writeto an ATDCTL register (ATDCTL5-0)
clearsthe conversion counter even if FIFO=1. So thefirst result of anew conversion sequence, started
by writing to ATDCTL5, will always be place in thefirst result register (ATDDDRO). Intended usage
of FIFO mode is continuos conversion (SCAN=1) or triggered conversion (ETRIG=1).

Which result registers hold valid data can be tracked using the conversion complete flags. Fast flag
clear mode may or may not be useful in a particular application to track valid data.
1 = Conversion results are placed in consecutive result registers (wrap around at end).
0 = Conversion results are placed in the corresponding result register up to the selected sequence
length.

FRZ1, FRZ0 — Background Debug Freeze Enable

When debugging an application, it is useful in many casesto have the ATD pause when a breakpoint
(Freeze Mode) is encountered. These 2 bits determine how the ATD will respond to a breakpoint as
shown in Table 3-4. Leakage onto the storage node and comparator reference capacitors may
compromise the accuracy of an immediately frozen conversion depending on the length of the freeze
period.
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Table 3-4 ATD Behavior in Freeze Mode (breakpoint)

FRZ1 FRZO0 Behavior in Freeze mode
0 0 Continue conversion
0 1 Reserved
1 0 Finish current conversion, then freeze
1 1 Freeze Immediately

3.3.5 ATD Control Register 4 (ATDCTLA4)

Thisregister selectsthe conversion clock frequency, the length of the second phase of the sampletime and
the resolution of the A/D conversion (i.e.: 8-bits or 10-bits). Writesto this register will abort current
conversion sequence but will not start a new sequence.

$_04
7 6 5 4 3 2 1 0
\Tv SRESS8 SMP1 SMPO PRS4 PRS3 PRS2 PRS1 PRS0
RESET: 0 0 0 0 0 1 0 1
|:| = Unimplemented or Reserved
Figure 3-5 ATD Control Register 4 (ATDCTL4)
Read: anytime

Write: anytime

SRES8 — A/D Resolution Select

This bit selects the resolution of A/D conversion results as either 8 or 10 bits. The A/D converter has
an accuracy of 10 bits; however, if low resolution is required, the conversion can be speeded up by
selecting 8-bit resolution.

1 = 8 hit resolution

0 = 10 bit resolution

SMP1, SMPO — Sample Time Select

These two bits select the length of the second phase of the sample timein units of ATD conversion
clock cycles. Notethat the ATD conversion clock periodisitself afunction of the prescaler value (bits
PR$4-0). The sampletime consists of two phases. Thefirst phaseistwo ATD conversion clock cycles
long and transfers the sample quickly (viathe buffer amplifier) onto the A/D machine's storage node.
The second phase attaches the external analog signal directly to the storage node for final charging and
high accuracy. Table 3-5 lists the lengths available for the second sample phase.
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Table 3-5 Sample Time Select

SMP1 SMPO Length of 2nd phase of sample time
0 0 2 A/D conversion clock periods
0 1 4 A/D conversion clock periods
1 0 8 A/D conversion clock periods
1 1 16 A/D conversion clock periods

PR$4, PRS3, PRS2, PRS1, PRSO— ATD Clock Prescaler

These 5 bits are the binary value prescaler value PRS. The ATD conversion clock frequency is calculated

asfollows:

ATDclock =

[BusClock]
[PRS+1] < 0°

Note that the maximum ATD conversion clock frequency is haf the Bus Clock. The default (after reset)
prescaler value is 5 which results in adefault ATD conversion clock frequency that is Bus Clock divided

by 12. Table 3-6 illustrates the divide-by operation and the appropriate range of the Bus Clock.
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Table 3-6 Clock Prescaler Values

Total Divisor

Prescale Value Value Max. Bus Clock?! Min. Bus Clock?
00000 divide by 2 4 MHz 1 MHz
00001 divide by 4 8 MHz 2 MHz
00010 divide by 6 12 MHz 3 MHz
00011 divide by 8 16 MHz 4 MHz
00100 divide by 10 20 MHz 5 MHz
00101 divide by 12 24 MHz 6 MHz
00110 divide by 14 28 MHz 7 MHz
00111 divide by 16 32 MHz 8 MHz
01000 divide by 18 36 MHz 9 MHz
01001 divide by 20 40 MHz 10 MHz
01010 divide by 22 44 MHz 11 MHz
01011 divide by 24 48 MHz 12 MHz
01100 divide by 26 52 MHz 13 MHz
01101 divide by 28 56 MHz 14 MHz
01110 divide by 30 60 MHz 15 MHz
01111 divide by 32 64 MHz 16 MHz
10000 divide by 34 68 MHz 17 MHz
10001 divide by 36 72 MHz 18 MHz
10010 divide by 38 76 MHz 19 MHz
10011 divide by 40 80 MHz 20 MHz
10100 divide by 42 84 MHz 21 MHz
10101 divide by 44 88 MHz 22 MHz
10110 divide by 46 92 MHz 23 MHz
10111 divide by 48 96 MHz 24 MHz
11000 divide by 50 100 MHz 25 MHz
11001 divide by 52 104 MHz 26 MHz
11010 divide by 54 108 MHz 27 MHz
11011 divide by 56 112 MHz 28 MHz
11100 divide by 58 116 MHz 29 MHz
11101 divide by 60 120 MHz 30 MHz
11110 divide by 62 124 MHz 31 MHz
11111 divide by 64 128 MHz 32 MHz

NOTE:

1. Maximum ATD conversion clock frequency is 2MHz. The maximum allowed Bus Clock frequency is shown in this column.
2. Minimum ATD conversion clock frequency is 500KHz. The minimum allowed Bus Clock frequency is shown in this column.

3.3.6 ATD Control Register 5 (ATDCTL5)

Thisregister selectsthetype of conversion sequence and the anal og input channels sampled. Writesto this
register will abort current conversion sequence and start a new conversion sequence.

20 @ MOTOROLA



ATD_10B8C Block User Guide — V02.12

$ 05
7 6 5 4 3 2 1 0
\;RV DJM DSGN SCAN MULT 0 CcC CB CA
RESET: 0 0 0 0 0 0 0 0

[ ] =uUnimplemented or Reserved

Figure 3-6 ATD Control Register 5 (ATDCTL5)

Read: anytime
Write: anytime

DJM — Result Register Data Justification

This bit controls justification of conversion datain the result registers. See 3.3.13 ATD Conversion
Result Registers (ATDDRHx/ATDDRLX) for details.

1 = Right justified data in the result registers

0 = Left justified datain the result registers

DSGN — Result Register Data Signed or Unsigned Representation

This bit selects between signed and unsigned conversion data representation in the result registers.
Signed datais represented as 2's complement. Signed data is not available in right justification. See
3.3.13 ATD Conversion Result Registers (ATDDRHx/ATDDRLXx) for details.

1 = Signed data representation in the result registers

0 = Unsigned data representation in the result registers

Table 3-7 summarizes the result data formats available and how they are set up using the control bits.

Table 3-8 illustrates the difference between the signed and unsigned, left justified output codes for an
input signal range between 0 and 5.12 Volts.

Table 3-7 Available Result Data Formats

Result Data Formats

SRES8 DIM DSGN Description and Bus Bit Mapping
1 0 0 8-bit / left justified / unsigned - bits 8-15
1 0 1 8-hit / left justified / signed - bits 8-15
1 1 X 8-bit / right justified / unsigned - bits 0-7
0 0 0 10-hbit / left justified / unsigned - bits 6-15
0 0 1 10-bit / left justified / signed - bits 6-15
0 1 X 10-bit / right justified / unsigned - bits 0-9
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Table 3-8 Left Justified, Sighed and Unsigned ATD Output Codes.

Input Signal Signed Unsigned Sighed Unsigned

Vrl =0 Volts 8-Bit 8-Bit 10-Bit 10-Bit

Vrh =5.12 Volts Codes Codes Codes Codes
5.120 Volts TF FF 7FCO FFCO
5.100 TF FF 7F00 FFOO
5.080 7E FE 7E00 FEOO
2.580 01 81 0100 8100
2.560 00 80 0000 8000
2.540 FF 7F FFOO 7F00
0.020 81 01 8100 0100
0.000 80 00 8000 0000

SCAN — Continuous Conversion Sequence Mode

This bit selects whether conversion sequences are performed continuously or only once.
1 = Continuous conversion sequences (scan mode)
0 = Single conversion sequence

MULT — Multi-Channel Sample Mode

When MULT is0, the ATD sequence controller samples only from the specified anal og input channel
for an entire conversion sequence. The analog channel is selected by channel selection code (control
bits CC/CB/CA located in ATDCTL5). When MULT is 1, the ATD sequence controller samples
across channels. The number of channels sampled is determined by the sequence length value (S8C,
SHAC, S2C, S1C). Thefirst analog channel examined isdetermined by channel selection code (CC, CB,
CA control bits); subsequent channels sampled in the sequence are determined by incrementing the
channel selection code.

1 = Sample across several channels

0 = Sample only one channel

CC, CB, CA — Anaog Input Channel Select Code

These bits sel ect the anal og input channel (s) whose signal s are sampled and converted to digital codes.
Table 3-9 lists the coding used to select the various analog input channels. In the case of single
channel scans (MULT=0), this selection code specified the channel examined. In the case of
multi-channel scans (MULT=1), this selection code represents the first channel to be examined in the
conversion sequence. Subsequent channels are determined by incrementing channel selection code;
selection codes that reach the maximum value wrap around to the minimum value.

Table 3-9 Analog Input Channel Select Coding

cc | o | o Arglog
0 0 0 ANO
0 0 1 AN1
0 1 0 AN2
0 1 1 AN3
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Table 3-9 Analog Input Channel Select Coding

cc | o | o s
1 0 0 AN4
1 0 1 AN5
1 1 0 AN6
1 1 1 AN7

3.3.7 ATD Status Register 0 (ATDSTATO)

Thisread-only register contains the Sequence Complete Flag, overrun flags for external trigger and FIFO
mode, and the conversion counter.

$ 06
7 6 5 4 3 2 1 0
\}7\/ SCF 0 ETORF FIFOR 0 cc2 ccl CcCo
RESET: 0 0 0 0 0 0 0 0
[ ] =Unimplemented or Reserved
Figure 3-7 ATD Status Register 0 (ATDSTATO)
Read: anytime

Write: anytime (No effect on (CC2, CC1, CCQ))

SCF — Sequence Complete Flag

Thisflag is set upon completion of a conversion sequence. If conversion sequences are continuously
performed (SCAN=1), the flag is set after each one is completed. Thisflag is cleared when one of the
following occurs:
A) Write“1” to SCF
B) Writeto ATDCTL5 (anew conversion sequence is started)
C) If AFFC=1 and read of aresult register

1 = Conversion sequence has completed

0 = Conversion sequence not completed

ETORF — External Trigger Overrun Flag

Whilein edgetrigger mode (ETRIGLE=0), if additional active edges are detected while a conversion
sequenceisin process the overrun flag is set. Thisflag is cleared when one of the following occurs:
A) Write“1” to ETORF
B) Writeto ATDCTL2, ATDCTL3 or ATDCTL4 (a conversion sequence is aborted)
C) Writeto ATDCTLS5 (anew conversion sequence is started)

1 = External trigger over run error has occurred
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0 = No External trigger over run error has occurred

FIFOR - FIFO Over Run Flag.

This bit indicates that aresult register has been written to before its associated conversion complete
flag (CCF) has been cleared. Thisflag is most useful when using the FIFO mode because the flag
potentially indicates that result registers are out of sync with the input channels. However, it isalso
practical for non-FIFO modes, and indicates that a result register has been over written before it has
been read (i.e. the old data has been lost). Thisflag is cleared when one of the following occurs:
A) Write“1” to FIFOR
B) Start a new conversion sequence (writeto ATDCTL5 or external trigger)

1 = Anover run condition exists

0 = No over run has occurred

CC2, CC1, CCO — Conversion Counter

These 3 read-only bits are the binary value of the conversion counter. The conversion counter points
to theresult register that will receive the result of the current conversion. E.g. CC2=1, CC1=1, CC0=0
indicates that the result of the current conversion will bein ATD Result Register 6. If in non-FIFO
mode (FIFO=0) the conversion counter isinitialized to zero at the begin and end of the conversion
sequence. If in FIFO mode (FIFO=1) the register counter is not initialized. The conversion counters
wraps around when its maximum value is reached.

Aborting a conversion or starting a new conversion by writeto an ATDCTL register (ATDCTL5-0)
clears the conversion counter even if FIFO=1.

3.3.8 Reserved Register (ATDTESTO)

$_08
7 6 5 4 3 2 1 0
R U U U U U U U U

W
RESET: 1 0 0 0 0 0 0 0

[ ] =Unimplemented or Reserved

Figure 3-8 Reserved Register (ATDTESTO)

Read: anytime, returns unpredictable values

Write: anytime in special modes, unimplemented in normal modes

NOTE: Writing to thisregisters when in special modes can alter functionality.
3.3.9 ATD Test Register 1 (ATDTEST1)

Thisregister contains the SC bit used to enable specia channel conversions.
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$_09
7 6 5 4 3 2 1 0
R U ) 0 0 0 0 0
W SC
RESET: 0 0 0 0 0 0 0 0

[ ] =uUnimplemented or Reserved

Figure 3-9 ATD Test Register 1 (ATDTEST1)

Read: anytime, returns unpredictable values for Bit7 and Bit6
Write: anytime

SC - Specia Channel Conversion Bit

If thisbit is set, then special channel conversion can be selected using CC, CB and CA of ATDCTLS.
Table 3-10 lists the coding.

1 = Special channel conversions enabled

0 = Specia channel conversions disabled

NOTE: Alwayswriteremaining bitsof ATDTEST1 (Bit7 to Bitl) zero when writing SC bit.
Not doing so might result in unpredictable ATD behavior.

Table 3-10 Special Channel Select Coding

sc cc CB CA Analog Input
1 0 X X Reserved
1 1 0 0 VRH
1 1 0 1 VRL
1 1 1 0 (VRu*VRL) / 2
1 1 1 1 Reserved

3.3.10 ATD Status Register 1 (ATDSTAT1)

This read-only register contains the Conversion Complete Flags.
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$_0B
7 6 5 4 3 2 1 0
R CCF7 CCF6 CCF5 CCF4 CCF3 CCF2 CCF1 CCF0
W
RESET: 0 0 0 0 0 0 0 0
|:| = Unimplemented or Reserved
Figure 3-10 ATD Status Register 1 (ATDSTAT1)
Read: anytime

Write: anytime, no effect

CCFx — Conversion Complete Flag x (x=7,6,5,4,3,2,1,0)

A conversion complete flag is set at the end of each conversion in a conversion sequence. The flags
are associated with the conversion position in a sequence (and also the result register number).
Therefore, CCFO is set when the first conversion in a sequence is complete and the result is available
inresult register ATDDRO; CCF1is set when the second conversion in asequence is complete and the
result isavailablein ATDDR1, and so forth. A flag CCFx (x=7,6,5,4,3,2,1,0) is cleared when one of
the following occurs:
A) Writeto ATDCTLS5 (anew conversion sequence is started)
B) If AFFC=0 and read of ATDSTAT1 followed by read of result register ATDDRXx
C) If AFFC=1 and read of result register ATDDRXx

1 = Conversion number x has completed, result ready in ATDDRX

0 = Conversion number x not completed

3.3.11 ATD Input Enable Register (ATDDIEN)

$_0D
7 6 5 4 3 2 1 0
\Tv IEN7 IEN6 IEN5 IEN4 IEN3 IEN2 IEN1 IENO
RESET: 0 0 0 0 0 0 0 0
|:| = Unimplemented or Reserved
Figure 3-11 ATD Input Enable Register (ATDDIEN)
Read: anytime

Write: anytime

IENXx — ATD Digital Input Enable on channel x (x=7, 6,5, 4, 3, 2,1, 0)

This bit controls the digital input buffer from the analog input pin (ANX) to PTADX data register.
1 = Enable digital input buffer to PTADX.
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0 = Disable digital input buffer to PTADX

NOTE:  Setting thisbit will enable the corresponding digital input buffer continuously. If
this bit is set while simultaneously using it as an analog port, thereis potentially
increased power consumption because the digital input buffer maybe in the linear
region.

3.3.12 Port Data Register (PORTAD)

The digital port pins are shared with the analog A/D inputs AN7-0.

$ OF
7 6 5 4 3 2 1 0
R PTAD7 PTADG6 PTADS PTAD4 PTAD3 PTAD2 PTAD1 PTADO
W
RESET: 1 1 1 1 1 1 1 1
Pin
Func- AN7 ANG6 AN5 AN4 AN3 AN2 AN1 ANO

tion

|:| = Unimplemented or Reserved

Figure 3-12 Port Data Register (PORTAD)

Read: anytime
Write: anytime, no effect

PTADx — A/D Channel x (ANXx) Digita Input (x=7,6,5,4,3,2,1,0)

If the digital input buffer on the ANX pinisenabled (IENx=1) read returnsthelogic level on ANX pin
(signal potentials not meeting VIL or VIH specifications will have an indeterminate value)).

If the digital input buffers are disabled (IENx=0), read returnsa“1”.
Reset setsal PORTAD bitsto “1”.

3.3.13 ATD Conversion Result Registers (ATDDRHx/ATDDRLX)

The A/D conversion results are stored in 8 read-only result registers ATDDRHx/ATDDRLX. The result
datais formatted in the result registers based on two criteria. First thereisleft and right justification; this
selection is made using the DIM control bit in ATDCTL5. Second there is signed and unsigned data; this
selection is made using the DSGN control bit in ATDCTL5. Signed datais stored in 2’ s complement
format and only existsin left justified format. Signed data selected for right justified format is ignored.

Read: anytime

Write: anytime, no effect in normal modes
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3.3.13.1 Left Justified Result Data

$_10=ATDDROH, $_12 = ATDDR1H, $_14 = ATDDR2H, $_16 = ATDDR3H
$_18 = ATDDR4H, $_1A = ATDDR5H, $_1C = ATDDR6H, $_1E = ATDDR7H

7 6 5 4 3 2 1 0

R BIT 9 MSB BIT 8 BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 10-bit data

w BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO 8-bit data
RESET: 0 0 0 0 0 0 0 0

[ ] =uUnimplemented or Reserved

Figure 3-13 Left Justified, ATD Conversion Result Register, High Byte (ATDDRxH)

$_11=ATDDROL, $_13 = ATDDRI1L, $_15=ATDDR2L, $ 17 = ATDDR3L
$_19=ATDDRA4L, $_1B = ATDDRS5L, $_1D = ATDDR6L, $_1F = ATDDR7L

7 6 5 4 3 2 1 0

R BIT 1 BITO 0 0 0 0 0 0 10-bit data

w U U 0 0 0 0 0 0 8-bit data
RESET: 0 0 0 0 0 0 0 0

[ ] =unimplemented or Reserved

Figure 3-14 Left Justified, ATD Conversion Result Register, Low Byte (ATDDRXL)

3.3.13.2 Right Justified Result Data

$_10=ATDDROH, $_12 = ATDDR1H, $_14 = ATDDR2H, $ 16 = ATDDR3H
$_18 = ATDDR4H, $_1A = ATDDR5H, $_1C = ATDDR6H, $_1E = ATDDR7H

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 BIT 9 MSB BIT 8 10-bit data

w 0 0 0 0 0 0 0 0 8-bit data
RESET: 0 0 0 0 0 0 0 0

[ ] =unimplemented or Reserved

Figure 3-15 Right Justified, ATD Conversion Result Register, High Byte (ATDDRxH)
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$_11=ATDDROL, $_13 = ATDDRI1L, $_15=ATDDR2L, $_17 = ATDDR3L
$_19=ATDDRA4L, $_1B = ATDDR5L, $_1D = ATDDR6L, $_1F = ATDDR7L

7 6 5 4 3 2 1 0

R BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BIT O 10-bit data

w BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O 8-bit data
RESET: 0 0 0 0 0 0 0 0

|:| = Unimplemented or Reserved
Figure 3-16 Right Justified, ATD Conversion Result Register, Low Byte (ATDDRxL)
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Section 4 Functional Description

4.1 General

The ATD_10B8C is structured in an analog and a digital sub-block.

4.2 Analog Sub-block

The analog sub-block contains al analog electronics required to perform a single conversion. Separate
power supplies VDDA and V SSA allow to isolate noise of other MCU circuitry from the anal og sub-block.

4.2.1 Sample and Hold Machine

The Sample and Hold (S/H) Machine accepts analog signals from the external surroundings and stores
them as capacitor charge on a storage node.

The sample process uses a two stage approach. During the first stage, the sample amplifier is used to
quickly charge the storage node.The second stage connects the input directly to the storage node to
complete the sample for high accuracy.

When not sampling, the sample and hold machine disablesitsown clocks. The anal og electronics still draw
their quiescent current. The power down (ADPU) bit must be set to disable both the digital clocks and the
analog power consumption.

The input analog signals are unipolar and must fall within the potential range of VSSA to VDDA.
4.2.2 Analog Input Multiplexer

The analog input multiplexer connects one of the 8 external analog input channels to the sample and hold
machine.

4.2.3 Sample Buffer Amplifier

The sample amplifier is used to buffer the input analog signal so that the storage node can be quickly
charged to the sample potential.

4.2.4 Analog-to-Digital (A/D) Machine

The A/D Machine performs analog to digital conversions. Theresolution is program selectable at either 8
or 10 bits. The A/D machine uses a successive approximation architecture. It functions by comparing the
stored anal og sample potential with aseriesof digitally generated anal og potentials. By following abinary
search agorithm, the A/D machine locates the approximating potential that is nearest to the sampled
potential.
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When not converting the A/D machine disables its own clocks. The analog el ectronics still draws
quiescent current. The power down (ADPU) bit must be set to disable both the digital clocks and the
analog power consumption.

Only analog input signals within the potential range of Vg to Vg (A/D reference potentials) will result
in anon-railed digital output codes.

4.3 Digital Sub-block

This subsection explains some of the digital featuresin more detail. Seeregister descriptionsfor all details.
4.3.1 External Trigger Input (ETRIG)

The external trigger feature allows the user to synchronize ATD conversions to the external environment
eventsrather than relying on software to signal the ATD module when ATD conversions areto take place.
Theinput signal (ATD channel 7) is programmable to be edge or level sensitive with polarity control.

Table 4-1 gives abrief description of the different combinations of control bits and their affect on the
external trigger function.

Table 4-1 External Trigger Control Bits

ETRIGLE ETRIGP ETRIGE SCAN Description

Ignores external trigger. Performs one

X X 0 0 .
conversion sequence and stops.

X X 0 1 Ignores external trigger. Performs
continuous conversion sequences.

0 0 1 X Falling edge triggered. Performs one
conversion sequence per trigger.

0 1 1 X Rising edge triggered. Performs one
conversion sequence per trigger.
Trigger active low. Performs

1 0 1 X continuous conversions while trigger
is active.
Trigger active high. Performs

1 1 1 X continuous conversions while trigger
is active.

During a conversion, if additional active edges are detected the overrun error flag ETORF is set.

In either level or edge triggered modes, the first conversion begins when the trigger is received. In both
cases, the maximum latency time is one Bus Clock cycle plus any skew or delay introduced by the trigger
circuitry.

NOTE: Theconversion resultsfor the external trigger ATD channel 7 have no meaning
while external trigger mode is enabled.
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Once ETRIGE is enabled, conversions cannot be started by awriteto ATDCTLD5, but rather must be
triggered externally.

If the level mode is active and the external trigger both de-asserts and re-asserts itself during aconversion
sequence, this does not constitute an overrun; therefore, the flag is not set. If the trigger isleft asserted in
level mode while a sequence is completing, another sequence will be triggered immediately.

4.3.2 General Purpose Digital Input Port Operation

The input channel pins can be multiplexed between analog and digital data. As analog inputs, they are
multiplexed and sampled to supply signalsto the A/D converter. Asdigital inputs, they supply externa
input data that can be accessed through the digital port register PORTAD (input-only).

The analog/digital multiplex operation is performed in the input pads. The input pad is always connected
to the analog inputs of the ATD_10B8C. Theinput pad signal is buffered to the digital port registers. This
buffer can be turned on or off with the ATDDIEN register. Thisisimportant so that the buffer does not
draw excess current when analog potentials are presented at its inpuit.

4.3.3 Low Power Modes

The ATD_10B8C can be configured for lower MCU power consumption in 3 different ways:

» Stop Mode: Thishalts A/D conversion. Exit from Stop mode will resume A/D conversion, But due
to the recovery time the result of this conversion should be ignored.

* Wait Mode with AWAI=1: This halts A/D conversion. Exit from Wait mode will resume A/D
conversion, but due to the recovery time the result of this conversion should be ignored.

»  Writing ADPU=0 (Notethat all ATD registersremain accessible.): Thisabortsany A/D conversion
in progress.

Note that the reset value for the ADPU hit is zero. Therefore, when this moduleisreset, it isreset into the
power down state.
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Section 5 Resets

5.1 General

At reset the ATD_10B8C isin a power down state. The reset state of each individual bit is listed within
the Register Description section (see Section 3 Memory M ap and Register Definition) which detailsthe
registers and their bit-field.
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6.1 General

ATD_10B8C Block User Guide — V02.12

Theinterrupt requested by the ATD _10B8Cislistedin Table 6-1. Refer to MCU specification for related
vector address and priority.

Table 6-1 ATD_10B8C Interrupt Vectors

CCR
Interrupt Source Mask Local Enable
Sequence Complete I bit ASCIE in ATDCTL2

Interrupt

See register descriptions for further details.
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Section 1 Introduction

1.1 Overview

The Motorola Scalable Controller Area Network (MSCAN) definition is based on the MSCAN12
definition which is the specific implementation of the Motorola Scalable CAN concept targeted for the
Motorola MC68HC12 Microcontroller Family.

The module is a communication controller implementing the CAN 2.0 A/B protocol as defined in the
BOSCH specification dated September 1991. For users to fully understand the MSCAN specification, it
is recommended that the Bosch specification be read first to familiarize the reader with the terms and
concepts contained within this document.

The CAN protocol was primarily, but not only, designed to be used as a vehicle serial data bus, meeting
the specific requirements of this field: real-time processing, reliable operation in the EMI environment of
a vehicle, cost-effectiveness and required bandwidth.

MSCAN utilizes an advanced buffer arrangement resulting in a predictable real-time behavior and
simplifies the application software.

MSCAN
Oscillator Clock ————» CANCLK Tq CIk
MUX | Presc.——®»
Bus Clock —— _ - X RXCAN
Receive/
* * Transmit
Engine
g pD<] TXCAN
—P|
Transmit Interrupt Req. =&
Receive Interrupt Req. & Control '\éﬁtsesr?,?;
Errors Interrupt Req. & and and
ptiReq. Status Buffering
Wake-Up Interrupt Req. &
Configuration
Registers Wake-Up
- Low Pass Filter -
Figure 1-1 MSCAN Block Diagram
11
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1.2

Features

The basic features of the MSCAN are as follows:

Implementation of the CAN protocol - Version 2.0A/B

— Standard and extended data frames

— 0 - 8 bytes data length

—  Programmable bit rate up to 1 MBps

— Support for remote frames

— 5 receive buffers with FIFO storage scheme

3 transmit buffers with internal prioritization using a “local priority” concept

Flexible maskable identifier filter supports two full size extended identifier filters (two 32-bit) or
four 16-bit filters or eight 8-bit filters

Programmable wake-up functionality with integrated low-pass filter
Programmable loop back mode supports self-test operation
Programmable listen-only mode for monitoring of CAN bus

Separate signalling and interrupt capabilities for all CAN receiver and transmitter error states
(Warning, Error Passive, Bus-Off)

Programmable MSCAN clock source either Bus Clock or Oscillator Clock
Internal timer for time-stamping of received and transmitted messages
Three low power modes: Sleep, Power Down and MSCAN Enable
Global initialization of configuration registers

NOTES:
1. Depending on the actual bit timing and the clock jitter of the PLL.

12
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Section 2 External Signal Description

2.1 Overview

This section lists and describes the signals that connect off chip.

2.2 Detailed Signal Description

The MSCAN uses two external pins.

2.2.1 RXCAN — CAN Receiver Input Pin
RXCAN is the MSCAN receiver input pin.

2.2.2 TXCAN — CAN Transmitter Output Pin

TXCAN is the MSCAN transmitter output pin. The TXCAN output pin represents the logic level on the
CAN bus:

0 = Dominant state
1 = Recessive state

2.3 CAN System

A typical CAN system with MSCAN is shown iRigure 2-1 . Each CAN station is connected physically
to the CAN bus lines through a transceiver chip. The transceiver is capable of driving the large current
needed for the CAN bus and has current protection against defected CAN or defected stations.
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CAN node 1 CAN node 2 CAN node n

MCU

CAN Controller
(MSCAN)

TXCAN RXCAN

'

Transceiver

CAN_H CAN_L

CAN Bus

Figure 2-1 The CAN System

14 @ MOTOROLA



MSCAN Block Guide V02.15

Section 3 Memory Map/Register Definition

3.1 Overview
This section provides a detailed description of all registers accessible in the MSCAN.
3.2 Module Memory Map

Table 3-1 andTable 3-2 give an overview on all registers and their individual bits in the MSCAN
memory map. Theegister addressesults from the addition dfase addresandaddress offsefThebase
addresds determined at the MCU level. Thddress offsat defined at the module level.

The MSCAN occupies 64 bytes in the memory space. The base address of the MSCAN module is
determined at the MCU level when the MCU is defined. The register decode map is fixed and begins at
the first address of the module address offset.

Address
Offset

$_00 CONTROL REGISTERS
$ OB 12 BYTES
$_ocC RESERVED
$ 0D 2 BYTES
$__OE ERROR COUNTERS
$_OF 2 BYTES
$_10 IDENTIFIER FILTER
$ _1IF 16 BYTES
$_20 RECEIVE BUFFER
$ oF 16 BYTES (Window)
$_30 TRANSMIT BUFFER
$ 3F 16 BYTES (Window)

Table 3-1 MSCAN Register Organization

Table 3-1 shows the individual registers associated with the MSCAN and their relative offset from the
base address. The detailed register descriptions follow in the order they appear in the register map (see
Table 3-2).

Table 3-2 Module Memory Map

Address Use Access
$__ 00 MSCAN Control Register 0 (CANCTLO) R/W?
$ 01 MSCAN Control Register 1 (CANCTL1) R/W1
$_02 MSCAN Bus Timing Register 0 (CANBTRO) R/W
$_ 03 MSCAN Bus Timing Register 1 (CANBTR1) R/W
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$__04 MSCAN Receiver Flag Register (CANRFLG) R/W?
$_ 05 MSCAN Receiver Interrupt Enable Register (CANRIER) R/W
$_ 06 MSCAN Transmitter Flag Register (CANTFLG) R/W1
$_07 MSCAN Transmitter Interrupt Enable Register (CANTIER) R/W?
$_ 08 MSCAN Transmitter Message Abort Control (CANTARQ) R/W?
$_ 09 MSCAN Transmitter Message Abort Control (CANTAAK) R
$ O0A MSCAN Transmit Buffer Selection (CANTBSEL) R/W1
$_ 0B MSCAN Identifier Acceptance Control Register (CANIDAC) | R/w!
z:%% RESERVED

$_ OE MSCAN Receive Error Counter Register (CANRXERR) R
$_OF MSCAN Transmit Error Counter Register (CANTXERR) R
$_ 10 MSCAN Identifier Acceptance Register 0 (CANIDARDO) R/W
$ 11 MSCAN Identifier Acceptance Register 1 (CANIDAR1) R/W
$ 12 MSCAN Identifier Acceptance Register 2 (CANIDAR2) R/W
$ 13 MSCAN Identifier Acceptance Register 3 (CANIDAR3) R/W
$ 14 MSCAN Identifier Mask Register 0 (CANIDMRO) R/W
$ 15 MSCAN Identifier Mask Register 1 (CANIDMR1) R/W
$_16 MSCAN Identifier Mask Register 2 (CANIDMR2) R/W
$_ 17 MSCAN Identifier Mask Register 3 (CANIDMR3) R/W
$ 18 MSCAN Identifier Acceptance Register 4 (CANIDAR4) R/W
$ 19 MSCAN Identifier Acceptance Register 5 (CANIDARS) R/W
$ 1A MSCAN Identifier Acceptance Register 6 (CANIDARG) R/W
$ 1B MSCAN Identifier Acceptance Register 7 (CANIDAR7) R/W
$ 1C MSCAN Identifier Mask Register 4 (CANIDMR4) R/W
$ 1D MSCAN Identifier Mask Register 5 (CANIDMR5) R/W
$ 1E MSCAN Identifier 6 Mask Register 6 (CANIDMRG6) R/W
$_1F MSCAN Identifier Mask Register 7 (CANIDMR7) R/W
2—22?: Foreground Receive Buffer (CANRXFG) R2
i—z?: Foreground Transmit Buffer (CANTXFG) R2/W

NOTES:

1. Refer to detailed register description for write access restrictions on per bit basis.
2. Reserved bits and unused bits within the TX- and RX-Buffers (CANTXFG, CAN-
RXFG) will be read as “X”, because of RAM based implementation.

3.3 Register Descriptions

This section describes in detail all the registers and register bits in the MSCAN module. Each description
includes a standard register diagram with an associated figure number. Details of register bit and field
function follow the register diagrams, in bit order. All bits of all registers in this module are completely
synchronous to internal clocks during a register read.
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3.3.1 Programmer’s Model of Control Registers

The programmer’s model is laid out for maximum simplicity and efficiehaple 3-2 provides an
overview of the control registers for the MSCAN.

3.3.1.1 MSCAN Control O Register (CANCTLO)

The CANCTLO register provides for various control of the MSCAN module as described below.

Address Offset: $_ 00

Bit 7 6 5 4 3 2 1 Bit O
Read: RXACT SYNCH
RXFRM CSWAI TIME WUPE SLPRQ INITRQ
Write:
Reset: 0 0 0 0 0 0 0 1
= Unimplemented

Figure 3-1 MSCAN Control 0 Register (CANCTLO)

NOTE: The CANCTLO register, except the WUPE, INITRQ and SLPRQ bits, is held in the
reset state when the Initialization Mode is active (INITRQ=1 and INITAK=1). This
register is writable again as soon as the Initialization Mode is left (INITRQ=0 and
INITAK=0).

Read: Anytime

Write: Anytime when out of Initialization Mode; exceptions are read-only bits RXACT and SYNCH, bit
RXFRM which is set by the module only and bit INITRQ which is also writable in Initialization Mode.

RXFRM — Received Frame Flag

This bit is read and clear only. It is set when a receiver has received a valid message correctly,
independently of the filter configuration. Once set, it remains set until cleared by software or reset.
Clearing is done by writing a ‘1’ to the bit. A write ‘0’ is ignored. This bit is not valid in loop back
mode.

1 = A valid message was received since last clearing of this flag

0 = No valid message was received since last clearing this flag.

NOTE: The MSCAN must be in Normal Mode for this bit to become set.

RXACT — Receiver Active Status

This read-only flag indicates the MSCAN is receiving a message. The flag is controlled by the receiver
front end. This bit is not valid in loop back mode.

1 = MSCAN is receiving a message (including when arbitration istlost)
0 = MSCAN is transmitting or idfe
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CSWAI — CAN Stops in Wait Mode

Enabling this bit allows for lower power consumption in Wait Mode by disabling all the clocks at the
bus interface to the MSCAN module.

1 = The module ceases to be clocked during Wait Mode.
0 = The module is not affected during Wait Mode.

NOTE: In order to protect from accidentally violating the CAN protocol the TXCAN pin is
immediately forced to a recessive state when the CPU enters Wait (CSWAI=1) or
Stop Mode (sed.6.2 CPU Wait Mode and4.6.3 CPU Stop Mode )

SYNCH — Synchronized Status

This read-only flag indicates whether the MSCAN is synchronized to the CAN bus and, as such, can
participate in the communication process. It is set and cleared by the MSCAN.

1 = MSCAN is synchronized to the CAN bus.

0 = MSCAN is not synchronized to the CAN bus.

TIME - Timer Enable

This bit activates an internal 16-bit wide free running timer which is clocked by the bit clock. If the
timer is enabled, a 16-bit time stamp will be assigned to each transmitted/received message within the
active TX/RX buffer. As soon as a message is acknowledged on the CAN bus, the time stamp will be
written to the highest bytes ($_E, $_F) in the appropriate bBif8e?2 Programmer’s Model of

Message Storage . The internal timer is reset (all bits set to “0”) when Initialization Mode is active.
1 = Enable internal MSCAN timer.

0 = Disable internal MSCAN timer.

WUPE — Wake-Up Enable

This configuration bit allows the MSCAN to restart from Sleep Mode when traffic on CAN is detected
(see4.6.4 MSCAN Sleep Modg

1 = Wake-Up enabled— The MSCAN is able to restart.
0 = Wake-Up disabled— The MSCAN ignores traffic on CAN.

NOTE: The CPU has to make sure that the WUPE register and the WUPIE Wake-Up
interrupt enable registe8.3.1.6 MSCAN Receiver Interrupt Enable Register

(CANRIER) is enabled, if the recovery mechanism from STOP or WAIT is
required.

SLPRQ — Sleep Mode Request

This bit requests the MSCAN to enter Sleep Mode, which is an internal power saving modes(dee
MSCAN Sleep Mode ). The Sleep Mode request is serviced when the CAN bus is idle, i.e. the
module is not receiving a message and all transmit buffers are empty. The module indicates entry to
Sleep Mode by setting SLPAK=8.3.1.2 MSCAN Control 1 Register (CANCTL1). Sleep Mode

will be active until SLPRQ is cleared by the CPU or, depending on the setting of WUPE bit, the
MSCAN detects bus activity on CAN and clears the SLPRQ itself.

NOTES:

1. See the Bosch CAN 2.0A/B protocol specification dated September 1991 for a detailed definition of transmitter and receiver
states.
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1 = Sleep Mode Request — The MSCAN enters Sleep Mode when CAN bus idle.
0 = Running — The MSCAN functions normally.

NOTE: The CPU cannot clear the SLPRQ bit before the MSCAN has entered Sleep Mode
(SLPRQ=1 and SLPAK=1)

INITRQ — Initialization Mode Request

When this bit is set by the CPU, the MSCAN skips to Initialization Mode4 €8 MSCAN

Initialization Mode ). Any ongoing transmission or reception is aborted and synchronization to the bus
is lost. The module indicates entry to Initialization Mode by setting INITAK3:3.1.2 MSCAN

Control 1 Register (CANCTL1) ).

The following registers enter their hard reset state and restore their default values: CANCTLO
CANRFLG?, CANRIERS, CANTFLG, CANTIER, CANTARQ, CANTAAK, CANTBSEL.

The registers CANCTL1, CANBTRO, CANBTR1, CANIDAC, CANIDARO-7, CANIDMRO-7 can
only be written by the CPU when the MSCAN is in Initialization Mode (INITRQ=1 and INITAK=1).
The values of the error counters are not affected by Initialization Mode.

When this bit is cleared by the CPU, the MSCAN restarts and then tries to synchronize to the CAN
bus. If the MSCAN is not in Bus-Off state, it synchronizes after 11 consecutive recessive bits on the
bus; if the MSCAN is in Bus-Off state it continues to wait for 128 occurrences of 11 consecutive
recessive bits.

Writing to otherbits in CANCTLO, CANRFLG, CANRIER, CANTFLG or CANTIER must only be
done after Initialization Mode is left, which is INITRQ=0 and INITAK=0.

1 = MSCAN in Initialization Mode.

0 = Normal operation.

NOTE: The CPU cannot clear the INITRQ bit before the MSCAN has entered Initialization
Mode (INITRQ=1 and INITAK=1)

NOTE: Inorder to protect from accidentally violating the CAN protocol the TXCAN pin is
immediately forced to a recessive state when the Initialization Mode is requested by
the CPU. Thus the recommended procedure is to bring the MSCAN into Sleep Mode
(SLPRQ=1 and SLPAK=1) before.

3.3.1.2 MSCAN Control 1 Register (CANCTL1)
The CANCTL1 register provides for various control and handshake status information of the MSCAN

module as described below.

Address Offset: $_ 01

NOTES:

1. Except the WUPE, INITRQ and SLPRQ bits
2. The TSTAT1, TSTATO bits are not affected by Initialization Mode
3. The RSTAT1, RSTATO bits are not affected by Initialization Mode
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Bit 7 6 5 4 3 2 1 Bit O
Read: 0 SLPAK INITAK
CANE | CLKSRC | LOOPB | LISTEN WUPM
Write:
Reset: 0 0 0 1 0 0 0 1
= Unimplemented

Figure 3-2 MSCAN Control 1 Register (CANCTL1)

Read: Anytime

Write: Anytime when INITRQ=%nd INITAK=1, except CANE which is write once in normal and
anytime in special system operation modes when the MSCAN is in Initialization Mode (INITRQ=1 and
INITAK=1).

CANE — MSCAN Enable
1 = The MSCAN module is enabled.
0 = The MSCAN module is disabled.

CLKSRC — MSCAN Clock Source

This bit defines the clock source for the MSCAN module (only for systems with a clock generation
module;4.3.2 Clock System andFigure 4-5).

1 = The MSCAN clock source is the Bus Clock.

0 = The MSCAN clock source is the Oscillator Clock.

LOOPB — Loop Back Self Test Mode

When this bit is set, the MSCAN performs an internal loop back which can be used for self test operation.
The bit stream output of the transmitter is fed back to the receiver internally. The RXCAN input pin is
ignored and the TXCAN output goes to the recessive state (logic ‘1’). The MSCAN behaves as it does
normally when transmitting and treats its own transmitted message as a message received from a remote
node. In this state, the MSCAN ignores the bit sent during the ACK slot in the CAN frame Acknowledge
field to ensure proper reception of its own message. Both transmit and receive interrupts are generated.

1 = Loop Back Self Test enabled
0 = Loop Back Self Test disabled

LISTEN — Listen Only Mode

This bit configures the MSCAN as a bus monitor. When the bit is set, all valid CAN messages with
matching ID are received, but no acknowledgement or error frames are séitdlisten-Only
Mode. In addition the error counters are frozen.
Listen Only Mode supports applications which require “hot plugging” or throughput analysis. The
MSCAN is unable to transmit any messages, when Listen Only Mode is active.

1 = Listen Only Mode activated

0 = Normal operation

WUPM — Wake-Up Mode
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This bit defines whether the integrated low-pass filter is applied to protect the MSCAN from spurious
wake-up4.6.4 MSCAN Sleep Mode .
1 = MSCAN wakes-up the CPU only in case of a dominant pulse on the bus which has a length of
Twup @and WUPE=1 in CANCTLO (se&3.1.1 MSCAN Control 0 Register (CANCTLO).
0 =MSCAN wakes-up the CPU after any recessive to dominant edge on the CAN bus and WUPE=1
in CANCTLDO.

SLPAK — Sleep Mode Acknowledge

This flag indicates whether the MSCAN module has entered Sleep MI6d&MSCAN Sleep Mode
It is used as a handshake flag for the SLPRQ Sleep Mode request. Sleep Mode is active when
SLPRQ=1 and SLPAK=1. Depending on the setting of the WUPE bit the MSCAN will clear the flag
if it detects bus activity on CAN while in Sleep Mode.

1 = Sleep Mode Active — The MSCAN has entered Sleep Mode.

0 = Running — The MSCAN operates normally.

INITAK — Initialization Mode Acknowledge

This flag indicates whether the MSCAN module is in Initialization Mdd@& 5 MSCAN Initialization
Mode. It is used as a handshake flag for the INITRQ Initialization Mode request. Initialization Mode
is active when INITRQ=1 and INITAK=1.

The registers CANCTL1, CANBTRO, CANBTR1, CANIDAC, CANIDARO-7, CANIDMRO-7 can
only be written by the CPU when the MSCAN is in Initialization Mode.

1 = Initialization Mode Active — The MSCAN has entered Initialization Mode.

0 = Running — The MSCAN operates normally.

3.3.1.3 MSCAN Bus Timing Register 0 (CANBTRO)

The CANBTRO register provides for various bus timing control of the MSCAN module as described
below.

Address Offset: $_ 02

Bit 7 6 5 4 3 2 1 Bit 0
Read:
SJwi SJWO0 BRP5 BRP4 BRP3 BRP2 BRP1 BRPO
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 3-3 MSCAN Bus Timing Register 0 (CANBTRO)

Read: Anytime
Write: Anytime in Initialization Mode (INITRQ=1 and INITAK=1)

SJW1, SJWO0 — Synchronization Jump Width
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The synchronization jump width defines the maximum number of time quanta (Tq) clock cycles a bit
can be shortened or lengthened to achieve resynchronization to data transitions on theTalsiésee
3-3).

Table 3-3 Synchronization Jump Width

SJwi SJWO0 Synchronization jump width
0 0 1 Tq clock cycle
0 1 2 Tq clock cycles
1 0 3 Tq clock cycles
1 1 4 Tq clock cycles

BRP[5-0] — Baud Rate Prescaler

These bits determine the time quanta (Tq) clock which is used to build up the individual bit timing, as
shown inTable 3-4.

Table 3-4 Baud Rate Prescaler

BRP5 | BRP4 | BRP3 | BRP2 | BRPL | BRPO 'f/g?jga('g)f
0 0 0 0 0 0 1
0 0 0 0 0 1 2
0 0 0 0 1 0 3
0 0 0 0 1 1 4
1 1 1 1 1 0 63
1 1 1 1 1 1 64

3.3.1.4 MSCAN Bus Timing Register 1 (CANBTR1)

The CANBTRLI1 register provides for various bus timing control of the MSCAN module as described
below.

Address Offset: $__ 03

Bit 7 6 5 4 3 2 1 Bit 0

Read:
SAMP TSEG22 | TSEG21 | TSEG20 | TSEG13 | TSEG12 | TSEG11 | TSEG10

Write:

Figure 3-4 MSCAN Bus Timing Register 1 (CANBTR1)
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Reset: 0 0 0 0 0 0 0 0
Figure 3-4 MSCAN Bus Timing Register 1 (CANBTR1)

Read: Anytime
Write: Anytime in Initialization Mode (INITRQ=1 and INITAK=1)

SAMP — Sampling
This bit determines the number of samples of the serial bus to be taken per bittime. If set, three samples
per bit are taken; the regular one (sample point) and two preceding samples using a majority rule. For
higher bit rates, it is recommended that SAMP be cleared which means that only one sample is taken
per bit.

1 = Three samples per hit
0 = One sample per bit.

TSEG22 — TSEG20 — Time Segment 2

Time segments within the bit time fix the number of clock cycles per bit time and the location of the
sample point (seEigure 4-6 Segments within the Bit Time ).

Time segment 2 (TSEG2) values are programmable as shovablie 3-5.

Table 3-5 Time Segment 2 Values

TSEG22 TSEG21 TSEG20 Time segment 2

0 0 0 1 Tq clock cycle!

0 0 1 2 Tq clock cycles

1 1 0 7 Tq clock cycles

1 1 1 8 Tq clock cycles
NOTES:

1. This setting is not valid. Please refer to Table 4-2 CAN Standard Compliant Bit
Time Segment Settings for valid settings.

TSEG13 — TSEG10 — Time Segment 1

Time segments within the bit time fix the number of clock cycles per bit time and the location of the
sample point (seEigure 4-6 Segments within the Bit Time ).

Time segment 1 (TSEGL1) values are programmable as shovablie 3-6.

NOTES:
1. In this case, PHASE_SEG1 must be at least 2 Time Quanta.
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Table 3-6 Time Segment 1 Values

TSEG13 TSEG12 TSEG11 TSEG10 Time segment 1
0 0 0 0 1 Tq clock cycle!
0 0 0 1 2 Tq clock cycles!
0 0 1 0 3 Tq clock cycles!
0 0 1 1 4 Tq clock cycles
1 1 1 0 15 Tq clock cycles
1 1 1 1 16 Tq clock cycles
NOTES:

1. This setting is not valid. Please refer to Table 4-2 CAN Standard Compliant Bit Time
Segment Settings for valid settings.

The bit time is determined by the oscillator frequency, the baud rate prescaler, and the number of time
guanta (Tq) clock cycles per bit (as showiTable 3-5 andTable 3-6 above).
escaler value) |

Bit Time= (Pr ;
CANCLK

(1 +TimeSegmentl + TimeSegment2)

3.3.1.5 MSCAN Receiver Flag Register (CANRFLG)
A flag can only be cleared when the condition which caused the setting is no longer valid and can only be

cleared by software (writing a ‘1’ to the corresponding bit position). Every flag has an associated interrupt
enable bit in the CANRIER register.

Address Offset:  $_ 04

Bit 7 6 5 4 3 2 1 Bit 0
Read: RSTAT1 | RSTATO | TSTAT1 | TSTATO
WUPIF CSCIF OVRIF RXF
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 3-5 MSCAN Receiver Flag Register (CANRFLG)
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NOTE: The CANRFLG register is held in the reset stathen the Initialization Mode is
active (INITRQ=1 and INITAK=1). This register is writable again as soon as the
Initialization Mode is left (INITRQ=0 and INITAK=0).

Read: Anytime

Write: Anytime when out of Initialization Mode, except RSTAT[1:0] and TSTAT[1:0] flags which are
read-only; write of ‘1’ clears flag; write of ‘O’ ignored

WUPIF — Wake-Up Interrupt Flag

If the MSCAN detects bus activity while in Sleep Mod&.4 MSCAN Sleep Modeand the WUPE=1
in CANTCTLO (se€3.3.1.1 MSCAN Control 0 Register (CANCTLO), it will set the WUPIF flag.
If not masked, a Wake-Up interrupt is pending while this flag is set.

1 = MSCAN detected activity on the bus and requested wake-up.

0 = No wake-up activity observed while in Sleep Mode.

CSCIF — CAN Status Change Interrupt Flag

This flag is set when the MSCAN changes its current bus status due to the actual value of the Transmit
Error Counter (TEC) and the Receive Error Counter (REC). An additional 4-bit (RSTAT[1:0],
TSTAT[1:0]) status register, which is split into separate sections for TEC/REC, informs the system on
the actual bus stat®s3.1.6 MSCAN Receiver Interrupt Enable Register (CANRIER) If not
masked, an Error interrupt is pending while this flag is set. CSCIF provides a blocking interrupt. That
guarantees that the Receiver / Transmitter status bits (RSTAT/TSTAT) are only updated when no
CAN Status Change interrupt is pending. If the TECs/RECs change their current value after the CSCIF
is asserted and therefore would cause an additional state change in the RSTAT/TSTAT bits, these bits
keep their old state bits until the current CSCIF interrupt is cleared again.

1 = MSCAN changed current bus status.

0 = No change in bus status occurred since last interrupt.

RSTAT1, RSTATO — Receiver Status Bits

The values of the error counters control the actual bus status of the MSCAN. As soon as the Status
Change Interrupt Flag (CSCIF) is set these bits indicate the appropriate receiver related bus status of
the MSCAN. The coding for the bits RSTAT1, RSTATO is:

00 = RxOK: O< Receive Error Countet 96

01 = RXWRN: 96 < Receive Error Counted27

10 = RXERR: 127 < Receive Error Counter

11 = Bus-Off: Transmit Error Counter > 255

TSTAT1, TSTATO — Transmitter Status Bits

The values of the Error Counters control the actual bus status of the MSCAN. As soon as the Status
Change Interrupt Flag (CSCIF) is set these bits indicate the appropriate transmitter related bus status
of the MSCAN. The coding for the bits TSTAT1, TSTATO is:

NOTES:

1. The RSTAT[1:0], TSTATI[1:0] bits are not affected by Initialization Mode

2. Redundant Information for the most critical bus status which is “CAN Bus-Off". This only occurs if the Tx Error Counter
exceeds a number of 255 errors. CAN Bus-Off affects the receiver state. As soon as the transmitter leaves its Bus-Off state
the receiver state skips to RxOK too. Refer also to TSTAT[1:0] coding.
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00 = TxOK: 0< Transmit Error Countes 96

01 = TXWRN: 96 < Transmit Error Counterl27
10 = TXERR: 127 < Transmit Error CounteR55
11 = Bus-Off: Transmit Error Counter > 255

OVRIF — Overrun Interrupt Flag

This flag is set when a data overrun condition occurs. If not masked, an Error interrupt is pending while
this flag is set.

1 = A data overrun detected.
0 = No data overrun condition.

RXF — Receive Buffer Full Flag

The RXF flag is set by the MSCAN when a new message is shifted in the receiver FIFO. This flag
indicates whether the shifted buffer is loaded with a correctly received message (matching identifier,
matching Cyclic Redundancy Code (CRC) and no other errors detected). After the CPU has read that
message from the RxFG buffer in the receiver FIFO, the RXF flag must be cleared to release the buffer.
A set RXF flag prohibits the shifting of the next FIFO entry into the foreground buffer (RxFG). If not
masked, a Receive interrupt is pending while this flag is set.

1 = The receiver FIFO is not empty. A new message is available in the RxFG.

0 = No new message available within the RxFG.

NOTE: Toensure dataintegrity, do not read the receive buffer registers while the RXF flag
is cleared.

For MCUs with dual CPUs, reading the receive buffer registers while the RXF flag
is cleared may result in a CPU fault condition.

3.3.1.6 MSCAN Receiver Interrupt Enable Register (CANRIER)

This register contains the interrupt enable bits for the interrupt flags described above.

Address Offset: $__ 05

Bit 7 6 5 4 3 2 1 Bit 0
Read:
WUPIE CSCIE | RSTATE1 | RSTATEO | TSTATE1 | TSTATEO | OVRIE RXFIE
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 3-6 MSCAN Receiver Interrupt Enable Register (CANRIER)

NOTE: The CANRIER register is held in the reset statken the Initialization Mode is
active (INITRQ=1 and INITAK=1). This register is writable again as soon as the
Initialization Mode is left (INITRQ=0 and INITAK=0).

NOTES:
1. The RSTATE[1:0], TSTATEJ[1:0] bits are not affected by Initialization Mode
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Read: Anytime

Write: Anytime when out of Initialization Mode

WUPIE — Wake-Up Interrupt Enable
1 = A wake-up event causes a Wake-Up interrupt request.
0 = No interrupt request is generated from this event.

NOTE: The CPU has to make sure that the Wake-Up interrupt register and the WUPE
register3.3.1.1 MSCAN Control 0 Register (CANCTL® enabled, if the recovery
mechanism from STOP or WAIT is required.

CSCIE — CAN Status Change Interrupt Enable
1 = A CAN Status Change event causes an error interrupt request.
0 = No interrupt request is generated from this event.

RSTATEL1, RSTATEO— Receiver Status Change Enable

These RSTAT enable bits control the sensitivity level in which receiver state changes are causing
CSCIF interrupts. Independent of the chosen sensitivity level the RSTAT flags still indicate the actual
receiver state and are only updated if no CSCIF interrupt is pending.

11 = generate CSCIF interrupt on all state changes

10 = generate CSCIF interrupt only if the receiver enters or leaves “RxErr” or “Busstite.
Discard other receiver state changes for generating CSCIF interrupt.

01 = generate CSCIF interrupt only if the receiver enters or leaves “Bus-Off” state. Discard other
receiver state changes for generating CSCIF interrupt.

00 = do not generate any CSCIF interrupt caused by receiver state changes.

TSTATE1, TSTATEO— Transmitter Status Change Enable

These TSTAT enable bits control the sensitivity level in which transmitter state changes are causing
CSCIF interrupts. Independent of the chosen sensitivity level the TSTAT flags still indicate the actual
transmitter state and are only updated if no CSCIF interrupt is pending.

11 = generate CSCIF interrupt on all state changes

10 = generate CSCIF interrupt only if the transmitter enters or leaves “TXErr” or “Bus-Off” state.
Discard other transmitter state changes for generating CSCIF interrupt.

01 = generate CSCIF interrupt only if the transmitter enters or leaves “Bus-Off” state. Discard other
transmitter state changes for generating CSCIF interrupt.

00 = do not generate any CSCIF interrupt caused by transmitter state changes.

OVRIE — Overrun Interrupt Enable
1 = An overrun event causes an error interrupt request.
0 = No interrupt request is generated from this event.

RXFIE — Receiver Full Interrupt Enable

NOTES:

1. Bus-Off state is only defined by the CAN standard for transmitters. Because the only possible state change for the trans-
mitter from Bus-Off to TXOK also forces the receiver to skip its current state to RxOK, the coding of the RXSTAT[1:0] flags
define an additional Bus-Off state for the receiver 3.3.1.5 MSCAN Receiver Flag Register (CANRFLG)
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1 = A receive buffer full (successful message reception) event causes a receiver interrupt request.
0 = No interrupt request is generated from this event.

3.3.1.7 MSCAN Transmitter Flag Register (CANTFLG)

The Transmit Buffer Empty flags each have an associated interrupt enable bit in the CANTIER register.

Address Offset: $_ 06

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 0
TXE2 TXE1 TXEO
Write:
Reset: 0 0 0 0 0 1 1 1

= Unimplemented

Figure 3-7 MSCAN Transmitter Flag Register (CANTFLG)

NOTE: The CANTFLG register is held in the reset state when the Initialization Mode is
active (INITRQ=1 and INITAK=1). This register is writable again as soon as the
Initialization Mode is left (INITRQ=0 and INITAK=0).

Read: Anytime

Write: Anytime for TXEx flags when not in Initialization Mode; write of ‘1’ clears flag, write of ‘0’
ignored

TXE2 - TXEO —Transmitter Buffer Empty

This flag indicates that the associated transmit message buffer is empty, and thus not scheduled for
transmission. The CPU must clear the flag after a message is set up in the transmit buffer and is due
for transmission. The MSCAN sets the flag after the message is sent successfully. The flag is also set
by the MSCAN when the transmission request is successfully aborted due to a pending abort request
(see3.3.1.9 MSCAN Transmitter Message Abort Control (CANTARQ) ). If not masked, a

Transmit interrupt is pending while this flag is set.

Clearing a TXEX flag also clears the corresponding ABTAKx &8€l.10 MSCAN Transmitter
Message Abort Control (CANTAAK) ). When a TXEX flag is set, the corresponding ABTRQX bit is
cleared (se8.3.1.9 MSCAN Transmitter Message Abort Control (CANTARQ).

When Listen-Mode is active (s&3.1.2 MSCAN Control 1 Register (CANCTL1) the TXEXx flags
cannot be cleared and no transmission is started.

Read and write accesses to the transmit buffer will be blocked, if the corresponding TXEX bitis cleared
(TXEx="0") and the buffer is scheduled for transmission.

1 = The associated message buffer is empty (not scheduled).

0 = The associated message buffer is full (loaded with a message due for transmission).
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3.3.1.8 MSCAN Transmitter Interrupt Enable Register (CANTIER)

This register contains the interrupt enable bits for the Transmit Buffer Empty interrupt flags.

Address Offset: $_ 07

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 0
TXEIE2 TXEIE1 TXEIEO
Write:
Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 3-8 MSCAN Transmitter Interrupt Enable Register (CANTIER)

NOTE: The CANTIER register is held in the reset state when the Initialization Mode is
active (INITRQ=1 and INITAK=1). This register is writable again as soon as the
Initialization Mode is left (INITRQ=0 and INITAK=0).

Read: Anytime
Write: Anytime when not in Initialization Mode

TXEIE2 - TXEIEO — Transmitter Empty Interrupt Enable
1 = A transmitter empty (transmit buffer available for transmission) event causes a transmitter
empty interrupt request.
0 = No interrupt request is generated from this event.

3.3.1.9 MSCAN Transmitter Message Abort Control (CANTARQ)

The CANTARQ register provides for abort request of queued messages as described below.

Address Offset: $_ 08

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 0
ABTRQ2 | ABTRQ1 | ABTRQO
Write:
Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 3-9 MSCAN Transmitter Message Abort Request (CANTARQ)

NOTE: The CANTARQ register is held in the reset state when the Initialization Mode is
active (INITRQ=1 and INITAK=1). This register is writable again as soon as the
Initialization Mode is left (INITRQ=0 and INITAK=0).
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Read: Anytime

Write: Anytime when not in Initialization Mode

ABTRQ2 - ABTRQO — Abort Request

The CPU sets the ABTRQx bit to request that a scheduled message buffer (TXEx=0) be aborted. The
MSCAN grants the request if the message has not already started transmission, or if the transmission
is not successful (lost arbitration or error). When a message is aborted, the associated BXE]sée
MSCAN Transmitter Flag Register (CANTFLG) ) and Abort Acknowledge flags (ABTAK, see
3.3.1.10 MSCAN Transmitter Message Abort Control (CANTAAK)) are set and a transmit
interrupt occurs if enabled. The CPU cannot reset ABTRQx. ABTRQXx is reset whenever the
associated TXE flag is set.

1 = Abort request pending.

0 = No abort request.

3.3.1.10 MSCAN Transmitter Message Abort Control (CANTAAK)

The CANTAAK register indicates the successful abort of a queued message, if requested by the
appropriate bits in the CANTARQ register

Address Offset: $_09
Bit 7 6 5 4 3 2 1 Bit O
Read: 0 0 0 0 0 ABTAK2 | ABTAK1 | ABTAKO
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 3-10 MSCAN Transmitter Message Abort Control (CANTAAK)

NOTE: The CANTAAK register is held in the reset state when the Initialization Mode is
active (INITRQ=1 and INITAK=1).

Read: Anytime
Write: Unimplemented for ABTAKX flags;

ABTAK2 - ABTAKO — Abort Acknowledge

This flag acknowledges that a message was aborted due to a pending abort request from the CPU. After
a particular message buffer is flagged empty, this flag can be used by the application software to
identify whether the message was aborted successfully or was sent anyway. The ABTAKXx flag is
cleared whenever the corresponding TXE flag is cleared.

1 = The message was aborted.

0 = The message was not aborted.
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3.3.1.11 MSCAN Transmit Buffer Selection (CANTBSEL)

The CANTBSEL register allows the selection of the actual transmit message buffer, which will be then
accessible in the CANTXFG register spa88(1 Programmer’s Model of Control Registerk

Address Offset: $_ 0A

Bit 7 6 5 4 3 2 1 Bit O
Read: 0 0 0 0 0
TX2 TX1 TXO0
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 3-11 MSCAN Transmitter Flag Register (CANTBSEL)

NOTE: The CANTBSEL register is held in the reset state when the Initialization Mode is
active (INITRQ=1 and INITAK=1). This register is writable again as soon as the
Initialization Mode is left (INITRQ=0 and INITAK=0).

Read: find the lowest ordered bit set to “1”, all other bits will be read as “0”

Write: Anytime when not in Initialization Mode

TX2 - TX0 — Transmit Buffer Select

The lowest numbered bit places the respective transmit buffer in the CANTXFG register space (e.g.
TX1=1 and TX0=1 selects transmit buffer TX0, TX1=1 and TX0=0 selects transmit buffer TX1)

Read and write accesses to the selected transmit buffer will be blocked, if the corresponding TXEX bit
is cleared and the buffer is scheduled for transmiss®i.7 MSCAN Transmitter Flag Register
(CANTFLG) .

1 = The associated message Buffer is selected, if lowest numbered bit.

0 = The associated message buffer is deselected

NOTE: The following gives a short programming example of the usage of the CANTBSEL
register:

The application software wants to get the next available transmit buffer. It reads the
CANTFLG register and writes this value back into the CANTBSEL register. In this
example Tx buffers TX1 and TX2 are available. The value read from CANTFLG is
therefore Ob0000_0110. When writing this value back to CANTBSEL the Tx buffer
TX1 is selected in the CANTXFG because the lowest numbered bit set to “1” is at
bit position 1. Reading back this value out of CANTBSEL results in 0b0000_0010,
because only the lowest numbered bit position set to “1” is presented. This
mechanism eases the application software the selection of the next available Tx
buffer.

LDD CANTFLG; value read is 0b0000 0110
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STD CANTBSEL; value written is 0b0O000_0110
LDD CANTBSEL,; value read is 0b0000_0010

If all transmit message buffers are deselected no accesses are allowed to the
CANTXFG registers.

3.3.1.12 MSCAN Identifier Acceptance Control Register (CANIDAC)

The CANIDAC register provides for identifier acceptance control as described below.

Address Offset: $ 0B

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 IDHIT2 IDHIT1 IDHITO
IDAM1 IDAMO
Write:
Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 3-12 MSCAN Identifier Acceptance Control Register (CANIDAC)

Read: Anytime

Write: Anytime in Initialization Mode (INITRQ=1 and INITAK=1), except bits IDHITx which are
read-only
IDAML1 - IDAMO — Identifier Acceptance Mode

The CPU sets these flags to define the identifier acceptance filter organizatidientifier
Acceptance Filter. Table 3-7 summarizes the different settings. In Filter Closed mode, no message
is accepted such that the foreground buffer is never reloaded.

Table 3-7 ldentifier Acceptance Mode Settings

IDAM1 IDAMO Identifier Acceptance Mode
0 0 Two 32 bit Acceptance Filters
0 1 Four 16 bit Acceptance Filters
1 0 Eight 8 bit Acceptance Filters
1 1 Filter Closed

IDHIT2 - IDHITO — Identifier Acceptance Hit Indicator

The MSCAN sets these flags to indicate an identifier acceptandeiitientifier Acceptance Filter.
Table 3-8 summarizes the different settings.
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Table 3-8 Identifier Acceptance Hit Indication

IDHIT2 IDHIT1 IDHITO Identifier Acceptance Hit
0 0 0 Filter O Hit
0 0 1 Filter 1 Hit
0 1 0 Filter 2 Hit
0 1 1 Filter 3 Hit
1 0 0 Filter 4 Hit
1 0 1 Filter 5 Hit
1 1 0 Filter 6 Hit
1 1 1 Filter 7 Hit

The IDHITx indicators are always related to the message in the foreground buffer (RxFG). When a
message gets shifted into the foreground buffer of the receiver FIFO the indicators are updated as well.

3.3.1.13 Reserved Registers

These registers are reserved for factory testing of the MSCAN module and are not available in normal
system operation modes.

Address Offset: $__0C-$_ 0D

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 0 0 0 0
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 3-13 Reserved Registers

Read: always read $00 in normal system operation modes

Write: Unimplemented in normal system operation modes

NOTE: Writing to these registers when in special modes can alter the MSCAN
functionality.
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3.3.1.14 MSCAN Receive Error Counter Register (CANRXERR)

This register reflects the status of the MSCAN receive error counter.

Address Offset: $__OE
Bit 7 6 5 4 3 2 1 Bit O
Read:| RXERR7 | RXERR6 | RXERR5 | RXERR4 | RXERR3 | RXERR2 | RXERR1 | RXERRO
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 3-14 MSCAN Receive Error Counter Register (CANRXERR)

Read: only when in Sleep Mode (SLPRQ=1 and SLPAK=1) or Initialization Mode (INITRQ=1 and
INITAK=1)

Write: Unimplemented

NOTE: Reading this register when in any other mode other than Sleep or Initialization
Mode, may return an incorrect value. For MCUs with dual CPUs, this may result
in a CPU fault condition.

NOTE: Writing to this register when in special modes can alter the MSCAN functionality.

3.3.1.15 MSCAN Transmit Error Counter Register (CANTXERR)

This register reflects the status of the MSCAN transmit error counter.

Address Offset: $_ OF
Bit 7 6 5 4 3 2 1 Bit 0
Read:| TXERR7 | TXERR6 | TXERR5 | TXERR4 | TXERR3 | TXERR2 | TXERR1 | TXERRO
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 3-15 MSCAN Transmit Error Counter Register (CANTXERR)

Read: only when in Sleep Mode (SLPRQ=1 and SLPAK=1) or Initialization Mode (INITRQ=1 and
INITAK=1)

Write: Unimplemented
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NOTE: Reading this register when in any other mode other than Sleep or Initialization
Mode, may return an incorrect value. For MCUs with dual CPUs, this may result
in a CPU fault condition.

NOTE: Writing to this register when in special modes can alter the MSCAN functionality.
3.3.1.16 MSCAN Identifier Acceptance Registers (CANIDARO-7)

On reception, each message is written into the background receive buffer. The CPU is only signalled to
read the message if it passes the criteria in the identifier acceptance and identifier mask registers
(accepted); otherwise, the message is overwritten by the next message (dropped).

The acceptance registers of the MSCAN are applied on the IDRO to IDR3 regji3t2rs Identifier
Registers (IDR0-3)of incoming messages in a bit by bit manhé& Identifier Acceptance Filter.

For extended identifiers, all four acceptance and mask registers are applied. For standard identifiers, only
the first two (CANIDARO/1, CANIDMRO/1) are applied.

Bit 7 6 5 4 3 2 1 Bit 0
Address Offset: $ 10 CANIDARO
Read:
AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
Write:
Reset: 0 0 0 0 0 0 0 0
Address Offset: $ 11 CANIDAR1
Read:
AC7 AC6 AC5 AC4 AC3 AC2 AC1l ACO
Write:
Reset: 0 0 0 0 0 0 0 0
Address Offset: $ 12 CANIDAR2
Read:
AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
Write:
Reset: 0 0 0 0 0 0 0 0
Address Offset: $ 13 CANIDAR3
Read:
AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
Write:
Reset: 0 0 0 0 0 0 0 0
Figure 3-16 MSCAN Identifier Acceptance Registers (1st Bank)
Bit 7 6 5 4 3 2 1 Bit0
Address Offset: $_ 18 CANIDAR4
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Read:
AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
Write:
Reset: 0 0 0 0 0 0 0 0
Address Offset: $ 19 CANIDAR5
Read:
AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
Write:
Reset: 0 0 0 0 0 0 0 0
Address Offset: $ 1A CANIDAR6
Read:
AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
Write:
Reset: 0 0 0 0 0 0 0 0
Address Offset: $ 1B CANIDAR?7
Read:
AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 3-17 MSCAN Identifier Acceptance Registers (2nd Bank)

Read: Anytime
Write: Anytime in Initialization Mode (INITRQ=1 and INITAK=1)

AC7 — ACO — Acceptance Code Bits

AC7 — ACO comprise a user defined sequence of bits with which the corresponding bits of the related
identifier register (IDRn) of the receive message buffer are compared. The result of this comparison is
then masked with the corresponding identifier mask register.

3.3.1.17 MSCAN Identifier Mask Registers (CANIDMRO-7)

The identifier mask register specifies which of the corresponding bits in the identifier acceptance register
are relevant for acceptance filtering. To receive standard identifiers in 32 bit filter mode, it is required to
program the last three bits (AM2 - AMO) in the mask registers CANIDMR1 and CANIDMRS5 to “don’t
care”. Toreceive standard identifiers in 16 bit filter mode, it is required to program the last three bits (AM2
- AMO) in the mask registers CANIDMR1, CANIDMR3, CANIDMR5 and CANIDMRY7 to “don’t care”.

Bit 7 6 5 4 3 2 1 Bit 0

Address Offset: $ 14 CANIDMRO
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Read:
AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
Write:
Reset: 0 0 0 0 0 0 0 0
Address Offset: $ 15 CANIDMR1
Read:
AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
Write:
Reset: 0 0 0 0 0 0 0 0
Address Offset: $ 16 CANIDMR2
Read:
AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
Write:
Reset: 0 0 0 0 0 0 0 0
Address Offset: $_ 17 CANIDMR3
Read:
AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
Write:
Reset: 0 0 0 0 0 0 0 0
Figure 3-18 MSCAN Identifier Mask Registers (1st Bank)
Bit 7 6 5 4 3 2 1 Bit 0
Address Offset: $ 1C CANIDMR4
Read:
AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
Write:
Reset: 0 0 0 0 0 0 0 0
Address Offset: $ 1D CANIDMR5
Read:
AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
Write:
Reset: 0 0 0 0 0 0 0 0
Address Offset: $ 1E CANIDMRG6
Read:
AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
Write:
Reset: 0 0 0 0 0 0 0 0
Address Offset: $ 1F CANIDMR7

Figure 3-19 MSCAN Identifier Mask Registers (2nd Bank)
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Read:

AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 3-19 MSCAN Identifier Mask Registers (2nd Bank)

Read: Anytime
Write: Anytime in Initialization Mode (INITRQ=1 and INITAK=1)

AM7 — AMO — Acceptance Mask Bits

If a particular bit in this register is cleared, this indicates that the corresponding bit in the identifier
acceptance register must be the same as its identifier bit before a match is detected. The message is
accepted if all such bits match. If a bit is set, it indicates that the state of the corresponding bit in the
identifier acceptance register does not affect whether or not the message is accepted.

1 = Ignore corresponding acceptance code register bit.

0 = Match corresponding acceptance code register and identifier bits.

3.3.2 Programmer’s Model of Message Storage
The following section details the organization of the receive and transmit message buffers and the

associated control registers.

For reasons of programmer interface simplification, the receive and transmit message buffers have the
same outline. Each message buffer allocates 16 bytes in the memory map containing a 13 byte data
structure.

An additional Transmit Buffer Priority Register (TBPR) is defined for the transmit buffers. Within the last
two bytes of this memory map the MSCAN stores a special 16-bit time stamp, which is sampled from an
internal timer after successful transmission or reception of a message. This feature is only available for
transmit and receiver buffers, if the TIME bit is s8t§.1.1 MSCAN Control O Register (CANCTLO).

The Time Stamp register is written by the MSCAN. The CPU can only read these registers.
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Addr Register Name

$_ x0 Identifier Register 0

$ x1 Identifier Register 1

$ x2 Identifier Register 2

$_ x3 Identifier Register 3

$ x4 Data Segment Register O

$ x5 Data Segment Register 1

$_ x6 Data Segment Register 2

$ X7 Data Segment Register 3

$_ x8 Data Segment Register 4

$_ x9 Data Segment Register 5

$ XA Data Segment Register 6

$ xB Data Segment Register 7

$ xC Data Length Register
$_xD Transmit Buffer Priority Register1
$ xE Time Stamp Register (High Byte)?
$ xF Time Stamp Register (Low Byte)3

Table 3-9 Message Buffer Organization

NOTES:

1. Not Applicable for Receive Buffers
2. Read-Only for CPU
3. Read-Only for CPU

Figure 3-20 shows the common 13 byte data structure of receive and transmit buffers for extended
identifiers. The mapping of standard identifiers into the IDR registers is shdvigure 3-21 .

All bits of the receive and transmit buffers are ‘x’ out of reset because of RAM based impleméntation
All reserved or unused bits of the receive and transmit buffers are always read ‘x’.

Register name Bit 7 6 5 4 3 2 1 Bit0O ADDR
IDRO 5\;?:25 D28 | D27 | D26 | D25 | D24 | D23 | D22 | D21 |$_x0
Read;:
DRL (*%7] D20 | D19 | ID18 |SRR(=1)|IDE(=1)| ID17 | ID16 | IDI5 |$_xi
Read;:
DR2 ¢ *%7] D14 | D13 | D12 | D11 | D10 ID9 ID8 D7 |$_x2
bRz R€Y g ID5 ID4 ID3 ID2 ID1 IDO RTR |$_x3
Write:

I:I = Unused?!

Figure 3-20 Receive / Transmit Message Buffer Extended ldentifier

NOTES:
1. Exception: The Transmit Priority Registers are “0” out of reset
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Register name Bit 7 6 5 4 3 2 1 Bit0O ADDR
DSRO sveri: DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO |$_ x4
Read:
DSR1 Write: DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO $ x5
Read:
DSR2 Write: DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO $ x6
Read:
DSR3 Write: DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO $ x7
Read:
DSR4 Write: DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO $ x8
Read:
DSR5 Write: DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO $ x9
Read:
DSR6 Write: DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO $ XA
Read:
DSR7 Write: DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO $ xB
Read:
DLR . DLC3 DLC2 DLC1 DLCO |[$ xC
Write: -

I:I = Unused?!

Figure 3-20 Receive / Transmit Message Buffer Extended ldentifier

NOTES:
1. Unused bits are always read ‘X’

Read: Anytime for transmit buffers when TXEXx flag is set &&8¢cl.7 MSCAN Transmitter Flag
Register (CANTFLG) ) and the corresponding transmit buffer is selected in CANTBSEL3s2é.11
MSCAN Transmit Buffer Selection (CANTBSEL) ); only when RXF flag is set for receive buffers
(see3.3.1.5 MSCAN Receiver Flag Register (CANRFLG) ).

Write: Anytime for transmit buffers when TXEX flag is set (8¢&1.7 MSCAN Transmitter Flag
Register (CANTFLG)) and the corresponding transmit buffer is selected in CANTBSEL3(8ek11
MSCAN Transmit Buffer Selection (CANTBSEL) ); unimplemented for receive buffers

Reset: $xx because of RAM based implementation

Register name Bit 7 6 5 4 3 2 1 Bit0O ADDR
pro €34 5o ID9 ID8 ID7 ID6 ID5 ID4 D3 |$_x0
Write; -
Read:;
DRL | "27] D2 ID1 IDO RTR | IDE (=0) $ x1
Read:;
DR2 2 $ x2
Read:;
bR3 $_ x3

I:I = Unused?!

Figure 3-21 Standard Identifier Mapping
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NOTES:
1. Unused bits are always read ‘X’

3.3.2.1 Identifier Registers (IDR0-3)

The identifier registers for an extended format identifier consist of a total of 32 bits; ID28 - ID0O, SRR, IDE,
and RTR bits. The identifier registers for a standard format identifier consist of a total of 13 bits; ID10 -
IDO, RTR, and IDE bits.

ID28 - IDO — Extended format identifier

The identifiers consist of 29 bits (ID28 - IDO) for the extended format. ID28 is the most significant bit
and is transmitted first on the bus during the arbitration procedure. The priority of an identifier is
defined to be highest for the smallest binary number.

ID10 - IDO — Standard format identifier

The identifiers consist of 11 bits (ID10 — IDO) for the standard format. ID10 is the most significant bit
and is transmitted first on the bus during the arbitration procedure. The priority of an identifier is
defined to be highest for the smallest binary number.

SRR — Substitute Remote Request

This fixed recessive bitis used only in extended format. It must be set to 1 by the user for transmission
buffers and is stored as received on the CAN bus for receive buffers.

IDE — ID Extended

This flag indicates whether the extended or standard identifier format is applied in this buffer. In the
case of a receive buffer, the flag is set as received and indicates to the CPU how to process the buffer
identifier registers. In the case of a transmit buffer, the flag indicates to the MSCAN what type of
identifier to send.

1 = Extended format (29 bit)

0 = Standard format (11 bit)

RTR — Remote Transmission Request

This flag reflects the status of the Remote Transmission Request bit in the CAN frame. In the case of
a receive buffer, it indicates the status of the received frame and supports the transmission of an
answering frame in software. In the case of a transmit buffer, this flag defines the setting of the RTR
bit to be sent.

1 = Remote frame

0 = Data frame

@ MOTOROLA 41



MSCAN Block Guide V02.15

3.3.2.2 Data Segment Registers (DSRO-7)

The eight data segment registers, each with bits DB7-DBO0, contain the data to be transmitted or received.
The number of bytes to be transmitted or received is determined by the data length code in the
corresponding DLR register.

DB7 - DBO — Data Bits 7-0

3.3.2.3 Data Length Register (DLR)

This register keeps the data length field of the CAN frame.

DLC3 - DLCO — Data Length Code bits

The data length code contains the number of bytes (data byte count) of the respective message. During
the transmission of a remote frame, the data length code is transmitted as programmed while the
number of transmitted data bytes is always 0. The data byte count ranges from 0 to 8 for a data frame.
Table 3-10 shows the effect of setting the DLC bits.

Table 3-10 Data length codes

Data length code Data
byte
DLC3 DLC2 DLC1 DLCO count
0 0 0 0 0
0 0 0 1 1
0 0 1 0 2
0 0 1 1 3
0 1 0 0 4
0 1 0 1 5
0 1 1 0 6
0 1 1 1 7
1 0 0 0 8

3.3.2.4 Transmit Buffer Priority Register (TBPR)

This register defines the local priority of the associated message buffer. The local priority is used for the
internal prioritization process of the MSCAN and is defined to be highest for the smallest binary number.
The MSCAN implements the following internal prioritization mechanisms:

» All transmission buffers with a cleared TXEX flag participate in the prioritization immediately
before the SOF (Start of Frame) is sent.
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* The transmission buffer with the lowest local priority field wins the prioritization.

In cases of more than one buffer having the same lowest priority, the message buffer with the lower index
number wins.

Address Offset: $xxxD
Bit 7 6 5 4 3 2 1 Bit 0
Read:
PRIO7 PRIO6 PRIO5 PRIO4 PRIO3 PRIO2 PRIO1 PRIOO
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 3-22 Transmit Buffer Priority Register (TBPR)

Read: Anytime when TXEXx flag is set (s863.1.7 MSCAN Transmitter Flag Register (CANTFLG) )
and the corresponding transmit buffer is selected in CANTBSEL3(8ek11 MSCAN Transmit
Buffer Selection (CANTBSEL) )

Write: Anytime when TXEX flag is set (s&3.1.7 MSCAN Transmitter Flag Register
(CANTFLG)) and the corresponding transmit buffer is selected in CANTBSEL3(8¢e11 MSCAN
Transmit Buffer Selection (CANTBSEL) )

3.3.2.5 Time Stamp Register (TSRH, TSRL)

If the TIME bit is enabled, the MSCAN will write a special time stamp to the respective registers in the
active transmit or receive buffer as soon as a message has been acknowledged on the £3M.hus (
MSCAN Control O Register (CANCTLO) ). The time stamp is written on the bit sample point for the
recessive bit of the ACK delimiter in the CAN frame. In case of a transmission, the CPU can only read the
time stamp after the respective transmit buffer has been flagged empty.

The timer value, which is used for stamping, is taken from a free running internal CAN bit clock. A timer
overrun is not indicated by the MSCAN. The timer is reset (all bits set to “0”) during Initialization Mode.
The CPU can only read the Time Stamp registers.

Address Offset: $xxxE
Bit 7 6 5 4 3 2 1 Bit 0
Read: TSR15 TSR14 TSR13 TSR12 TSR11 TSR10 TSR9 TSR8
Write:
Reset: X X X X X X X X
Figure 3-23 Time Stamp Register (TSRH - High Byte)
Address Offset: $xxxF
43
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Bit 7 6 5 4 3 2 1 Bit 0
Read: TSR7 TSR6 TSR5 TSR4 TSR3 TSR2 TSR1 TSRO
Write:
Reset: X X X X X X X X

Figure 3-24 Time Stamp Register (TSRL - Low Byte)

Read: Anytime when TXEx flag is set (s863.1.7 MSCAN Transmitter Flag Register (CANTFLG) )
and the corresponding transmit buffer is selected in CANTBSEL3(8ek11 MSCAN Transmit

Buffer Selection (CANTBSEL) )

Write: Unimplemented
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Section 4 Functional Description

4.1 General

This section provides a complete functional description of the MSCAN. It describes each of the features
and modes listed in the introduction.

4.2 Message Storage

Rx0
Rx1
of | TR |
Q Rx4
F
| —_ o CPU bus
Receiver =
o I
%0
0]
m
X
£
Tx1 F@
< ::MSCAN :: CPU bus

TXFG

=

Transmitter

Figure 4-1 User Model for Message Buffer Organization
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MSCAN facilitates a sophisticated message storage system which addresses the requirements of a broac
range of network applications.

4.2.1 Message Transmit Background

Modern application layer software is built upon two fundamental assumptions:

* Any CAN node is able to send out a stream of scheduled messages without releasing the bus
between the two messages. Such nodes arbitrate for the bus immediately after sending the previous
message and only release the bus in case of lost arbitration.

* The internal message queue within any CAN node is organized such that the highest priority
message is sent out first, if more than one message is ready to be sent.

The above behavior cannot be achieved with a single transmit buffer. That buffer must be reloaded right
after the previous message is sent. This loading process lasts a finite amount of time and has to be
completed within the Inter-Frame Sequence (FFtSbe able to send an uninterrupted stream of messages.
Even if this is feasible for limited CAN bus speeds, it requires that the CPU react with short latencies to
the transmit interrupt.

A double buffer scheme de-couples the reloading of the transmit buffer from the actual message sending
and, as such, reduces the reactiveness requirements on the CPU. Problems can arise if the sending of a
message is finished while the CPU re-loads the second buffer. No buffer would then be ready for
transmission and the bus would be released.

At least three transmit buffers are required to meet the first of the above requirements under all
circumstances. The MSCAN has three transmit buffers.

The second requirement calls for some sort of internal prioritization which the MSCAN implements with
the “local priority” concept described $12.2 Transmit Structures

4.2.2 Transmit Structures

The MSCAN has a triple transmit buffer scheme which allows multiple messages to be set up in advance
and achieve an optimized real-time performance. The three buffers are arranged as dfigwreid-1
User Model for Message Buffer Organization

All three buffers have a 13 byte data structure similar to the outline of the receive BL#f2rs
Programmer’s Model of Message Storage . An additional3.3.2.4 Transmit Buffer Priority

Register (TBPR) contains an 8-bit “Local Priority” field (PRIO) (s€23.2.4 Transmit Buffer Priority
Register (TBPR). The remaining two bytes are used for time stamping of a message, if required (see
3.3.2.5 Time Stamp Register (TSRH, TSRL) ).

To transmit a message, the CPU has to identify an available transmit buffer which is indicated by a set
Transmitter Buffer Empty (TXEX) flag.3.1.7 MSCAN Transmitter Flag Register (CANTFLG) If a
transmit buffer is available, the CPU has to set a pointer to this buffer by writing to the CANTBSEL
register 8.3.1.11 MSCAN Transmit Buffer Selection (CANTBSEL). This makes the respective buffer

NOTES:
1. Reference the Bosch CAN 2.0A/B protocol specification dated September 1991.
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accessible within the CANTXFG address spa&?2 Programmer’s Model of Message Storagdhe
algorithmic feature associated with the CANTBSEL register simplifies the transmit buffer selection. In
addition this scheme makes the handler software simpler as only one address area is applicable for the
transmit process. In addition the required address space is minimized.

The CPU then stores the identifier, the control bits and the data content into one of the transmit buffers.
Finally, the buffer is flagged as ready for transmission by clearing the associated TXE flag.

The MSCAN then schedules the message for transmission and signals the successful transmission of the
buffer by setting the associated TXE flag. A transmit interdu@tL Transmit Interrupt is generatet
when TXEX is set and can be used to drive the application software to re-load the buffer.

In case more than one buffer is scheduled for transmission when the CAN bus becomes available for
arbitration, the MSCAN uses the “local priority” setting of the three buffers to determine the prioritization.

For this purpose, every transmit buffer has an 8-bit local priority field (PRIO). The application software
programs this field when the message is set up. The local priority reflects the priority of this particular
message relative to the set of messages being transmitted from this node. The lowest binary value of the
PRIO field is defined to be the highest priority. The internal scheduling process takes place whenever the
MSCAN arbitrates for the bus. This is also the case after the occurrence of a transmission error.

When a high priority message is scheduled by the application software, it may become necessary to abort
a lower priority message in one of the three transmit buffers. As messages that are already in transmission
cannot be aborted, the user has to request the abort by setting the corresponding Abort Request bit
(ABTRQ) 3.3.1.9 MSCAN Transmitter Message Abort Control (CANTARQ) . The MSCAN then

grants the request, if possible, by: 1) setting the corresponding Abort Acknowledge flag (ABTAK) in the
CANTAAK register, 2) setting the associated TXE flag to release the buffer, and 3) generating a transmit
interrupt. The transmit interrupt handler software can tell from the setting of the ABTAK flag whether the
message was aborted (ABTAK=1) or sent (ABTAK=0).

4.2.3 Receive Structures

The received messages are stored in a five stage input FIFO. The five message buffers are alternately
mapped into a single memory arfé@ure 4-1 User Model for Message Buffer OrganizationWhile the
background receive buffer (RxBG) is exclusively associated with the MSCAN, the foreground receive
buffer (RxFG) is addressable by the CPidure 4-1 User Model for Message Buffer Organization

This scheme simplifies the handler software as only one address area is applicable for the receive process.

All receive buffers have a size of 15 bytes to store the CAN control bits, the identifier (standard or
extended), the data contents and a time stamp, if enabled (for d&a&l®rogrammer’s Model of
Message Storage.

The Receiver Full flag (RXF3.3.1.5 MSCAN Receiver Flag Register (CANRFLG$ignals the status
of the foreground receive buffer. When the buffer contains a correctly received message with a matching
identifier, this flag is set.

NOTES:

1. The transmit interrupt occurs only if not masked. A polling scheme can be applied on TXEx also.
2. Reference the Bosch CAN 2.0A/B protocol specification dated September 1991 for details.
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On reception, each message is checked to see if it passes thelfBtéténtifier Acceptance Filter) and

in parallel, is written into the active RxBG. After successful reception of a valid message the MSCAN
shifts the content of RxBG into the receiver FiF6ets the RXF flag, and generates a receive interrupt
4.9.2 Receive Interrupt to the CPU. The user's receive handler has to read the received message from
the RxXFG and then reset the RXF flag to acknowledge the interrupt and to release the foreground buffer.
A new message, which can follow immediately after the IFS field of the CAN frame, is received into the
next available RxBG. If the MSCAN receives an invalid message in its RxBG (wrong identifier,
transmission errors etc.) the actual contents of the buffer will be over-written by the next message. The
buffer will then not be shifted into the FIFO.

When the MSCAN module is transmitting, the MSCAN receives its own transmitted messages into the
background receive buffer, RxBG, but does not shift it into the receiver FIFO, generate a receive interrupt,
or acknowledge its own messages on the CAN bus. The exception to this rule is in loop back ghbde
MSCAN Control 1 Register (CANCTL1) where the MSCAN treats its own messages exactly like all
other incoming messages. The MSCAN receives its own transmitted messages in the event that it loses
arbitratior?. If arbitration is lost, the MSCAN must be prepared to become a receiver.

An overrun condition occurs when all receive message buffers in the FIFO are filled with correctly
received messages with accepted identifiers and another message is correctly received from the bus with
an accepted identifier. The latter message is discarded and an error interrupt with overrun indication is
generated if enablet19.4 Error Interrupt . The MSCAN is still able to transmit messages while the
receiver FIFO being filled, but all incoming messages are discarded. As soon as a receive buffer in the
FIFO is available again, new valid messages will be accepted.

4.3 ldentifier Acceptance Filter

The MSCAN lIdentifier Acceptance Registeds3.1.12 MSCAN Identifier Acceptance Control

Register (CANIDAC)) define the acceptable patterns of the standard or extended identifier (ID10 - IDO
or ID28 - ID0). Any of these bits can be marked ‘don’t care’ in the MSCAN Identifier Mask Registers
3.3.1.17 MSCAN Identifier Mask Registers (CANIDMRO-7)

Afilter hitis indicated to the application software by a set Receive Buffer Full flag (RXF=1) and three bits
in the CANIDAC registeB.3.1.12 MSCAN Identifier Acceptance Control Register (CANIDAC)

These Identifier Hit flags (IDHIT2-0) clearly identify the filter section that caused the acceptance. They
simplify the application software’s task to identify the cause of the receiver interrupt. In case more than
one hit occurs (two or more filters match), the lower hit has priority.

A very flexible programmable generic identifier acceptance filter has been introduced to reduce the CPU
interrupt loading. The filter is programmable to operate in four different rfiodes

* Two identifier acceptance filters, each to be applied to a) the full 29 bits of the extended identifier
and to the following bits of the CAN 2.0B frame: Remote Transmission Request (RTR), Identifier
Extension (IDE), and Substitute Remote Request (SRR)dhb)11 bits of the standard identifier

NOTES:

1. Only if the RXF flag is not set.

2. The receive interrupt occurs only if not masked. A polling scheme can be applied on RXF also.

3. Reference the Bosch CAN 2.0A/B protocol specification dated September 1991 for details.

4. For a better understanding of references made within the filter mode description, reference the Bosch specification dated
September 1991 which details the CAN 2.0A/B protocol.
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plus the RTR and IDE bits of the CAN 2.0A/B messages. This mode implements two filters for a
full length CAN 2.0B compliant extended identifi€igure 4-2 shows how the first 32-bit filter

bank (CANIDARO-3, CANIDMRO-3) produces a filter O hit. Similarly, the second filter bank
(CANIDAR4-7, CANIDMRA4-7) produces a filter 1 hit.

* Fouridentifier acceptance filters, each to be applied to a) the 14 most significant bits of the extended
identifier plus the SRR and IDE bits of CAN 2.0B messages or b) the 11 bits of the standard
identifier, the RTR and IDE bits of CAN 2.0A/B messagEgjure 4-3 shows how the first 32-bit
filter bank (CANIDARO-3, CANIDMRO-3) produces filter 0 and 1 hits. Similarly, the second filter
bank (CANIDAR4-7, CANIDMRA4-7) produces filter 2 and 3 hits.

» Eight identifier acceptance filters, each to be applied to the first 8 bits of the identifier. This mode
implements eight independent filters for the first 8 bits of a CAN 2.0A/B compliant standard
identifier ora CAN 2.0B compliant extended identifieigure 4-4 shows how the first 32-bit filter
bank (CANIDARO-3, CANIDMRO-3) produces filter O to 3 hits. Similarly, the second filter bank
(CANIDAR4-7, CANIDMR4-7) produces filter 4 to 7 hits.

» Closed filter. No CAN message is copied into the foreground buffer RxFG, and the RXF flag is
never set.

NOTES:

5. Although this mode can be used for standard identifiers, it is recommended to use the four or eight identifier acceptance
filters for standard identifiers
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CAN 2.0B
Extended Identifier

CAN 2.0A/B
Standard Identifier

CAN 2.0B
Extended Identifier

CAN 2.0A/B
Standard Identifier

ID15

D28 IDRO D21 | 1D20 IDR1
D10 IDRO ID3 | 1D2 IDR1 IDE
AM7 CANIDMRO AMO | AM7 CANIDMR1

AMO

AM7

D14

IDR2

CANIDMR2

AMO

AM7

CANIDMR3

AMO

AC7 CANIDARO ACO | AC7 CANIDAR1 ACO | AC7 CANIDAR2 ACO | AC7 CANIDAR3 ACO
4 ) 4 4 4
ID Accepted (Filter 0 Hit)
Figure 4-2 32-bit Maskable Identifier Acceptance Filter
D28 IDRO ID21 | D20 IDR1 IDR2
ID10 IDRO ID3 | ID2 IDR1 IDE
AM7 CANIDMRO AMO | AM7 CANIDMR1 AMO

AC7 CANIDARO ACO

AC7 CANIDAR1 ACO

ID Accepted

(Filter 0 Hit)

AM7 CANIDMR2 AMO | AM7 CANIDMR3 AMO
AC7 CANIDAR2 ACO | AC7 CANIDAR3 ACO

Figure 4-3 16-bit Maskable Identifier Acceptance Filters
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Figure 4-4 8-bit Maskable Identifier Acceptance Filters
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4.3.1 Protocol Violation Protection

The MSCAN protects the user from accidentally violating the CAN protocol through programming errors.
The protection logic implements the following features:

* The receive and transmit error counters cannot be written or otherwise manipulated.

» Allregisters which control the configuration of the MSCAN cannot be modified while the MSCAN
is on-line. The MSCAN has to be in Initialization Mode. The corresponding INITRQ/INITAK
handshake bits in the CANCTLO/CANCTL1 registdr3.1.1 MSCAN Control 0 Register

(CANCTLO) serve as a lock to protect the following registers:

MSCAN Control 1 Register (CANCTL1)
MSCAN Bus Timing Registers 0 and 1 (CANBTRO, CANBTR1)

MSCAN Identifier Acceptance Control Register (CANIDAC)

MSCAN lIdentifier Acceptance Registers (CANIDARO-7)
MSCAN Identifier Mask Registers (CANIDMRO-7)

* The TXCAN pin is immediately forced to a recessive state when the MSCAN goes into the Power
Down Mode or Initialization Mode (see6.6 MSCAN Power Down Modeand4.6.5 MSCAN
Initialization Mode).

 The MSCAN enable bit (CANE) is only writable once in normal system operation modes as further
protection against inadvertently disabling the MSCAN.

4.3.2 Clock System

Figure 4-5 shows the structure of the MSCAN clock generation circuitry. With this flexible clocking
scheme, the MSCAN is able to handle CAN bus rates ranging from 10 Kbps up to 1 Mbps.

Bus Clock

kSRC

CANCLK

MSCAN

T

Prescaler
(1..64)

Time quanta clock (Tq)

Oscillator Clock

52

CLKSRC

-

Figure 4-5 MSCAN Clocking Scheme
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The clock source bit (CLKSRC) in the CANCTL1 regis?e3.1.2 MSCAN Control 1 Register
(CANCTL1) defines whether the internal CANCLK is connected to the output of a crystal oscillator
(Oscillator Clock) or to the Bus Clock.

The clock source has to be chosen such that the tight oscillator tolerance requirements (up to 0.4%) of the
CAN protocol are met. Additionally, for high CAN bus rates (1 Mbps), a 45%-55% duty cycle of the clock
is required.

If the Bus Clock is generated from a PLL, it is recommended to select the Oscillator Clock rather than the
Bus Clock due to jitter considerations, especially at the faster CAN bus rates.

For microcontrollers without a clock and reset generator (CRG), CANCLK is driven from the crystal
oscillator (Oscillator Clock).

A programmable prescaler generates the time quanta (Tq) clock from CANCLK. A time quantum is the
atomic unit of time handled by the MSCAN.

. feancLk
Ta™ (Prescaler value)

A bit time is subdivided into three segméntgreferenceFigure 4-6 ):

 SYNC_SEG: This segment has a fixed length of one time quantum. Signal edges are expected to
happen within this section.

* Time Segment 1: This segment includes the PROP_SEG and the PHASE_SEG1 of the CAN
standard. It can be programmed by setting the parameter TSEG1 to consist of 4 to 16 time quanta.

* Time Segment 2: This segment represents the PHASE_SEG2 of the CAN standard. It can be
programmed by setting the TSEG2 parameter to be 2 to 8 time quanta long.

Bit Rate= (number of Time Quanta)

NOTES:

1. For further explanation of the under-lying concepts please refer to ISO/DIS 11519-1, Section 10.3.
2. Reference the Bosch CAN 2.0A/B protocol specification dated September 1991 for bit timing.
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N\
x NRZ Signal ( )
SYNC SEG Time Segment 1 Time Segment 2
- (PROP_SEG + PHASE_SEG1) (PHASE_SEG2)
A 1 4..16 4 4 2.8
(I
g 8 ... 25 Time Quanta 7 -
=1 Bit Time |
[
Transmit Point Sample Point

(single or triple sampling)

Figure 4-6 Segments within the Bit Time

Table 4-1 Time Segment Syntax

Syntax Description

SYNC_SEG System expects transitions to occur on the bus during this period.

A node in transmit mode transfers a new value to the CAN bus at

Transmit Point this point.

A node in receive mode samples the bus at this point. If the three
Sample Point samples per bit option is selected, then this point marks the position
of the third sample.

The Synchronization Jump Widtlean be programmed in a range of 1 to 4 time quanta by setting the SIW
parameter.

The above parameters are set by programming the MSCAN Bus Timing Registers (CANBTRO,
CANBTR1) (se€3.3.1.3 MSCAN Bus Timing Register 0 (CANBTROaNnd3.3.1.4 MSCAN Bus
Timing Register 1 (CANBTRL1)).

Table 4-2 gives an overview of the CAN compliant segment settings and the related parameter values.

NOTE: Itisthe user’s responsibility to ensure the bit time settings are in compliance with
the CAN standard.

NOTES:
1. Reference the Bosch CAN 2.0A/B protocol specification dated September 1991 for bit timing.
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Time Segment1l | TSEG1 |[Time Segment2 |TSEG2 Synchronization SJW
Jump Width
5..10 4.9 2 1 1.2 0.1
4.11 3..10 3 2 1..3 0.2
5..12 4..11 4 3 1.4 0.3
6..13 5..12 5 4 1.4 0..3
7..14 6..13 6 5 1.4 0.3
8..15 7..14 7 6 1.4 0.3
9..16 8..15 8 7 1.4 0..3

Table 4-2 CAN Standard Compliant Bit Time Segment Settings

4.4 Timer Link

The MSCAN generates an internal time stamp whenever a valid frame is received or transmitted and the
TIME bit is enabled. Because the CAN specification defines a frame to be valid if no errors occur before
the End of Frame (EOF) field is transmitted successfully, the actual value of an internal timer is written at
EOF to the appropriate time stamp position within the transmit buffer. For receive frames the time stamp
is written to the receive buffer.

4.5 Modes of Operation

4.5.1 Normal Modes

The MSCAN module behaves as described within this specification in all normal system operation modes.
4.5.2 Special Modes

The MSCAN module behaves as described within this specification in all special system operation modes.
4.5.3 Emulation Modes

In all emulation modes, the MSCAN module behaves just like normal system operation modes as
described within this specification.

4.5.4 Listen-Only Mode
In an optional bus monitoring mode (Listen-Only), the CAN node is able to receive valid data frames and

valid remote frames, but it sends only “recessive” bits on the CAN bus. In addition it cannot start a
transmision. If the MAC sub-layer is required to send a “dominant” bit (ACK bit, overload flag, active
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error flag), the bit is rerouted internally so that the MAC sub-layer monitors this “dominant” bit, although
the CAN bus may remain in recessive state externally.

4.5.5 Security Modes

The MSCAN module has no security features.

4.6 Low Power Options

If the MSCAN is disabled (CANE=0), the MSCAN clocks are stopped for power savings.

If the MSCAN is enabled (CANE=1), the MSCAN has two additional modes with reduced power
consumption, compared to Normal Mode: Sleep and Power Down Mode. In Sleep Mode power
consumption is reduced by stopping all clocks except those to access the registers from the CPU side. In
Power Down Mode, all clocks are stopped and no power is consumed.

Table 4-3 summarizes the combinations of MSCAN and CPU modes. A particular combination of modes
is entered by the given settings on the CSWAI and SLPRQ/SLPAK bits.

For all modes, an MSCAN Wake-Up interrupt can only occur if the MSCAN is in Sleep Mode (SLPRQ=1
and SLPAK=1), wake-up functionality is enabled (WUPE=1) and the Wake-Up interrupt is enabled
(WUPIE=1).

Table 4-3 CPU vs. MSCAN Operating Modes

MSCAN Mode
CPU Mode Reduced Power Consumption
Normal ;
Disabled
Sleep Power Down (CANE=0)
CSWAI = X1 CSWAI = X CSWAI = X
RUN SLPRQ =0 SLPRQ =1 SLPRQ =X
SLPAK = 0 SLPAK =1 SLPAK =X
CSWAI =0 CSWAI=0 CSWAI=1 CSWAI =X
WAIT SLPRQ =0 SLPRQ =1 SLPRQ = X SLPRQ = X
SLPAK =0 SLPAK =1 SLPAK = X SLPAK = X
CSWAI =X CSWAI =X
STOP SLPRQ = X SLPRQ = X
SLPAK = X SLPAK =X

NOTES:
1. ‘X’ means don't care.

4.6.1 CPU Run Mode

As can be seen ihable 4-3 CPU vs. MSCAN Operating Modesonly MSCAN Sleep Mode is available
as low power option, when CPU is in Run Mode.
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4.6.2 CPU Wait Mode

The WAL instruction puts the MCU in a low power consumption stand-by mode. If the CSWAI bit is set,
then additional power can be saved in Power Down Mode since the CPU clocks are stopped. After leaving
this Power Down Mode the MSCAN restarts its internal controllers and enters Normal Mode again.

While the CPU is in Wait Mode, the MSCAN can be operated in Normal Mode and generate interrupts
(registers can be accessed via background debug mode). The MSCAN can also operate in any of the low
power modes depending on the values of the SLPRQ/SLPAK and CSWAI bits as Jedatard-3 CPU

vs. MSCAN Operating Modes .

4.6.3 CPU Stop Mode

The STOP instruction puts the MCU in a low power consumption stand-by mode. In Stop Mode, the
MSCAN set in Power Down mode regardless of the value of the SLPRQ/SLPAK and CSWAhbits
4-3.

4.6.4 MSCAN Sleep Mode

The CPU can request the MSCAN to enter this low power mode by asserting the SLPRQ bit in the
CANCTLO register. The time when the MSCAN enters Sleep Mode depends on a fixed synchronization
delay and its current activity:

» Ifthere are one or more message buffers scheduled for transmission (TXEx = 0), the MSCAN will
continue to transmit until all transmit message buffers are empty (TXEx = 1, transmitted
successfully or aborted) and then goes into Sleep Mode.

» Ifitis receiving, it continues to receive and goes into Sleep Mode as soon as the CAN bus next
becomes idle.

» Ifitis neither transmitting nor receiving, it immediately goes into Sleep Mode.

CPU Clock Domain CAN Cloc k Domain
SLPRQ
Q SLPRQ % sync. Flag
CPU SLPRQ

Sleep Request
SLPAK £ sync. % h
Flag SLPAK SLPAK MSCAN

in Sleep Mode

Figure 4-7 Sleep Request / Acknowledge Cycle
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NOTE: The application software must avoid setting up a transmission (by clearing one or
more TXEX flag(s)) and immediately request Sleep Mode (by setting SLPRQ). It
depends on the exact sequence of operations whether the MSCAN starts
transmitting or goes into Sleep Mode directly.

If Sleep Mode is active, the SLPRQ and SLPAK bits are Bejre 4-7 ). The application software must
use SLPAK as a handshake indication for the request (SLPRQ) to go into Sleep Mode.

When in Sleep Mode (SLPRQ=1 and SLPAK=1), the MSCAN stops its internal clocks. However, clocks
to allow register accesses from the CPU side still run.

If the MSCAN is in Bus-Off state, it stops counting the 128*11 consecutive recessive bits due to the
stopped clocks. The TXCAN pin remains in arecessive state. If RXF=1, the message can be read and RXF
can be cleared. Shifting a new message into the foreground buffer of the receiver FIFO (RxFG) does not
take place while in Sleep Mode.

It is possible to access the transmit buffers and to clear the associated TXE flags. No message abort takes
place while in Sleep Mode.

If the WUPE bitin CANCLTO is not asserted, the MSCAN will mask any activity it detects on CAN. The
RXCAN pin is therefore held internally in a recessive state. This locks the MSCAN in Sleep Mode
(Figure 4-8 Simplified State Transitions for Entering/Leaving Sleep Mode ).

The MSCAN is only able to leave Sleep Mode (wake up) when
* bus activity occurs and WUPE=1 or
e the CPU clears the SLPRQ bit

NOTE: The CPU cannot clear the SLPRQ bit before Sleep Mode (SLPRQ=1 and
SLPAK=1) is active.

After wake-up, the MSCAN waits for 11 consecutive recessive bits to synchronize to the bus. As a
consequence, if the MSCAN is woken-up by a CAN frame, this frame is not received.

The receive message buffers (RxFG and RxBG) contain messages if they were received before Sleep
Mode was entered. All pending actions will be executed upon wake-up; copying of RxBG into RXFG,
message aborts and message transmissions. If the MSCAN is still in Bus-Off state after Sleep Mode was
left, it continues counting the 128*11 consecutive recessive bits.
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CAN Activity

P (CAN Activity & WUPE) | SLPRQ
al
StartUp for Idle

CAN Activity
SLPRQ

CAN Activity &
SLPRO C Idle S Q

(CAN Activity & MJPE) [

. CAN Activity
CAN Activity &

W CAN ACthlty

TX/Rx
Message
Active

(J

CAN Activity

Figure 4-8 Simplified State Transitions for Entering/Leaving Sleep Mode

4.6.5 MSCAN Initialization Mode

In Initialization Mode, any ongoing transmission or reception is immediately aborted and synchronization
to the bus is lost potentially causing CAN protocol violations. To protect the CAN bus system from fatal
consequences of violations, the MSCAN immediately drives the TXCAN pin into a recessive state.

NOTE: The user is responsible for ensuring that the MSCAN is not active when
Initialization Mode is entered. The recommended procedure is to bring the MSCAN
into Sleep Mode (SLPRQ=1 and SLPAK=1) before setting the INITRQ bit in the
CANCTLO register. Otherwise the abort of an ongoing message can cause an error
condition and can have an impact on the other bus devices.

In Initialization Mode, the MSCAN is stopped. However, interface registers can still be accessed. This
mode is used to reset the CANCTLO, CANRFLG, CANRIER, CANTFLG, CANTIER, CANTARQ,
CANTAAK, CANTBSEL registers to their default values. In addition it enables the configuration of the
CANBTRO, CANBTR1 bit timing registers, CANIDAC and the CANIDAR, CANIDMR message filters.
3.3.1.1 MSCAN Control 0 Register (CANCTLO) for a detailed description of the Initialization Mode.
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CPU Cloc k Domain CAN Cloc k Domain
INIT
ﬁ INITRQ % sync. JFIag
CPU INITRQ

Init Request *
INITAK ‘ sync.
Flag INITAK ‘_M_ INITAK

Figure 4-9 Initialization Request/Acknowledge Cycle

Due to independent clock domains within the MSCAN the INITRQ has to be synchronized to all domains
by using a special handshake mechanism. This handshake causes additional synchronization delay
(Figure 4-9 Initialization Request/Acknowledge Cycle ).

If there is no message transfer ongoing on the CAN bus, the minimum delay will be two additional bus
clocks and three additional CAN clocks. When all parts of the MSCAN are in Initialization Mode the
INITAK flag is set. The application software must use INITAK as a handshake indication for the request
(INITRQ) to go into Initialization Mode.

NOTE: The CPU cannot clear the INITRQ bit before Initialization Mode (INITRQ=1 and
INITAK=1) is active.

4.6.6 MSCAN Power Down Mode

The MSCAN is in Power Down Modé& éble 4-3) when

» the CPU is in Stop Mode or
+ the CPU is in Wait Mode and the CSWAI bit is set.

When entering the Power Down Mode, the MSCAN immediately stops all ongoing transmissions and
receptions, potentially causing CAN protocol violations. To protect the CAN bus system from fatal
consequences of violations to the above rule, the MSCAN immediately drives the TXCAN pin into a
recessive state.

NOTE: The user is responsible for ensuring that the MSCAN is not active when Power
Down Mode is entered. The recommended procedure is to bring the MSCAN into
Sleep Mode before the STOP or WAI instruction (if CSWAI is set) is executed.
Otherwise the abort of an ongoing message can cause an error condition and can
have an impact on the other bus devices.

60 @ MOTOROLA



MSCAN Block Guide V02.15

In Power Down Mode, all clocks are stopped and no registers can be accessed. If the MSCAN was not in
Sleep Mode before Power Down Mode became active, the module would perform an internal recovery
cycle after powering up. This causes some fixed delay before the module enters Normal Mode again.

4.6.7 Programmable Wake-Up Function

The MSCAN can be programmed to wake up the MSCAN as soon as bus activity is detected (see control
bit WUPE in3.3.1.1 MSCAN Control O Register (CANCTLO) ). The sensitivity to existing bus action

can be modified by applying a low-pass filter function to the RXCAN input line while in Sleep Mode (see
control bit WUPM in3.3.1.2 MSCAN Control 1 Register (CANCTL1).

This feature can be used to protect the MSCAN from wake-up due to short glitches on the CAN bus lines.
Such glitches can result e.g. from electromagnetic interference within noisy environments.

4.7 Reset Initialization

The reset state of each individual bit is listed within the Register Description s&&iRegister
Descriptionswhich details all the registers and their bit-fields.

4.8 General

This section describes all interrupts originated by the MSCAN. It documents the enable bits and generated
flags, if applicable. Each interrupt is listed and described separately. The description explains what causes
the interrupt, the registers affected, and how the interrupt request is provided to the core.

Table 4-4 CRG Interrupt Vectors

Vector R HPRIO
Address Interrupt Source CCR Mask Local Enable Value to
Elevate
1 Wake-Up Interrupt (WUPIF) | bit CANRIER (WUPIE) 2
3 Error Interrupts Interrupt (CSCIF, OVRIF) | bit CANRIER (CSCIE, OVRIE) 4
5 Receive Interrupt (RXF) | bit CANRIER (RXFIE) 6
7 Transmit Interrupts (TXE2 - TXEQ) | bit CANTIER (TXEIE2 - TXEIEQ) 8
NOTES:
1. Wake-Up interrupt vector address is specific to MCU, refer to MCU specification.
2. Wake-Up interrupt HPRIO value is specific to MCU, refer to MCU specification.
3. Error interrupt vector address is specific to MCU, refer to MCU specification.
4. Error interrupt HPRIO value is specific to MCU, refer to MCU specification.
5. Receive interrupt vector address is specific to MCU, refer to MCU specification.
6. Receive interrupt HPRIO value is specific to MCU, refer to MCU specification.
7. Transmit interrupt vector address is specific to MCU, refer to MCU specification.
8. Transmit interrupt HPRIO value is specific to MCU, refer to MCU specification.
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4.9 Description of Interrupt Operation

The MSCAN supports four interrupt vectors, any of which can be individually masked (for details see
sections3.3.1.6 MSCAN Receiver Interrupt Enable Register (CANRIER)0 3.3.1.8 MSCAN
Transmitter Interrupt Enable Register (CANTIER) ):

4.9.1 Transmit Interrupt

At least one of the three transmit buffers is empty (not scheduled) and can be loaded to schedule a message
for transmission. The TXEXx flag of the empty message buffer is set.

4.9.2 Receive Interrupt

A message is successfully received and shifted into the foreground buffer (RxFG) of the receiver FIFO.
This interrupt is generated immediately after receiving the EOF symbol. The RXF flag is set. If there are
multiple messages in the receiver FIFO, the RXF flag is set as soon as the next message is shifted to the
foreground buffer.

4.9.3 Wake-Up Interrupt

Activity on the CAN bus occurred during MSCAN internal Sleep Mode and WRIBE.1 MSCAN
Control 0 Register (CANCTLO) enabled.

4.9.4 Error Interrupt

An overrun of the receiver FIFO, error, warning or Bus-Off condition occurred3.Biie5 MSCAN
Receiver Flag Register (CANRFLG)indicates one of the following conditions:

e Qverrun
An overrun condition of the receiver FIFO as describetl2r3 Receive Structures occurred.
» CAN Status Change

The actual value of the Transmit and Receive Error Counters control the bus state of the MSCAN.
As soon as the error counters skip into a critical range (Tx/Rx-Warning, Tx/Rx-Error, Bus-Off) the
MSCAN flags an error condition. The status change, which caused the error condition, is indicated
by the TSTAT and RSTAT flags (see sect®B.1.5 MSCAN Receiver Flag Register

(CANRFLG) and3.3.1.6 MSCAN Receiver Interrupt Enable Register (CANRIER).

4.10 Interrupt Acknowledge

Interrupts are directly associated with one or more status flags in eith@i3lie5 MSCAN Receiver Flag
Register (CANRFLG) or the3.3.1.7 MSCAN Transmitter Flag Register (CANTFLG). Interrupts are
pending as long as one of the corresponding flags is set. The flags in the above registers must be reset
within the interrupt handler to handshake the interrupt. The flags are reset by writing a “1” to the
corresponding bit position. A flag cannot be cleared if the respective condition still prevails.
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NOTE: Itmustbe guaranteed thatthe CPU only clears the bit causing the current interrupt.
For this reason, bit manipulation instructionB%ET) must not be used to clear
interrupt flags. These instructions may cause accidental clearing of interrupt flags
which are set after entering the current interrupt service routine.

4.11 Recovery from STOP or WAIT

The MSCAN can recover from STOP or WAIT via the Wake-Up interrupt. This interrupt can only occur
if the MSCAN was in Sleep Mode (SLPRQ=1 and SLPAK=1) before entering Power Down Mode, the
wake-up option is enabled (WUPE=1) and the Wake-Up interrupt is enabled (WUPIE=1).

Section 5 Initialization/Application Information

5.1 MSCAN initialization

The procedure to initially start up the MSCAN module out of reset is as follows:
1. Assert CANE
2. Write to the configuration registers in Initialization Mode

3. Clear INITRQ to leave Initialization Mode and enter Normal Mode

If the configuration of registers which are writable in Initialization Mode only needs to be changed when
the MSCAN module is in Normal Mode:

1. Make sure that the MSCAN transmission queue gets empty and bring the module into Sleep Mode
by asserting SLPRQ and awaiting SLPAK

Enter Initialization Mode: Assert INITRQ and await INITAK
Write to the configuration registers in Initialization Mode
Clear INITRQ to leave Initialization Mode and continue in Normal Mode
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Section 1 Introduction

1.1 Overview

This specification describes the function of the Clocks and Reset Generator (CRG).

1.2

Features

The main features of this block are:

1.3

Phase Locked Loop (PLL) frequency multiplier

— Reference divider

— Automatic bandwidth control mode for low-jitter operation

— Automatic frequency lock detector

— CPU interrupt on entry or exit from locked condition

— Self Clock Mode in absence of reference clock

System Clock Generator

— Clock Quality Check

— Clock switch for either Oscillator or PLL based system clocks

— User selectable disabling of clocks during Wait Mode for reduced power consumption.
Computer Operating Properly (COP) watchdog timer with time-out clear window.
System Reset generation from the following possible sources:

— Power on reset

— Low voltage reset
Refer to device specification for availability of this feature.

— COP reset

— Loss of clock reset

— External pin reset
Real-Time Interrupt (RTI)

Modes of Operation

This subsection lists and briefly describes all operating modes supported by the CRG.

@ MOTOROLA

Run Mode



CRG Block User Guide — V04.05

All functional parts of the CRG are running during normal Run Mode. If RTI or COP functionality
is required the individual bits of the associated rate select registers (COPCTL, RTICTL) have to be
set to a non zero value.

* Wait Mode

This mode allows to disable the system and core clocks depending on the configuration of the
individual bits in the CLKSEL register.

» Stop Mode

Depending on the setting of the PSTP bit Stop Mode can be differentiated between Full Stop Mode
(PSTP=0) and Pseudo Stop Mode (PSTP=1).

— Full Stop Mode

The oscillator is disabled and thus all system and core clocks are stopped. The COP and the RTI
remain frozen.

— Pseudo Stop Mode

The oscillator continues to run and most of the system and core clocks are stopped. If the
respective enable bits are set the COP and RTI will continue to run, else they remain frozen.

* Self Clock Mode

Self Clock Mode will be entered if the Clock Monitor Enable Bit (CME) and the Self Clock Mode
Enable Bit (SCME) are both asserted and the clock monitor in the oscillator block detects a loss of
clock. As soon as Self Clock Mode is entered the CRG starts to perform a clock quality check. Self
Clock Mode remains active until the clock quality check indicates that the required quality of the
incoming clock signal is met (frequency and amplitude). Self Clock Mode should be used for safety
purposes only. It provides reduced functionality to the MCU in case a loss of clock is causing severe
system conditions.

1.4 Block Diagram

Figure 1-1 shows a block diagram of the CRG.
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Power on Reset

Voltage
Regulator Low Voltage Reset
CRG I
RESET
X< q Reset System Reset
Clock CM fail Generator
XCLKS. [[Monitor 5
RS OSCCLK é Clock Quality
il- = Checker
[RIEXTAL,, (ljastglrl‘ n Bus Clock >
RTAL, O
COP RTI Core Clock >
Oscillator Clock >
Registers
XFC
X< > PLLCLK .
[ VDDPLL o PLL Clock and Reset Real Time Interrupt,
[Re—VSSPLL R Control PLL Lock Interrupt
Self Clock Mode >

1) Refer to device specification for availability
of the low voltage reset feature.

Figure 1-1 Block diagram of CRG
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Section 2 Signal Description

2.1 Overview

This section lists and describes the signals that connect off chip.
2.2 Detailed Signal Descriptions

2.2.1 VDDPLL, VSSPLL

These pins provides operating voltage (VDDPLL) and ground (VSSPLL) for the PLL circuitry. This
allows the supply voltage to the PLL to be independently bypassed. Even if PLL usage is not required
VDDPLL and VSSPLL must be connected to properly.

2.2.2 XFC

A passive external loop filter must be placed on the XFC pin. The filter is a second-order, low-pass filter
to eliminate the VCO input ripple. The value of the external filter network and the reference frequency
determines the speed of the corrections and the stability of theRelier. to device specification for
calculation of PLL Loop Filter (XFC) components.If PLL usage is not required the XFC pin must be

tied to VDDPLL.
VDDPLL
LT
., I
MCU
Rs
XFC :

Figure 2-1 PLL Loop Filter Connections

2.2.3 RESET

RESET is an active low bidirectional reset pin. As an input it initializes the MCU asynchronously to a
known start-up state. As an open-drain output it indicates that an system reset (internal to MCU) has been
triggered.
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Section 3 Memory Map and Registers

3.1 Overview

CRG Block User Guide — V04.05

This section provides a detailed description of all registers accessible in the CRG.

3.2 Module Memory Map

Table 3-1 gives an overview on all CRG registers.

Table 3-1 CRG Memory Map

Ag?frseests Use Access
$_00 CRG Synthesizer Register (SYNR) R/W
$ 01 CRG Reference Divider Register (REFDV) R/W
$ 02 CRG Test Flags Register (CTFLG)! R/W
$_03 CRG Flags Register (CRGFLG) R/W
$ 04 CRG Interrupt Enable Register (CRGINT) R/W
$_05 CRG Clock Select Register (CLKSEL) R/W
$_06 CRG PLL Control Register (PLLCTL) R/W
$ 07 CRG RTI Control Register (RTICTL) R/W
$_08 CRG COP Control Register (COPCTL) R/W
$ 09 CRG Force and Bypass Test Register (FORBYP)? R/W
$ 0A CRG Test Control Register (CTCTL)3 RIW
$_0B CRG COP Arm/Timer Reset (ARMCOP) R/W

NOTES:

1. CTFLG is intended for factory test purposes only.
2. FORBYP is intended for factory test purposes only.
3. CTCTL is intended for factory test purposes only.

NOTE: Register Address = Base Address + Address Offset, where the Base Address is
defined at the MCU level and the Address Offset is defined at the module level

3.3 Register Descriptions

This section describes in address order all the CRG registers and their individual bits.

3.3.1 CRG Synthesizer Register (SYNR)

The SYNR register controls the multiplication factor of the PLL. If the PLL is on, the count in the loop
divider (SYNR) register effectively multiplies up the PLL clock (PLLCLK) from the reference frequency

by 2 x (SYNR+1). PLLCLK will not be below the minimum VCO frequency().
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NOTE:

PLLCLK = 2xOSCCLKXx

(SYNR +1)

(REFDV + 1)

If PLL is selected (PLLSEL=1), Bus Clock = PLLCLK /2
Bus Clock must not exceed the maximum operating system frequency.

Address Offset: $ 00
7 6 5 4 3 2 1 0
R 0 0
W SYN5S SYN4 SYN3 SYN2 SYN1 SYNO
RESET: 0 0 0 0 0 0 0 0

L 1

Read: anytime

= Unimplemented or Reserved

Write: anytime except if PLLSEL = 1
NOTE: Write to this register initializes the lock detector bit and the track detector bit.

3.3.2 CRG Reference Divider Register (REFDV)

The REFDV register provides a finer granularity for the PLL multiplier steps. The count in the reference

divider divides OSCCLK frequency by REFDV+1.
Address Offset: $ 01

3

2

Figure 3-1 CRG Synthesizer Register (SYNR)

1

0

7 6
\Tl 0 0 0 0 REFDV3 | REFDV2 | REFDV1 REFDVO
RESET: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

L 1

Figure 3-2 CRG Reference Divider Register (REFDV)

Read: anytime
Write: anytime except when PLLSEL =1
NOTE: Write to this register initializes the lock detector bit and the track detector bit.
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3.3.3 Reserved Register (CTFLG)

This register is reserved for factory testing of the CRG module and is not available in normal modes.

Address Offset: $ 02

7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0
W
RESET: 0 0 0 0 0 0 0 0
[ ] =Unimplemented or Reserved

Figure 3-3 Reserved Register (CTFLG)

Read: always reads $00 in normal modes

Write: unimplemented in normal modes

NOTE: Writing to this register when in special mode can alter the CRG fucntionality.

3.3.4 CRG Flags Register (CRGFLG)

This register provides CRG status bits and flags.

Address Offset: $ 03

7 6 5 4 3 2 1 0
\I/?V RTIF PORF LVRF LOCKIF LOCK TRACK SCMIF SCM
RESET: 0 . ‘ 0 0 0 0 0
[ ] =Unimplemented or Reserved
NOTES:

1. PORF is set to 1 when a power on reset occurs. Unaffected by system reset.
2. LVRF is set to 1 when a low voltage reset occurs. Unaffected by system reset.

Figure 3-4 CRG Flags Register (CRGFLG)

Read: anytime
Write: refer to each bit for individual write conditions

RTIF — Real Time Interrupt Flag

RTIF is set to 1 at the end of the RTI period. This flag can only be cleared by writing a 1. Writing a 0
has no effect. If enabled (RTIE=1), RTIF causes an interrupt request.

1 = RTI time-out has occurred.

0 = RTI time-out has not yet occurred.
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PORF — Power on Reset Flag

POREF is set to 1 when a power on reset occurs. This flag can only be cleared by writing a 1. Writing
a 0 has no effect.

1 = Power on reset has occurred.

0 = Power on reset has not occurred.

LVRF — Low Voltage Reset Flag

If low voltage reset feature is not available (see device specification) LVRF always reads 0.
LVRF is setto 1 when a low voltage reset occurs. This flag can only be cleared by writing a 1. Writing
a 0 has no effect.

1 = Low voltage reset has occurred.

0 = Low voltage reset has not occurred.

LOCKIF — PLL Lock Interrupt Flag

LOCKIF is set to 1 when LOCK status bit changes. This flag can only be cleared by writing a 1.
Writing a 0 has no effect.If enabled (LOCKIE=1), LOCKIF causes an interrupt request.

1 = LOCK bit has changed.

0 = No change in LOCK bit.

LOCK — Lock Status Bit

LOCK reflects the current state of PLL lock condition. This bit is cleared in Self Clock Mode. Writes
have no effect.

1 = PLL VCO is within the desired tolerance of the target frequency.

0 = PLL VCO is not within the desired tolerance of the target frequency.

TRACK — Track Status Bit

TRACK reflects the current state of PLL track condition. This bitis cleared in Self Clock Mode. Writes
have no effect.

1 = Tracking mode status.

0 = Acquisition mode status.

SCMIF — Self Clock Mode Interrupt Flag

SCMIF is set to 1 when SCM status bit changes. This flag can only be cleared by writing a 1. Writing
a 0 has no effect. If enabled (SCMIE=1), SCMIF causes an interrupt request.

1 = SCM bit has changed.

0 = No change in SCM bit.

SCM — Self Clock Mode Status Bit

SCM reflects the current clocking mode. Writes have no effect.
1 = MCU is operating in Self Clock Mode with OSCCLK in an unknown state. All clocks are
derived from PLLCLK running at its minimum frequeneyf.

0 = MCU is operating normally with OSCCLK available.
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3.3.5 CRG Interrupt Enable Register (CRGINT)

This register enables CRG interrupt requests.

Address Offset: $ 04

7

6

4

CRG Block User Guide — V04.05

\;RV RTIE 0 0 LOCKIE 0 0 SCMIE 0
RESET: 0 0 0 0 0 0 0 0
[ ] =Unimplemented or Reserved

Figure 3-5 CRG Interrupt Enable Register (CRGINT)

Read: anytime
Write: anytime

RTIE — Real Time Interrupt Enable Bit.
1 = Interrupt will be requested whenever RTIF is set.
0 = Interrupt requests from RTI are disabled.

LOCKIE — Lock Interrupt Enable Bit
1 = Interrupt will be requested whenever LOCKIF is set.
0 = LOCK interrupt requests are disabled.

SCMIE — Self Clock Mode Interrupt Enable Bit
1 = Interrupt will be requested whenever SCMIF is set.
0 = SCM interrupt requests are disabled.

3.3.6 CRG Clock Select Register (CLKSEL)

This register controls CRG clock selection. Refdfitpure 4-2 System Clocks Generatofor more
details on the effect of each bit.

Address Offset: $ 05

R
W
RESET:

7

6

5

4

3

2

1

0

PLLSEL

PSTP

SYSWAI

ROAWAI

PLLWAI

CWAI

RTIWAI

COPWAI

0

0

0

0

0

0

0

0

= Unimplemented or Reserved

L 1

Figure 3-6 CRG Clock Select Register (CLKSEL)

Read: anytime
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Write: refer to each bit for individual write conditions

PLLSEL — PLL Select Bit

Write anytime. Writing a one when LOCK=0 and AUTO=1, or TRACK=0 and AUTO=0 has no effect
This prevents the selection of an unstable PLLCLK as SYSCLK. PLLSEL bit is cleared when the
MCU enters Self Clock Mode, Stop Mode or Wait Mode with PLLWAI bit set.

1 = System clocks are derived from PLLCLK (Bus Clock = PLLCLK / 2).

0 = System clocks are derived from OSCCLK (Bus Clock = OSCCLK / 2).

PSTP — Pseudo Stop Bit
Write: anytime
This bit controls the functionality of the oscillator during Stop Mode.
1 = Oscillator continues to run in Stop Mode (Pseudo Stop). The oscillator amplitude is reduced.

Refer to oscillator block description for availability of a reduced oscillator amplitude.
0 = Oscillator is disabled in Stop Mode.

NOTE: Pseudo-STOP allows for faster STOP recovery and reduces the mechanical stress
and aging of the resonator in case of frequent STOP conditions at the expense of a
slightly increased power consumption.

Lower oscillator amplitude exhibits lower power consumption but could have
adverse effects during any Electro-Magnetic Susceptibility (EMS) tests.

SYSWAI — System clocks stop in Wait Mode Bit

Write: anytime
1 = In Wait Mode the system clocks stop.
0 = In Wait Mode the system clocks continue to run.

NOTE: RTI and COP are not affected by SYSWAI bit.

ROAWAI — Reduced Oscillator Amplitude in Wait Mode Bit.

Refer to oscillator block description for availability of a reduced oscillator amplitude. If no such
feature exists in the oscillator block then setting this bit to one will not have any effect on power
consumption!
Write: anytime

1 = Reduced oscillator amplitude in Wait Mode.

0 = Normal oscillator amplitude in Wait Mode.

NOTE: Lower oscillator amplitude exhibits lower power consumption but could have
adverse effects during any Electro-Magnetic Susceptibility (EMS) tests.

PLLWAI — PLL stops in Wait Mode Bit
Write: anytime
If PLLWAI is set, the CRG will clear the PLLSEL bit before entering Wait Mode. The PLLON bit

remains set during Wait Mode but the PLL is powered down. Upon exiting Wait Mode, the PLLSEL
bit has to be set manually if PLL clock is required.
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While the PLLWAI bit is set the AUTO bit is setto 1 in order to allow the PLL to automatically lock
on the selected target frequency after exiting Wait Mode.

1 = PLL stops in Wait Mode.

0 = PLL keeps running in Wait Mode.

CWAI — Core stops in Wait Mode Bit
Write: anytime
1 = Core clock stops in Wait Mode.
0 = Core clock keeps running in Wait Mode.
RTIWAI — RTI stops in Wait Mode Bit
Write: anytime
1 = RTI stops and initializes the RTI dividers whenever the part goes into Wait Mode.
0 = RTI keeps running in Wait Mode.
COPWAI — COP stops in Wait Mode Bit
Normal modes: Write once
Special modes: Write anytime
1 = COP stops and initializes the COP dividers whenever the part goes into Wait Mode.
0 = COP keeps running in Wait Mode.
3.3.7 CRG PLL Control Register (PLLCTL)

This register controls the PLL functionality.

Address Offset: $ 06

7 6 5 4 3 2 1 0
\;Rv CME PLLON AUTO ACQ 0 PRE PCE SCME
RESET: 1 1 1 1 0 0 0 1

[ ] =Unimplemented or Reserved

Figure 3-7 CRG PLL Control Register (PLLCTL)

Read: anytime
Write: refer to each bit for individual write conditions

CME — Clock Monitor Enable Bit

CME enables the clock monitor. Write anytime except when SCM = 1.
1 = Clock monitor is enabled. Slow or stopped clocks will cause a clock monitor reset sequence or
Self Clock Mode.
0 = Clock monitor is disabled.
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NOTE: Operating with CME=0 will not detect any loss of clock. In case of poor clock
quality this could cause unpredictable operation of the MCU!

In Stop Mode (PSTP=0) the clock monitor is disabled independently of the CME bit
setting and any loss of clock will not be detected.

PLLON — Phase Lock Loop On Bit

PLLON turns on the PLL circuitry. In Self Clock Mode, the PLL is turned on, but the PLLON bit reads
the last latched value. Write anytime except when PLLSEL = 1.

1 =PLL is turned on. If AUTO bit is set, the PLL will lock automatically.

0 = PLL is turned off.

AUTO — Automatic Bandwidth Control Bit

AUTO selects either the high bandwidth (acquisition) mode or the low bandwidth (tracking) mode
depending on how close to the desired frequency the VCO is running. Write anytime except when
PLLWAI=1, because PLLWAI sets the AUTO bit to 1.

1 = Automatic Mode Control is enabled and ACQ bit has no effect.

0 = Automatic Mode Control is disabled and the PLL is under software control, using ACQ bit.

ACQ — Acquisition Bit

Write anytime. If AUTO=1 this bit has no effect.
1 = High bandwidth filter is selected.
0 = Low bandwidth filter is selected.

PRE — RTI Enable during Pseudo Stop Bit

PRE enables the RTI during Pseudo Stop Mode. Write anytime.
1 = RTI continues running during Pseudo Stop Mode.
0 = RTI stops running during Pseudo Stop Mode.

NOTE: |Ifthe PRE bitis cleared the RTI dividers will go static while Pseudo-Stop Mode is
active. The RTI dividers willot initialize like in Wait Mode with RTIWAI bit set.

PCE — COP Enable during Pseudo Stop Bit

PCE enables the COP during Pseudo Stop Mode. Write anytime.
1 = COP continues running during Pseudo Stop Mode
0 = COP stops running during Pseudo Stop Mode

NOTE: |If the PCE bit is cleared the COP dividers will go static while Pseudo-Stop Mode
is active. The COP dividers wiliot initialize like in Wait Mode with COPWAI bit
set.

SCME — Self Clock Mode Enable Bit

Normal modes: Write once

Special modes: Write anytime
SCME can not be cleared while operating in Self Clock Mode (SCM=1).
0 = Detection of crystal clock failure causes clock monitor resets2é Clock Monitor Rese}.
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1 = Detection of crystal clock failure forces the MCU in Self Clock Mode4s&@ Self Clock
Mode).

3.3.8 CRG RTI Control Register (RTICTL)

This register selects the timeout period for the Real Time Interrupt.

Address Offset: $ 07

7 6 5 4 3 2 1 0
\;RV 0 RTR6 RTR5 RTR4 RTR3 RTR2 RTR1 RTRO
RESET: 0 0 0 0 0 0 0 0
|:‘ = Unimplemented or Reserved

Figure 3-8 CRG RTI Control Register (RTICTL)

Read: anytime
Write: anytime
NOTE: A write to this register initializes the RTI counter.

RTR[6:4] — Real Time Interrupt Prescale Rate Select Bits
These bits select the prescale rate for the RTITabke 3-2.

RTR[3:0] — Real Time Interrupt Modulus Counter Select Bits

These bits select the modulus counter target value to provide additional grandlably.3-2 shows
all possible divide values selectable by the RTICTL register. The source clock for the RTlis OSCCLK.

Table 3-2 RTI Frequency Divide Rates

RTR[3:0] RTR[6:4] =
000 001 010 011 100 101 110 111
(OFF) (210) (211) (212) (213) (214) (215) (216)
0000 (+1) OFF* 210 211 212 213 214 215 216
0001 (+2) OFF* 2x210 2x211 2x212 2x213 2x214 2x215 2x216
0010 (+3) OFF* 3x210 3x211 3x212 3x213 3x214 3x215 3x216
0011 (+4) OFF* 4x210 | ax2™ | ax2l? | axeB | ax2!t | axel® | axe?®
0100 (+5) OFF* 5x210 5x211 5x212 5x213 5x214 5x21° 5x216
0101 (+6) OFF* 6x210 ex211 6x212 6x213 6x214 6x21° 6x216
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Table 3-2 RTI Frequency Divide Rates

RTR[3:0] RTR[6:4] =
0110 (+7) OFF* 7x210 7x2tt 7x21? 7x213 7x214 7x215 7x216
0111 (+8) OFF* 8x210 8x21! 8x212 8x213 gx2t4 8x215 8x216
1000 (+9) OFF* 9x210 ox211 ox212 ox213 ox214 9x21° ox216
1001 (+10) OFF* 10x210 | 10x2t | 10x2'? | 10x2®® | 10x2'* | 10x2'® | 10x26
1010 (+11) OFF* 11x210 | 11x2™ | 11x212 | 11x2®® | 11x21* | 11x21® | 11x216
1011 (+12) OFF* 12x210 | 12x2tt | 12x21? | 12x2®® | 12x2% | 12x21® | 12x216
1100 (+ 13) OFF* 13x210 | 13x2t | 13x212 | 13x2'® | 13x21* | 13x21® | 13x216
1101 (+14) OFF* 14x210 | 14x2tt | 14x21? | 14x2®3 | 14x2% | 14x21 | 14x216
1110 (+15) OFF* 15x210 | 15x2t | 15x212 | 15x213 | 15x214 | 15x215 | 15x216
1111 (+ 16) OFF* 16x210 | 16x2't | 16x2'? | 16x213 | 16x2 | 16x2%° | 16x2'6

* Denotes the default value out of reset. This value should be used to disable the RTI to ensure future backwards com-
patibility.

3.3.9 CRG COP Control Register (COPCTL)

This register controls the COP (Computer Operating Properly) watchdog.

Address Offset: $ 08

7 6 5 4 3 2 1 0
\}/QV WCOP RSBCK 0 0 0 CR2 CR1 CRO
RESET: 0 0 0 0 0 0 0 0

|:| = Unimplemented or Reserved

Figure 3-9 CRG COP Control Register (COPCTL)

Read: anytime
Write: WCOP, CR2, CR1, CRO: once in user mode, anytime in special mode
Write: RSBCK: once

WCOP — Window COP Mode Bit
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When set, a write to the ARMCOP register must occur in the last 25% of the selected period. A write
during the first 75% of the selected period will reset the part. As long as all writes occur during this
window, $55 can be written as often as desired. Once $AA is written after the $55, the time-out logic
restarts and the user must wait until the next window before writing to ARMTa&ie 3-3shows
the exact duration of this window for the seven available COP rates.

1 = Window COP operation

0 = Normal COP operation

RSBCK — COP and RTI stop in Active BDM mode Bit
1 = Stops the COP and RTI counters whenever the part is in Active BDM mode.
0 = Allows the COP and RTI to keep running in Active BDM mode.

CR[2:0] — COP Watchdog Timer Rate select

These bits select the COP time-out rate (Eable 3-3). The COP time-out period is OSCCLK period
divided by CR[2:0] value. Writing a nonzero value to CR[2:0] enables the COP counter and starts the
time-out period. A COP counter time-out causes a system reset. This can be avoided by periodically
(before time-out) reinitializing the COP counter via the ARMCOP register.

Table 3-3 COP Watchdog Rates 1

OSCCLK
CR2 | CR1 | CRO | cyclesto
time-out
0 | 0 | 0| samed
0 0 1 214
0 1 0 216
0 1 1 218
1 0 0 220
1 0 1 222
1 1 0 223
1 1 1 224
NOTES:

1. OSCCLK cycles are referenced
from the previous COP time-out
reset (writing $55/$AA to the
ARMCOP register)

3.3.10 Reserved Register (FORBYP)

NOTE: Thisreserved registeris designed for factory test purposes only, and is not intended
for general user access. Writing to this register when in special modes can alter the
CRG'’s functionality.
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Address Offset: $ 09
7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0
W
RESET: 0 0 0 0 0 0 0 0

[ ] =Unimplemented or Reserved

Figure 3-10 Reserved Register (FORBYP)

Read: always read $00 except in special modes

Write: only in special modes

3.3.11 Reserved Register (CTCTL)

This reserved register is designed for factory test purposes only, and is not intended
for general user access. Writing to this register when in special test modes can alter

the CRG'’s functionality.

NOTE:

Address Offset: $ 0A

7 6 5 4 3 2 1 0
R 1 0 0 0 0 0 0 0

W
RESET: 0 0 0 0 0 0 0 0

|:| = Unimplemented or Reserved

Figure 3-11 Reserved Register (CTCTL)

Read: always read $80 except in special modes

Write: only in special modes

3.3.12 CRG COP Timer Arm/Reset Register (ARMCOP)

This register is used to restart the COP time-out period.
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7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0

w Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
RESET: 0 0 0 0 0 0 0 0

[ ] =Unimplemented or Reserved

Figure 3-12 ARMCOP Register Diagram

Read: always reads $00

Write: anytime

When the COP is disabled (CR[2:0] = “000") writing to this register has no effect.
When the COP is enabled by setting CR[2:0] nonzero, the following applies:

Writing any value other than $55 or $AA causes a COP reset. To restart the COP time-out period you
must write $55 followed by a write of $AA. Other instructions may be executed between these writes
but the sequence ($55, $AA) must be completed prior to COP end of time-out period to avoid a COP
reset. Sequences of $55 writes or sequences of $AA writes are allowed. When the WCOP bit is set,
$55 and $AA writes must be done in the last 25% of the selected time-out period; writing any value in
the first 75% of the selected period will cause a COP reset.
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Section 4 Functional Description

4.1 Functional Blocks

4.1.1 Phase Locked Loop (PLL)

The PLL is used to run the MCU from a different time base than the incoming OSCCLK. For increased
flexibility, OSCCLK can be divided in a range of 1 to 16 to generate the reference frequency. This offers
a finer multiplication granularity. The PLL can multiply this reference clock by a multiple of 2, 4, 6,...
126,128 based on the SYNR register.

[SYNR +1]
[REFDV + 1]

PLLCLK = 2xOSCCLK x
CAUTION: Although it is possible to set the two dividers to command a very high clock
frequency, do not exceed the specified bus frequency limit for the MCU.
If (PLLSEL=1), Bus Clock = PLLCLK /2

The PLL is a frequency generator that operates in either acquisition mode or tracking mode, depending on
the difference between the output frequency and the target frequency. The PLL can change between
acquisition and tracking modes either automatically or manually.

The VCO has a minimum operating frequency, which corresponds to the self clock mode fregisgpcy f

REFERENCE
: LOCK  |—> LOCK
EXTAL REFDV <3:0> FEEDBACK| DETECTOR
? REDUCED [ . Y
CONSUMPTION * REFERENCE VDDPLL/VSSPLL
OSCILLATOR PROGRAMMABLE
¢ DIVIDER TR UP
XTAL PHASE DOWN | CPUMP VCO
DETECTOR
CRYSTAL VDDPLL
MONITOR LOOP
PROGRAMMABLE -
DIVIDER LOOP
7y FILTER
: - XFC
supplied by. SYN <5:0> PIN
[] voopLuvsspLL | |PLLCLK
[ ] vopwss

Figure 4-1 PLL Functional Diagram
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4.1.1.1 PLL Operation

The oscillator output clock signal (OSCCLK) is fed through the reference programmable divider and is
divided in a range of 1 to 16 (REFDV+1) to output the REFERENCE clock. The VCO output clock,
(PLLCLK) is fed back through the programmable loop divider and is divided in a range of 2 to 128 in
increments of [2 X (SYNR +1)] to output the FEEDBACK clock. &Egpire 4-1

The phase detector then compares the FEEDBACK clock, with the REFERENCE clock. Correction pulses
are generated based on the phase difference between the two signals. The loop filter then slightly alters the
DC voltage on the external filter capacitor connected to XFC pin, based on the width and direction of the
correction pulse. The filter can make fast or slow corrections depending on its mode, as described in the
next subsection. The values of the external filter network and the reference frequency determine the speet
of the corrections and the stability of the PLL.

4.1.1.2 Acquisition and Tracking Modes

The lock detector compares the frequencies of the FEEDBACK clock, and the REFERENCE clock.
Therefore, the speed of the lock detector is directly proportional to the final reference frequency. The
circuit determines the mode of the PLL and the lock condition based on this comparison.

The PLL filter can be manually or automatically configured into one of two possible operating modes:
e Acquisition mode

In acquisition mode, the filter can make large frequency corrections to the VCO. This mode is used
at PLL start-up or when the PLL has suffered a severe noise hit and the VCO frequency is far off
the desired frequency. When in acquisition mode, the TRACK status bit is cleared in the CRGFLG
register.

» Tracking mode

In tracking mode, the filter makes only small corrections to the frequency of the VCO. PLL jitter is
much lower in tracking mode, but the response to noise is also slower. The PLL enters tracking
mode when the VCO frequency is nearly correct and the TRACK bit is set in the CRGFLG register.

The PLL can change the bandwidth or operational mode of the loop filter manually or automatically.

In automatic bandwidth control mode (AUTO = 1), the lock detector automatically switches between
acquisition and tracking modes. Automatic bandwidth control mode also is used to determine when the
PLL clock (PLLCLK) is safe to use as the source for the system and core clocks. If PLL LOCK interrupt
requests are enabled, the software can wait for an interrupt request and then check the LOCK bit. If CPU
interrupts are disabled, software can poll the LOCK bit continuously (during PLL start-up, usually) or at
periodic intervals. In either case, only when the LOCK bit is set, is the PLLCLK clock safe to use as the
source for the system and core clocks. If the PLL is selected as the source for the system and core clocks
and the LOCK bit is clear, the PLL has suffered a severe noise hit and the software must take appropriate
action, depending on the application.

The following conditions apply when the PLL is in automatic bandwidth control mode (AUTO=1):

 The TRACK bhit is a read-only indicator of the mode of the filter.
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* The TRACK bitis set when the VCO frequency is within a certain tolerafdgg,and is clear when
the VCO frequency is out of a certain tolerankgy.

* The LOCK bit is a read-only indicator of the locked state of the PLL.

* The LOCK bit is set when the VCO frequency is within a certain tolerdggg,, and is cleared
when the VCO frequency is out of a certain toleradgg,

» CPU interrupts can occur if enabled (LOCKIE = 1) when the lock condition changes, toggling the
LOCK hit.

The PLL can also operate in manual mode (AUTO = 0). Manual mode is used by systems that do not
require an indicator of the lock condition for proper operation. Such systems typically operate well below

the maximum system frequency,d and require fast start-up. The following conditions apply when in
manual mode:

* ACQ is a writable control bit that controls the mode of the filter. Before turning on the PLL in
manual mode, the ACQ bit should be asserted to configure the filter in acquisition mode.

* After turning on the PLL by setting the PLLON bit software must wait a given tigg fefore
entering tracking mode (ACQ = 0).

» After entering tracking mode software must wait a given timgg lfiefore selecting the PLLCLK as
the source for system and core clocks (PLLSEL = 1).
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4.1.2 System Clocks Generator

PLLSEL or SCM

¢ WAIT(CWAILSYSWAI),
STOP

PHASE PLLCLK
LOCK >
LOOP >

|

I

I

| 1 SYSCLK
I

| WAIT(SYSWAI),
I

I

|

I

>»Core Clock

T STOP
>

¢ WAIT(RTIWAI),

CLOCK PHASE | Bus Clock
GENERATOR

STOPPSTPPRE),

EXTAL

RTI enable

RTI

Al

\]

OSCCLK
OSCILLATOR

WAIT(COPWAI),
STOPPSTPPCE),
v COP enable

Clock S |Z

I
I
I
I
I
I
I
I
Monitor I
I
I
|
I
I
I
I
I

t-4

%5
>
=

cop

Y

WAIT(SYSWAI),
STOP

» Oscillator
Clock

STOPPSTP)
Gating —
Condition |Z

= Clock Gate

Oscillator
> Clock
(running during
Pseudo Stop Mode

Figure 4-2 System Clocks Generator

The clock generator creates the clocks used in the MCURgpee 4-2). The gating condition placed on
top of the individual clock gates indicates the dependencies of different modes (STOP, WAIT) and the
setting of the respective configuration bits.

The peripheral modules use the Bus Clock. Some peripheral modules also use the Oscillator Clock. The
memory blocks use the Bus Clock. If the MCU enters Self Clock Modet(8eeSelf Clock Modé

Oscillator clock source is switched to PLLCLK running at its minimum frequeggy. fThe Bus Clock

is used to generate the clock visible at the ECLK pin. The Core Clock signal is the clock for the CPU. The
Core Clock is twice the Bus Clock as showrFigure 4-3 . But note that a CPU cycle corresponds to one

Bus Clock.

PLL clock mode is selected with PLLSEL bit in the CLKSEL register. When selected, the PLL output
clock drives SYSCLK for the main system including the CPU and peripherals. The PLL cannot be turned
off by clearing the PLLON bit, if the PLL clock is selected. When PLLSEL is changed, it takes a maximum
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of 4 OSCCLK plus 4 PLLCLK cycles to make the transition. During the transition, all clocks freeze and
CPU activity ceases.

BUS CLOCK / ECLK

Figure 4-3 Core Clock and Bus Clock relationship

4.1.3 Clock Monitor (CM)

If no OSCCLK edges are detected within a certain time, the clock monitor within the oscillator block
generates a clock monitor fail event. The CRG then asserts self clock mode or generates a system rese
depending on the state of SCME bit. If the clock monitor is disabled or the presence of clocks is detected
no failure is indicated by the oscillator block. The clock monitor function is enabled/disabled by the CME
control bit.

4.1.4 Clock Quality Checker

The clock monitor performs a coarse check on the incoming clock signal. The clock quality checker
provides a more accurate check in addition to the clock monitor.
A clock quality check is triggered by any of the following events:

* Power on resePOR

* Low voltage resetl(VR)

* Wake-up from Full Stop Modeekit full stop

* Clock Monitor fail indication CM fail)

A time window of 50000 VCO clock cycléss calledcheck window

A number greater equal than 4096 rising OSCCLK edges witbhregk windowis calledosc ok Note that
osc okimmediately terminates the curreiteck windowSeeFigure 4-4 as an example.

NOTES:
1. VCO clock cycles are generated by the PLL when running at minimum frequency fgcy-
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VCO
clock

check window |

1 2 3 45

> L5

-
49999 '50000

|
4096 |

4095v

osc ok

Figure 4-4 Check Window Example

The Sequence for clock quality check is showRigure 4-5 .

CM fail
{ Clock OK >
POR|LVR exit full stop
Clock Monitor Rese
Enter SCM
num=0
yes
A 4 A 4
check window num=num+1

Switch to OSCCLK

Exit SCM

34

Figure 4-5 Sequence for Clock Quality Check
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NOTE: Remember that in parallel to additional actions caused by Self Clock Mode or
Clock Monitor Reséthandling the clock quality checkeontinuesto check the
OSCCLK signal.

NOTE: The Clock Quality Checker enables the PLL and the voltage regulator (VREG)
anytime a clock check has to be performed. An ongoing clock quality check could
also cause arunning PLL4E)) and an active VREG during Pseudo-Stop Mode or
Wait Mode.

4.1.5 Computer Operating Properly Watchdog (COP)

WAIT(COPV@, CRI20]
STOPPSTPPCE), 0:0:0 CR[2:0]

COP enable
OSCCLK 4'2—)%7 + 16384

gating condition

= Clock Gate
COP TIMEOUT

C—

Figure 4-6 Clock Chain for COP

The COP (free running watchdog timer) enables the user to check that a program is running and
sequencing properly. The COP is disabled out of reset. When the COP is being used, software is
responsible for keeping the COP from timing out. If the COP times out it is an indication that the software
is no longer being executed in the intended sequence; thus a system reset is initighe?l 298emputer
Operating Properly Watchdog (COP) Reset The COP runs with a gated OSCCLK (ségure 4-6

Clock Chain for COP). Three control bits in the COPCTL register allow selection of seven COP time-out
periods.

When COP is enabled, the program must write $55 and $AA (in this order) to the ARMCOP register
during the selected time-out period. Once this is done, the COP time-out period is restarted. If the program

NOTES:
1. A Clock Monitor Reset will always set the SCME bit to logical’'l’
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fails to do this and the COP times out, the part will reset. Also, if any value other than $55 or $AA is
written, the part is immediately reset.

Windowed COP operation is enabled by setting WCOP in the COPCTL register. In this mode, writes to
the ARMCOP register to clear the COP timer must occur in the last 25% of the selected time-out period.
A premature write will immediately reset the part.

If PCE bit is set, the COP will continue to run in Pseudo-Stop Mode.
4.1.6 Real Time Interrupt (RTI)

The RTI can be used to generate a hardware interrupt at a fixed periodic rate. If enabled (by setting
RTIE=1), this interrupt will occur at the rate selected by the RTICTL register. The RTI runs with a gated
OSCCLK (sedrigure 4-7 Clock Chain for RTI). At the end of the RTI time-out period the RTIF flag is
set to one and a new RTI time-out period starts immediately.

A write to the RTICTL register restarts the RTI time-out period.
If the PRE bit is set, the RTI will continue to run in Pseudo-Stop Mode.

WAIT(RTIWAI),
STOPPSTPPRE),
RTI enable
RTR[6:4]
0:0:0

gating condition

|Z = Clock Gate

_[4BmmopuLus | RTHTIMEOUT
> COUNTER RTR30) [ >

Figure 4-7 Clock Chain for RTI
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4.2 Operation Modes

4.2.1 Normal Mode

The CRG block behaves as described within this specification in all normal modes.
4.2.2 Self Clock Mode

The VCO has a minimum operating frequencyg ;. If the external clock frequency is not available due

to a failure or due to long crystal start-up time, the Bus Clock and the Core Clock are derived from the
VCO running at minimum operating frequency; this mode of operation is called Self Clock Mode. This
requires CME=1 and SCME=1. If the MCU was clocked by the PLL clock prior to entering Self Clock
Mode, the PLLSEL bit will be cleared. If the external clock signal has stabilized again, the CRG will
automatically select OSCCLK to be the system clock and return to normal modé.1S&€lock Quality
Checker for more information on entering and leaving Self Clock Mode.

NOTE: In order to detect a potential clock loss the CME bit should be always enabled
(CME=1)!

If CME bit is disabled and the MCU is configured to run on PLL clock (PLLCLK),

a loss of external clock (OSCCLK) will not be detected and will cause the system
clock to drift towards the VCO’s minimum frequengyf; As soon as the external
clock is available again the system clock ramps up to its PLL target frequency. If
the MCU is running on external clock any loss of clock will cause the system to go
static.

4.3 Low Power Options
This section summarizes the low power options available in the CRG.

4.3.1 Run Mode

The RTI can be stopped by setting the associated rate select bits to zero.

The COP can be stopped by setting the associated rate select bits to zero.
4.3.2 Wait Mode
The WAI instruction puts the MCU in a low power consumption stand-by mode depending on setting of

the individual bits in the CLKSEL register. All individual Wait Mode configuration bits can be
superposed. This provides enhanced granularity in reducing the level of power consumption during Wait
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Mode.Table 4-1 lists the individual configuration bits and the parts of the MCU that are affected in Wait

Mode.

After executing the WAl instruction the core requests the CRG to switch MCU into Wait Mode. The CRG

Table 4-1 MCU configuration during Wait Mode

PLLWAI CWAI | SYSWAI | RTIWAI |COPWAI [ROAWAI

PLL | stopped - - - -
Core - stopped | stopped - -
System - stopped - -
RTI - - stopped -
COP - - stopped -

Oscillator - - reduced?!

NOTES:

1. Refer to oscillator block description for availability of a reduced oscillator amplitude!

then checks whether the PLLWAI, CWAI and SYSWAI bits are assertedrigaee 4-8 Wait Mode

Entry/Exit Sequence. Depending on the configuration the CRG switches the system and core clocks to
OSCCLK by clearing the PLLSEL bit, disables the PLL, disables the core clocks and finally disables the

remaining system clocks. As soon as all clocks are switched off Wait Mode is active.

38
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Generate W yes
SCM Interrupt

(Wakeup from Wait)

Figure 4-8 Wait Mode Entry/Exit Sequence

A\ 4
Exit

Exit
Wait Mode

Continue w:
normal OP

Wait Mode

There are five different scenarios for the CRG to restart the MCU from Wait Mode:

* External Reset
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* Clock Monitor Reset

* COP Reset

» Self Clock Mode Interrupt
* Real Time Interrupt (RTI)

If the MCU gets an external reset during Wait Mode active, the CRG asynchronously restores all
configuration bits in the register space to its default settings and starts the reset generator. After completing
the reset sequence processing begins by fetching the normal reset vector. Wait Mode is left and the MCU
is in Run Mode again.

If the clock monitor is enabled (CME=1) the MCU is able to leave Wait-Mode when loss of
oscillator/external clock is detected by a clock monitor fail. If the SCME bit is not asserted the CRG
generates a clock monitor fail reset (CMRESET). The CRG’s behavior for CMRESET is the same
compared to external reset, but another reset vector is fetched after completion of the reset sequence. If th
SCME bit is asserted the CRG generates a SCM interrupt if enabled (SCMIE=1). After generating the
interrupt the CRG enters Self-Clock Mode and starts the clock quality checkérl(ge€lock Quality
Checker). Then the MCU continues with normal operation.If the SCM interrupt is blocked by SCMIE=0,
the SCMIF flag will be asserted and clock quality checks will be performed but the MCU will not wake-up
from Wait-Mode.

If any other interrupt source (e.g. RTI) triggers exit from Wait Mode the MCU immediately continues with
normal operation.If the PLL has been powered-down during Wait-Mode the PLLSEL bit is cleared and
the MCU runs on OSCCLK after leaving Wait-Mode. The software must manually set the PLLSEL bit
again, in order to switch system and core clocks to the PLLCLK.

If Wait Mode is entered from Self-Clock Mode the CRG will continue to check the clock quality until
clock check is successful. The PLL and voltage regulator (VREG) will remain enabled.

Table 4-2 summarizes the outcome of a clock loss while in Wait Mode.

Table 4-2 Outcome of Clock Loss in Wait Mode

CME | SCME |SCMIE [ CRG Actions
Clock failure -->
No action, clock loss not detected.

Clock failure -->
CRG performs Clock Monitor Reset immediately

0 X X

1 0 X
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Table 4-2 Outcome of Clock Loss in Wait Mode

CME

SCME

SCMIE

CRG Actions

Clock failure -->

Scenario 1: OSCCLK recovers prior to exiting Wait Mode.
— MCU remains in Wait Mode,
— VREG enabled,
— PLL enabled,
— SCM activated,
— Start Clock Quality Check,
— Set SCMIF interrupt flag.

Some time later OSCCLK recovers.

— CM no longer indicates a failure,

— 4096 OSCCLK cycles later Clock Quality Check indicates clock o.k.,
— SCM deactivated,

— PLL disabled depending on PLLWAI,

— VREG remains enabled (hever gets disabled in Wait Mode).

— MCU remains in Wait Mode.

Some time later either a wakeup interrupt occurs (no SCM interrupt)
— Exit Wait Mode using OSCCLK as system clock (SYSCLK),
— Continue normal operation.

or an External Reset is applied.
— Exit Wait Mode using OSCCLK as system clock,
— Start reset sequence.

Scenario 2: OSCCLK does not recover prior to exiting Wait Mode.
— MCU remains in Wait Mode,
— VREG enabled,
— PLL enabled,
— SCM activated,
— Start Clock Quality Check,
— Set SCMIF interrupt flag,
— Keep performing Clock Quality Checks (could continue infinitely)
while in Wait Mode.

Some time later either a wakeup interrupt occurs (no SCM interrupt)

— Exit Wait Mode in SCM using PLL clock (fscpy) as system clock,

— Continue to perform additional Clock Quality Checks until OSCCLK
is 0.k. again.

or an External RESET is applied.

— Exit Wait Mode in SCM using PLL clock (fgcpy) as system clock,

— Start reset sequence,

— Continue to perform additional Clock Quality Checks until OSCCLK
is o.k.again.
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Table 4-2 Outcome of Clock Loss in Wait Mode

CME | SCME |SCMIE |CRG Actions

Clock failure -->
— VREG enabled,
— PLL enabled,
— SCM activated,
— Start Clock Quality Check,
— SCMIF set.

SCMIF generates Self Clock Mode wakeup interrupt.

— Exit Wait Mode in SCM using PLL clock (fsc)) as system clock,

— Continue to perform a additional Clock Quality Checks until OSCCLK
is 0.k. again.

4.3.3 CPU Stop Mode

All clocks are stopped in STOP mode, dependent of the setting of the PCE, PRE and PSTP bit. The
oscillator is disabled in STOP mode unless the PSTP bit is set. All counters and dividers remain frozen but
do notinitialize. If the PRE or PCE bits are set, the RTI or COP continues to run in Pseudo-Stop Mode. In
addition to disabling system and core clocks the CRG requests other functional units of the MCU (e.g.
voltage-regulator) to enter their individual powersaving modes (if available). This is the main difference
between Pseudo-Stop Mode and Wait Mode.

After executing the STOP instruction the core requests the CRG to switch the MCU into Stop Mode. If the
PLLSEL bit is still set when entering Stop-Mode, the CRG will switch the system and core clocks to
OSCCLK by clearing the PLLSEL bit. Then the CRG disables the PLL, disables the core clock and finally
disables the remaining system clocks. As soon as all clocks are switched off Stop-Mode is active.

If Pseudo-Stop Mode (PSTP=1) is entered from Self-Clock Mode the CRG will continue to check the
clock quality until clock check is successful. The PLL and the voltage regulator (VREG) will remain
enabled. If Full-Stop Mode (PSTP=0) is entered from Self-Clock Mode an ongoing clock quality check
will be stopped. A complete timeout window check will be started when Stop Mode is left again.

Wake-up from Stop-Mode also depends on the setting of the PSTP bit.
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Core req’s
Stop Mode.

Clear PLLSEL,
Disable PLL

Wait Mode left

Exit Stop w, due to external reset Enter
ext.RESET| i Stop Mode|

yes
A
=
CMRESET
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Exit Stop w,
CMRESET
A 4
Exit
no Stop Mode|
Generate W yes l
SCM Interrupt
Exit Exit (Wakeup from Stop) Exit
Stop Mode| Stop Mode| Stop Mode|

A 4

Continue w
normal OP /™

Figure 4-9 Stop Mode Entry/Exit Sequence

4.3.3.1 Wake-up from Pseudo-Stop (PSTP=1)

Wake-up from Pseudo-Stop is the same as wake-up from Wait-Mode. There are also three different
scenarios for the CRG to restart the MCU from Pseudo-Stop Mode:
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+ External Reset
¢ Clock Monitor Fall
* Wake-up Interrupt

If the MCU gets an external reset during Pseudo-Stop Mode active, the CRG asynchronously restores all
configuration bits in the register space to its default settings and starts the reset generator. After completing
the reset sequence processing begins by fetching the normal reset vector. Pseudo-Stop Mode is left and tr
MCU is in Run Mode again.

If the clock monitor is enabled (CME=1) the MCU is able to leave Pseudo-Stop Mode when loss of
oscillator/external clock is detected by a clock monitor fail. If the SCME bit is not asserted the CRG
generates a clock monitor fail reset (CMRESET). The CRG’s behavior for CMRESET is the same
compared to external reset, but another reset vector is fetched after completion of the reset sequence. If th
SCME bit is asserted the CRG generates a SCM interrupt if enabled (SCMIE=1). After generating the
interrupt the CRG enters Self-Clock Mode and starts the clock quality checkérl(ge€lock Quality
Checker). Then the MCU continues with normal operation. If the SCM interrupt is blocked by SCMIE=0,
the SCMIF flag will be asserted but the CRG will not wake-up from Pseudo-Stop Mode.

If any other interrupt source (e.g. RTI) triggers exit from Pseudo-Stop Mode the MCU immediately
continues with normal operation. Because the PLL has been powered-down during Stop-Mode the
PLLSEL bit is cleared and the MCU runs on OSCCLK after leaving Stop-Mode. The software must set
the PLLSEL bit again, in order to switch system and core clocks to the PLLCLK.

Table 4-3 summarizes the outcome of a clock loss while in Pseudo-Stop Mode.

Table 4-3 Outcome of Clock Loss in Pseudo-Stop Mode

CME | SCME |SCMIE |CRG Actions

Clock failure -->
No action, clock loss not detected.

Clock failure -->
CRG performs Clock Monitor Reset immediately

0 X X

1 0 X
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Table 4-3 Outcome of Clock Loss in Pseudo-Stop Mode

CME

SCME

SCMIE

CRG Actions

Clock Monitor failure -->

Scenario 1: OSCCLK recovers prior to exiting Pseudo-Stop Mode.
— MCU remains in Pseudo-Stop Mode,
— VREG enabled,
— PLL enabled,
— SCM activated,
— Start Clock Quality Check,
— Set SCMIF interrupt flag.

Some time later OSCCLK recovers.

— CM no longer indicates a failure,

— 4096 OSCCLK cycles later Clock Quality Check indicates clock o.k.,
— SCM deactivated,

— PLL disabled,

— VREG disabled.

— MCU remains in Pseudo-Stop Mode.

Some time later either a wakeup interrupt occurs (no SCM interrupt)
— Exit Pseudo-Stop Mode using OSCCLK as system clock (SYSCLK),
— Continue normal operation.

or an External Reset is applied.
— Exit Pseudo-Stop Mode using OSCCLK as system clock,
— Start reset sequence.

Scenario 2: OSCCLK does not recover prior to exiting Pseudo-Stop Mode.

— MCU remains in Pseudo-Stop Mode,

— VREG enabled,

— PLL enabled,

— SCM activated,

— Start Clock Quality Check,

— Set SCMIF interrupt flag,

— Keep performing Clock Quality Checks (could continue infinitely)
while in Pseudo-Stop Mode.

Some time later either a wakeup interrupt occurs (no SCM interrupt)
— Exit Pseudo-Stop Mode in SCM using PLL clock (fsc)y) as system clock
— Continue to perform additional Clock Quality Checks until OSCCLK

is 0.k. again.

or an External RESET is applied.
— Exit Pseudo-Stop Mode in SCM using PLL clock (fscyy) as system clock
— Start reset sequence,
— Continue to perform additional Clock Quality Checks until OSCCLK
is o.k.again.
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Table 4-3 Outcome of Clock Loss in Pseudo-Stop Mode

CME | SCME |SCMIE |CRG Actions

Clock failure -->
— VREG enabled,
— PLL enabled,
— SCM activated,
— Start Clock Quality Check,
— SCMIF set.

SCMIF generates Self Clock Mode wakeup interrupt.

— Exit Pseudo-Stop Mode in SCM using PLL clock (fscy) as system clock,

— Continue to perform a additional Clock Quality Checks until OSCCLK
is 0.k. again.

4.3.3.2 Wake-up from Full Stop (PSTP=0)

The MCU requires an external interrupt or an external reset in order to wake-up from Stop-Mode.

If the MCU gets an external reset during Full Stop Mode active, the CRG asynchronously restores all
configuration bits in the register space to its default settings and will perform a maximum of 50 clock
check_windowsee4.1.4 Clock Quality Checkej. After completing the clock quality check the CRG

starts the reset generator. After completing the reset sequence processing begins by fetching the norme
reset vector. Full Stop-Mode is left and the MCU is in Run Mode again.

If the MCU is woken-up by an interrupt, the CRG will also perform a maximum of 50 clock

check _window (seet.1.4 Clock Quality Checkel). If the clock quality check is successful, the CRG will
release all system and core clocks and will continue with normal operation. If all clock checks within the
Timeout-Window are failing, the CRG will switch to Self-Clock Mode or generate a clock monitor reset
(CMRESET) depending on the setting of the SCME bit.

Because the PLL has been powered-down during Stop-Mode the PLLSEL bitis cleared and the MCU runs
on OSCCLK after leaving Stop-Mode. The software must manually set the PLLSEL bit again, in order to
switch system and core clocks to the PLLCLK.

NOTE: In Full Stop Mode the clock monitor is disabled and any loss of clock will not be
detected.
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Section 5 Resets

5.1 General

This section describes how to reset the CRG and how the CRG itself controls the reset of the MCU. It
explains all special reset requirements. Since the reset generator for the MCU is part of the CRG this
section also describes all automatic actions that occur during or as a result of individual reset conditions.
The reset values of registers and signals are provid8dation 3 Memory Map and RegistersAll reset
sources are listed ifiable 5-1. Refer to MCU specification for related vector addresses and priorities.

Table 5-1Reset Summary

Reset Source Local Enable

Power on Reset None
Low Voltage Reset None

External Reset None

Clock Monitor Reset | PLLCTL (CME=1, SCME=0)
COP Watchdog Reset | COPCTL (CR[2:0] nonzero)

5.2 Description of Reset Operation

The reset sequence is initiated by any of the following events:

« Low level is detected at tHRESET pin (External Reset).

* Power on is detected.

* Low voltage is detected.

» COP watchdog times out.

* Clock monitor failure is detected and Self-Clock Mode was disabled (SCME=0).

Upon detection of any reset event, an internal circuit drive$IBEET pin low for 128 SYSCLK cycles
(seeFigure 5-1). Since entry into reset is asynchronous it does not require a running SYSCLK. However,
the internal reset circuit of the CRG cannot sequence out of current reset condition without a running
SYSCLK. The number of 128 SYSCLK cycles might be increased by n=3 to 6 additional SYSCLK cycles
depending on the internal synchronization latency. After 128+n SYSCLK cyclBEBET pin is

released. The reset generator of the CRG waits for additional 64 SYSCLK cycles and then samples the
RESET pin to determine the originating sourtable 5-2 shows which vector will be fetched.

Table 5-2 Reset Vector Selection

sampled RESET pin ;
(64 %(gggea)\fter S(IEOS%I; 'F\)Agr?éﬁgrg Cp?ei O'ﬁﬁset Vector fetch
1 0 0 POR / LVR / External Reset
1 1 X Clock Monitor Reset
1 0 1 COP Reset

@ MOTOROLA 47



CRG Block User Guide — V04.05

Table 5-2 Reset Vector Selection

sampled RESET pin
(64 cycles after
release)

Clock Monitor COP Reset

Reset pending pending Vector fetch

POR / LVR / External Reset

0 X X with rise of RESET pin

NOTE: External circuitry connected to tHRESET pin should not include a large
capacitance that would interfere with the ability of this signal to rise to a valid logic
one within 64 SYSCLK cycles after the low drive is released.

The internal reset of the MCU remains asserted while the reset generator completes the 192 SYSCLK long
reset sequence. The reset generator circuitry always makes sure the internal reset is deasserted
synchronously after completion of the 192 SYSCLK cycles. In cadeEsE=T pin is externally driven

low for more than these 192 SYSCLK cycles (External Reset), the internal reset remains asserted too.

Figure 5-1 RESET Timing

RESET —l v v M///A

CRG qlrives RESET pinlow . RESET pin.

: released
)
svselk 72777 //AHIILI JLILIIJJLJLILILI
'4—}

128+n cycles + 64 cycles .
e ' ith n being ' .
posszb/y wit possibly
SYSCLK m’”/3 / max 6 . RESET
not C},; C/Sts me;;en ng driven low
running 0 ernar externally

synchronization

delay

5.2.1 Clock Monitor Reset

The CRG generates a Clock Monitor Reset in case all of the following conditions are true:
* Clock monitor is enabled (CME=1)
* Loss of clock is detected
» Self-Clock Mode is disabled (SCME=0).

The reset event asynchronously forces the configuration registers to their default setti8gst(sae
Section 3 Memory Map and Register In detail the CME and the SCME are reset to logical ‘1’ (which
doesn’t change the state of the CME bit, because it has already been set). As a consequence the CRG
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immediately enters Self Clock Mode and starts its internal reset sequence. In parallel the clock quality
check starts. As soon as clock quality check indicates a valid Oscillator Clock the CRG switches to
OSCCLK and leaves Self Clock Mode. Since the clock quality checker is running in parallel to the reset
generator, the CRG may leave Self Clock Mode while still completing the internal reset sequence. When
the reset sequence is finished the CRG checks the internally latched state of the clock monitor fail circuit.
If a clock monitor fail is indicated processing begins by fetching the Clock Monitor Reset vector.

5.2.2 Computer Operating Properly Watchdog (COP) Reset

When COP is enabled, the CRG expects sequential write of $55 and $AA (in this order) to the ARMCOP
register during the selected time-out period. Once this is done, the COP time-out period restarts. If the
program fails to do this the CRG will generate a reset. Also, if any value other than $55 or $AA is written,
the CRG immediately generates a reset. In case windowed COP operation is enabled writes ($55 or $AA)
to the ARMCOP register must occur in the last 25% of the selected time-out period. A premature write the
CRG will immediately generate a reset.

As soon as the reset sequence is completed the reset generator checks the reset condition. If no clock
monitor failure is indicated and the latched state of the COP timeout is true, processing begins by fetching
the COP vector.

5.2.3 Power On Reset, Low Voltage Reset

The on-chip voltage regulator detects when VDD to the MCU has reached a certain level and asserts powel
on reset or low voltage reset or both. As soon as a power on reset or low voltage reset is triggered the CRG
performs a quality check on the incoming clock signal. As soon as clock quality check indicates a valid
Oscillator Clock signal the reset sequence starts using the Oscillator clock. If after 50 check windows the
clock quality check indicated a non-valid Oscillator Clock the reset sequence starts using Self-Clock
Mode.

Figure 5-2 andFigure 5-3 show the power-up sequence for cases wheREE&ET pin is tied to VDD
and when th&ESET pin is held low.

I
| ~—— Clock Quality Check —»l |
RESET /i (no Self-Clock Mode) /
I
I

Internal POR

) L
ZAY

I
I
I
128 SYSCLK —— = *
|
I
|

Internal RESET Y 64 SYSCLK ———P»
L

Figure 5-2 RESET pin tied to VDD (by a pull-up resistor)
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' |
I
I
e ~sma
—
I
.
]

) L
I Y

) L
JAY

|
I
I
Internal POR |
I

128 SYSCLK — g - —
64 SYSCLK — |
Ay ] i<_

Internal RESET

Figure 5-3 RESET pin held low externally

50 @ MOTOROLA



CRG Block User Guide — V04.05

Section 6 Interrupts

6.1 General

The interrupts/reset vectors requested by the CRG are listeabile 6-1 . Refer to MCU specification for
related vector addresses and priorities.

Table 6-1 CRG Interrupt Vectors

Interrupt Source l\(/:lgsi Local Enable

Real time interrupt | bit CRGINT (RTIE)
LOCK interrupt | bit CRGINT (LOCKIE)
SCM interrupt | bit CRGINT (SCMIE)

6.2 Description of Interrupt Operation

6.2.1 Real Time Interrupt

The CRG generates a real time interrupt when the selected interrupt time period elapses. RTI interrupts
are locally disabled by setting the RTIE bit to zero. The real time interrupt flag (RTIF) is set tol when a
timeout occurs, and is cleared to 0 by writing a 1 to the RTIF bit.

The RTI continues to run during Pseudo Stop Mode if the PRE bit is set to 1. This feature can be used for
periodic wakeup from Pseudo Stop if the RTI interrupt is enabled.

6.2.2 PLL Lock Interrupt

The CRG generates a PLL Lock interrupt when the LOCK condition of the PLL has changed, either from
a locked state to an unlocked state or vice versa. Lock interrupts are locally disabled by setting the
LOCKIE bit to zero. The PLL Lock interrupt flag (LOCKIF) is set tol when the LOCK condition has
changed, and is cleared to 0 by writing a 1 to the LOCKIF bit.

6.2.3 Self Clock Mode Interrupt

The CRG generates a Self Clock Mode interrupt when the SCM condition of the system has changed,
either entered or exited Self Clock Mode. SCM conditions can only change if the Self Clock Mode enable
bit (SCME) is set to 1. SCM conditions are caused by a failing clock quality check after power on reset
(POR) or low voltage reset (LVR) or recovery from Full Stop Mode (PSTP=0) or Clock Monitor failure.
For details on the clock quality check refeAtt.4 Clock Quality Checker . If the clock monitor is
enabled (CME=1) a loss of external clock will also cause a SCM condition (SCME=1).
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SCM interrupts are locally disabled by setting the SCMIE bit to zero. The SCM interrupt flag (SCMIF) is
set tol when the SCM condition has changed, and is cleared to 0 by writing a 1 to the SCMIF bit.
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Section 1 Introduction

1.1 Overview

The HCS12 Enhanced Capture Timer module has the features of the HCS12 Standard Timer module
enhanced by additional featuresin order to enlarge the field of applications, in particular for automotive
ABS applications.

This design specification describes the standard timer as well as the additional features.

The basic timer consists of a 16-bit, software-programmable counter driven by a prescaler. Thistimer can
be used for many purposes, including input waveform measurements while simultaneously generating an
output waveform. Pulse widths can vary from microseconds to many seconds.

A full access for the counter registers or the input capture/output compare registers should take placein
one clock cycle. Accessing high byte and low byte separately for all of these registers may not yield the
same result as accessing them in one word.

1.2 Features

» 16-Bit Buffer Register for four Input Capture (IC) channels.

» Four 8-Bit Pulse Accumulators with 8-bit buffer registers associated with the four buffered IC
channels. Configurable also as two 16-Bit Pulse Accumulators.

* 16-Bit Modulus Down-Counter with 4-bit Prescaler.
» Four user selectable Delay Counters for input noise immunity increase.

1.3 Modes of Operation

STOP: Timer and modulus counter are off since clocks are stopped.
FREEZE: Timer and modulus counter keep on running, unless TSFRZ in TSCR($06) is set to one.
WAIT: Counters keep on running, unless TSWAI in TSCR ($06) is set to one.

NORMAL: Timer and modulus counter keep on running, unless TEN in TSCR($06) respectively
MCEN in MCCTL ($26) are cleared.

ECT_16B8C, V01.06
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1.4 Block Diagram

Bus clock —

Modulus counter
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Input capture
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Section 2 Signal Description

2.1 Overview

The ECT_16B8C module has atotal 8 externa pins.
2.2 Detailed Signal Descriptions

2.2.1 I0C7 - Input capture and Output compare channel 7
This pin serves as input capture or output compare for channel 7.
2.2.2 10C6 - Input capture and Output compare channel 6
This pin serves as input capture or output compare for channel 6.
2.2.3 10C5 - Input capture and Output compare channel 5
This pin serves as input capture or output compare for channel 7.
2.2.4 10C4 - Input capture and Output compare channel 4
This pin serves as input capture or output compare for channel 4.
2.2.5 I0C3 - Input capture and Output compare channel 3
This pin serves as input capture or output compare for channel 3.
2.2.6 10C2 - Input capture and Output compare channel 2
This pin serves as input capture or output compare for channel 2.
2.2.7 10CL1 - Input capture and Output compare channel 1
This pin serves as input capture or output compare for channel 1.
2.2.8 10CO - Input capture and Output compare channel 0

This pin serves as input capture or output compare for channel 0.

NOTE: For the description of interrupts see Section 6 Interrupts.

ECT_16B8C, V01.06
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Section 3 Memory Map and Registers

3.1 Overview

This section provides a detailed description of all memory and registers.

3.2 Module Memory Map

The memory map for the ECT moduleis given below in Table 3-1. The Address listed for each register
isthe address offset. The total addressfor each register isthe sum of the base addressfor the ECT module
and the address offset for each register.

Table 3-1 Module Memory Map

Offset Use Access
$_00 Timer Input Capture/Output Compare Select (TIOS) Read/Write
$ 01 Timer Compare Force Register (CFORC) Read/Writel
$ 02 Output Compare 7 Mask Register (OC7M) Read/Write
$ 03 Output Compare 7 Data Register (OC7D) Read/Write
$ 04 Timer Count Register High (TCNT) Read/Write?
$ 05 Timer Count Register Low (TCNT) Read/Write2
$_06 Timer System Control Registerl (TSCR1) Read/Write
$ 07 Timer Toggle Overflow Register (TTOV) Read/Write
$ 08 Timer Control Registerl (TCTL1) Read/Write
$_09 Timer Control Register2 (TCTL2) Read/Write
$ 0A Timer Control Register3 (TCTL3) Read/Write
$ 0B Timer Control Register4 (TCTL4) Read/Write
$ 0C Timer Interrupt Enable Register (TIE) Read/Write
$ 0D Timer System Control Register2 (TSCR2) Read/Write
$ OE Main Timer Interrupt Flagl (TFLG1) Read/Write
$_OF Main Timer Interrupt Flag2 (TFLG2) Read/Write
$ 10 Timer Input Capture/Oqu_lgé)Zompare Register0 High Read/Write®
$ 11 Timer Input Capture/OuE_;l)_étO():ompare Register0 Low Read/Write3
$ 12 Timer Input Capture/OuEEl)_l(J:tl(;ompare Registerl High Read/Write3
$ 13 Timer Input Capture/OuE_ﬁ)_gl?ompare Registerl Low Read/Write®
$ 14 Timer Input Capture/OuEEI{uCtzC;ompare Register2 High Read/Write®
$ 15 Timer Input Capture/Ou;_ﬁ)_thC):ompare Register2 Low Read/Write®
$ 16 Timer Input Capture/Oqu_lg;ompare Register3 High Read/Write®

Freescale Semiconductor

ECT_16B8C, V01.06

17



Table 3-1 Module Memory Map

Timer Input Capture/Output Compare Register3 Lo
$ 17 put&ap put ~omp g W Read/Write®
(TC3)
Timer Input Capture/Output Compare Register4 High
$ 18 P P (‘1)'C 2 P g g Read/Write®
Timer Input Capture/Output Compare Register4 Low
$ 19 P P (‘FI)'C 2) P 9 Read/Write®
Timer Input Capture/Output Compare Register5 High
$ 1A puttap P P g g Read/Write3
(TC5)
Timer Input Capture/Output Compare Register5 Low
$ 1B puttap b P ¢ Read/Write®
(TC5)
Timer Input Capture/Output Compare Register6 High
$ 1C putCap P P 9 d Read/Write?
(TC6)
Timer Input Capture/Output Compare Register6 Low
$ 1D put ap P P g Read/Write3
(TC6)
Timer Input Capture/Output Compare Register7 High
$ 1E P P (3'07) P g g Read/Write®
Timer Input Capture/Output Compare Register7 Low
$ 1F P P P P 9 Read/Write®
(TC7)
16-Bit Pulse Accumulator A Control Register .
$ 20 (PACTL) Read/Write
$ 21 Pulse Accumulator A Flag Register (PAFLG) Read/Write
$ 22 Pulse Accumulator Count Register3 (PACN3) Read/Write
$ 23 Pulse Accumulator Count Register2 (PACN2) Read/Write
$ 24 Pulse Accumulator Count Registerl (PACN1) Read/Write
$ 25 Pulse Accumulator Count Register0 (PACNO) Read/Write
$ 26 16-Bit Modulus Down Counter Register (MCCTL) Read/Write
16-Bit Modulus Down Counter Flag Register .
$ 27 (MCFLG) Read/Write
$ 28 Input Control Pulse Accumulator Register (ICPAR) Read/Write
$ 29 Delay Counter Control Register (DLYCT) Read/Write
$ 2A Input Control Overwrite Register (ICOVW) Read/Write
$ 2B Input Control System Control Register (ICSYS) Read/Write?
$ 2C Reserved --
$ 2D Timer Test Register (TIMTST) Read/Write?
$ 2E Reserved --
$ 2F Reserved --
16-Bit Pulse Accumulator B Control Register .
$ 30 (PBCTL) Read/Write
$ 31 16-Bit Pulse Accumulator B Flag Register (PBFLG) Read/Write
$ 32 8-Bit Pulse Accumulator Holding Register3 (PA3H) Read/Write®
$ 33 8-Bit Pulse Accumulator Holding Register2 (PA2H) Read/Write®
$ 34 8-Bit Pulse Accumulator Holding Registerl (PA1H) Read/Write®
$ 35 8-Bit Pulse Accumulator Holding RegisterO (PAOH) Read/Write®
Modulus Down-Counter Count Register High .
$ 36 (MCCNT) Read/Write

Freescale Semiconductor
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Table 3-1 Module Memory Map

$ 37 Modulus Down-Cg\ljlrgce:r’\IC%?unt Register Low Read/Write
$ 38 Timer Input Capture Holding RegisterO High (TCOH) Read/Write®
$ 39 Timer Input Capture Holding RegisterO Low (TCOH) Read/Write®
$ 3A Timer Input Capture Holding Registerl High(TC1H) Read/Write®
$ 3B Timer Input Capture Holding Registerl Low (TC1H) Read/Write®
$ 3C Timer Input Capture Holding Register2 High (TC2H) Read/Write®
$ 3D Timer Input Capture Holding Register2 Low (TC2H) Read/Write®
$ 3E Timer Input Capture Holding Register3 High (TC3H) Read/Write®
$ 3F Timer Input Capture Holding Register3 Low (TC3H) Read/Write®

1. Always read $00.

2. Only writable in special modes (test_mode = 1).

3. Write to these registers have no meaning or effect during input capture.

4. May be written once (test_mode = 0) but writes are always permitted when test_mode =0
5. Write has no effect.

3.3 Register Descriptions

Thissection consists of register descriptionsin address order. Each description includes a standard register
diagram with an associated figure number. Details of register bit and field function follow the register
diagrams, in bit order.

3.3.1 TIOS — Timer Input Capture/Output Compare Select Register

Register offset: $ 00

BIT7 6 5 4 3 2 1 BITO
\;Rv 10S7 10S6 10S5 0S4 10S3 10S2 I0S1 10S0
RESET: 0 0 0 0 0 0 0 0

Figure 3-1 Timer Input Capture/Output Compare Register (TIOS)

Read or write anytime.

|OS[7:0] — Input Capture or Output Compare Channel Configuration
0 = The corresponding channel acts as an input capture
1 = The corresponding channel acts as an output compare.

ECT_16B8C, V01.06
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3.3.2 CFORC — Timer Compare Force Register

Register offset: $ 01

BIT7 6 5 4 3 2 1 BITO
R 0 0 0 0 0 0 0 0
w FOC7 FOCG6 FOC5 FOC4 FOC3 FOC2 FOC1 FOCO
RESET: 0 0 0

Figure 3-2 Timer Compare Force Register (CFORC)

Read anytime but will always return $00 (1 state is transient). Write anytime.

FOC][7:0] — Force Output Compare Action for Channel 7-0

A write to this register with the corresponding data bit(s) set causes the action which is programmed
for output compare “x” to occur immediately. The action taken isthe same asif a successful
comparison had just taken place with the TCx register except the interrupt flag does not get set.

NOTE: A successful channel 7 output compare overrides any channel 6:0 compares.If

forced output compare on any channel occurs at the same time as the successful

output compar e then forced output compare action will take precedence and
interrupt flag won't get set.

3.3.3 OC7M — Output Compare 7 Mask Register

Register offset: $ 02
BIT7 6 5 4 3 2 1

BITO
R
W OoC7M7 OC7M6 OC7M5 OC7M4 OC7M3 OoC7M2 OoC7M1 OC7MO
RESET: 0 0 0 0 0 0 0 0

Figure 3-3 Output Compare 7 Mask Register (OC7M)

Read or write anytime.

Setting the OC7Mx (x ranges from 0 to 6) will set the corresponding port to be an output port when the
corresponding TIOSx (x ranges from 0 to 6) bit is set to be an output compare.
NOTE: A successful channel 7 output compare overrides any channel 6:0 compares. For

each OC7M bit that is set, the output compare action reflects the corresponding
OCT7D bit.

ECT_16B8C, V01.06
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3.3.4 OC7D — Output Compare 7 Data Register

Register offset: $ 03

BIT7 6 5 4 3 2 1 BITO
R
W OC7D7 OC7D6 OC7D5 OC7D4 OC7D3 OC7D2 OC7D1 OC7DO0
RESET: 0 0 0 0 0 0 0 0

Figure 3-4 Output Compare 7 Data Register (OC7D)

Read or write anytime.

A channel 7 output compare can cause bits in the output compare 7 data register to transfer to the timer
port data register depending on the output compare 7 mask register.

3.3.5 TCNT — Timer Count Register

Register offset: $_04-$ 05
BIT15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO

R tecnt | tent | tent | tent | tent | tent | tent | tent | tent | tent | tent | tent | tent | tent | tent | tent
w 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RESET: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-5 Timer Count Register (TCNT)

The 16-bit main timer is an up counter.

A full access for the counter register should take place in one clock cycle. A separate read/write for high
byte and low byte will give adifferent result than accessing them as aword.

Read anytime.
Write has no meaning or effect in the normal mode; only writable in special modes (test_ mode = 1).

The period of thefirst count after awrite to the TCNT registers may be a different size because the write
is not synchronized with the prescaler clock.

ECT_16B8C, V01.06
Freescale Semiconductor 21



3.3.6 TSCR1 — Timer System Control Register 1

Register offset: $ 06

BIT7 6 5 4 3 2 1 BITO
R 0 0
W TEN TSWAI TSFRZ TFFCA
RESET: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 3-6 Timer System Control Register 1 (TSCR1)

Read or write anytime.

TEN — Timer Enable
0 = Disables the main timer, including the counter. Can be used for reducing power consumption.
1 = Allows the timer to function normally.

If for any reason the timer is not active, there is no +64 clock for the pulse accumul ator since the +64
is generated by the timer prescaler.

TSWAI — Timer Module Stops Whilein Wait
0 = Allows the timer module to continue running during wait.
1 = Disables the timer module when the MCU isin the wait mode. Timer interrupts cannot be used
to get the MCU out of wait.

TSWAI also affects pulse accumulators and modulus down counters.

TSFRZ — Timer and Modulus Counter Stop While in Freeze Mode
0 = Allows the timer and modulus counter to continue running while in freeze mode.
1 = Disables the timer and modulus counter whenever the MCU isin freeze mode. Thisis useful
for emulation.

TSFRZ does not stop the pulse accumul ator.

TFFCA — Timer Fast Flag Clear All

0 = Allows the timer flag clearing to function normally.

1 = For TFLGL($0E), aread from an input capture or awrite to the output compare channel
($10-$1F) causes the corresponding channel flag, CnF, to be cleared. For TFLG2 ($0F), any
accessto the TCNT register ($04, $05) clears the TOF flag. Any access to the PACN3 and
PACNZ2 registers ($22, $23) clearsthe PAOVF and PAIF flagsin the PAFLG register ($21).
Any access to the PACN1 and PACNO registers ($24, $25) clears the PBOVF flag in the
PBFLG register ($31). This has the advantage of eliminating software overhead in a separate
clear sequence. Extra careisrequired to avoid accidental flag clearing due to unintended
accesses.

ECT_16B8C, V01.06
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3.3.7 TTOV — Timer Toggle On Overflow Register 1

Register offset: $_07

BIT7 6 5 4 3 2 1 BITO
R
W TOV7 TOV6 TOVS TOV4 TOV3 TOV2 TOV1 TOVO
RESET: 0 0 0 0 0 0 0 0

Figure 3-7 Timer Toggle On Overflow Register 1 (TTOV)

Read or write anytime.

TOVx — Toggle On Overflow Bits

TOVx toggles output compare pin on overflow. Thisfeature only takes effect when in output compare
mode. When s&t, it takes precedence over forced output compare but not channel 7 override events.
0 = Toggle output compare pin on overflow feature disabled
1 = Toggle output compare pin on overflow feature enabled

3.3.8 TCTL1/TCTL2 — Timer Control Register 1/Timer Control Register 2

Register offset:$ 08

BIT7 6 5 4 3 2 1 BITO
R
W om7 oL7 OM6 OL6 OM5 OL5 OM4 OoL4
RESET 0 0 0 0 0 0 0 0

Register offset:$ 09

BIT7 6 5 4 3 2 1 BITO
R
W OoM3 OoL3 OoM2 OoL2 OoM1 OoL1 OMO OoLo
RESET 0 0 0 0 0 0 0 0

Figure 3-8 Timer Control Register 1/Timer Control Register 2 (TCTL1/TCTL2)

Read or write anytime.
OMx — Output Mode

OLx — Output Level

These eight pairs of control bits are encoded to specify the output action to be taken as aresult of a
successful OCx compare. When either OMx or OLX is one, the pin associated with OCx becomes an
output tied to OCx.

ECT_16B8C, V01.06
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NOTE:

To enable output action by OMx and OLX bits on timer port, the corresponding bit
in OC7M should be cleared.

Table 3-2 Compare Result Output Action

OMx OLx Action
0 0 Timer disconnected from output pin logic
0 1 Toggle OCx output line
1 0 Clear OCx output line to zero
1 1 Set OCx output line to one

Notel:To operate the 16-bit pulse accumulators A and B (PACA and PACB) independently of input
capture or output compare 7 and 0 respectively the user must set the corresponding bits|OSx = 1, OMx
=0and OLx =0.

Note2: To enable output action using the OM7 and OL 7 bits on the timer port,the corresponding bit

OC7M7inthe OC7M register must also be cleared. The settingsfor thesebitscan beseenin Table 3-3

Table 3-3 The OC7 and OCx event priority

OC7M7=0 OC7M7=1
OC7Mx=1 OC7Mx=0 OC7Mx=1 OC7Mx=0
TC7=TCx TC7>TCx TC7=TCx TC7>TCx TC7=TCx TC7>TCx TC7=TCx TC7>TCx
IOCx=0C7Dx | IOCx=0C7Dx IOCx=0OMx/OLx IOCx=0C7Dx | IOCx=0C7Dx IOCx=OMx/OLx
IOC7=0M7/0| +OMx/OLx I0C7=0M7/0OL7 IOC7=0C7D7 | +OMx/OLx I0C7=0C7D7
L7 IOC7=0M7/0O IOC7=0C7D7
L7

Note: in Table 3-3 the IOS7 and IOSx should be set to 1

10Sx is the register TIOS bit x,

OC7Mx is the register OC7M bit x,

TCx is timer Input Capture/Output Compare register,

I0Cx is channel x,
OMx/OLx is the register TCTL1/TCTL2,
OC7Dx is the register OC7D bit x.

I0Cx = OC7Dx+ OMx/OLx, means that both OC7 event and OCx event will change channel x value.
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3.3.9 TCTL3/TCTL4 — Timer Control Register 3/Timer Control Register 4

Register offset: $ 0A

R
w
RESET:

Register offset: $ 0B

R
w
RESET:

BIT7 6 5 4 3 2 1 BITO
EDG7B EDG7A EDG6B EDG6A EDG5B EDG5A EDG4B EDG4A
0 0 0 0 0 0 0 0
BIT7 6 5 4 3 2 1 BITO
EDG3B EDG3A EDG2B EDG2A EDG1B EDGI1A EDGOB EDGOA

0

Figure 3-9 Timer Control Register 3/Timer Control Register 4 (TCTL3/TCTL4)

Read or write anytime.

EDGxB, EDGXA — Input Capture Edge Control
These eight pairs of control bits configure the input capture edge detector circuits.

The four pairs of control bits of TCTL4 also configure the 8 bit pulse accumulators PACO - 3.
For 16 - bit pulse accumulator PACB, EDGEOB & EDGEOA, control bitsof TCTL4 will decidethe active

edge.

Table 3-4 Edge Detector Circuit Configuration

EDGxB | EDGxA Configuration
0 0 Capture disabled
0 1 Capture on rising edges only
1 0 Capture on falling edges only
1 1 Capture on any edge (rising or falling)

3.3.10 TIE — Timer Interrupt Enable Register

Register offset: $ 0C

RESET:

BIT7 6 5 4 3 2 1 BITO
C71 Col C5l C4l Ca3l c2l Cll Col
0 0 0 0 0 0 0 0

Figure 3-10 Timer Interrupt Enable Register (TIE)

Read or write anytime.
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The bitsin TIE correspond bit-for-bit with the bitsin the TFLG1 status register. If cleared, the
corresponding flag is disabled from causing a hardware interrupt. If set, the corresponding flag is enabled
to cause ainterrupt.

C71-COl — Input Capture/Output Compare “X” Interrupt Enable

3.3.11 TSCR2 — Timer System Control Register 2

Register offset: $ 0D

BIT7 6 5 4 3 2 1 BITO
R 0 0 0
TOI TCRE PR2 PR1 PRO
W
RESET: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 3-11 Timer System Control Register 2 (TSCR2)

Read or write anytime.

TOI — Timer Overflow Interrupt Enable
0 = Interrupt inhibited
1 = Hardware interrupt requested when TOF flag set

TCRE — Timer Counter Reset Enable

This bit allows the timer counter to be reset by a successful output compare 7 event. This mode of
operation is similar to an up-counting modulus counter.

0 = Counter reset inhibited and counter free runs

1 = Counter reset by a successful output compare 7

Notel:If TC7 =$0000 and TCRE = 1, TCNT will stay at $0000 continuoudly. If TC7 = $FFFF and
TCRE = 1, TOF will never be set when TCNT is reset from $FFFF to $0000.

Note2: TCRE=1 and TC7!=0, the TCNT cycle period will be TC7 x "prescaler counter width" + "1 Bus Clock".

When TCRE isset and TC7 isnot equal to 0, TCNT will cyclefrom 0to TC7. When TCNT
reaches TC7 value, it will last only one bus cycle then reset to 0. for a more detail explanation please refer
to Figure 3-12

ECT_16B8C, V01.06
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Note: inFigure 3-12 ,if PR[2:0] isequal to 0, oneprescal er counter equal to onebusclock

Figure 3-12  The TCNT cycle diagram under TCRE=1 condition

prescaler
1 bus
4 counter 4 4clock 4
I | | |
 TC7 0 >< 1 X TC7-1 TC7 0
TC7 event TC7 event

PR2, PR1, PRO — Timer Prescaler Select

These three bits specify the number of +2 stages that are to be inserted between the bus clock and the
main timer counter.

Table 3-5 Prescaler Selection

PR2 PR1 PRO Prescale Factor
0 0 0 1
0 0 1 2
0 1 0 4
0 1 1 8
1 0 0 16
1 0 1 32
1 1 0 64
1 1 1 128

The newly selected prescal e factor will not take effect until the next synchronized edge where all
prescale counter stages equal zero.

3.3.12 TFLG1 — Main Timer Interrupt Flag 1

Register offset: $ OE

BIT7 6 5 4 3 2 1 BITO
R
W C7F C6F CS5F C4F C3F C2F C1lF COF
RESET: 0 0 0 0 0 0 0 0

Figure 3-13 Main Timer Interrupt Flag 1 (TFLG1)

TFLG1 indicates when interrupt conditions have occurred. To clear abit in the flag register, write aone
to the bit.
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Use of the TFMOD bit in the ICSY S register ($2B) in conjunction with the use of the ICOVW register
($2A) alows atimer interrupt to be generated after capturing two values in the capture and holding
registersinstead of generating an interrupt for every capture.

Read anytime. Write used in the clearing mechanism (set bits cause corresponding bits to be cleared).
Writing a zero will not affect current status of the bit.

When TFFCA bit in TSCR register is set, aread from an input capture or awrite into an output compare
channel ($10-$1F) will cause the corresponding channel flag CxF to be cleared.

C7F—COF — Input Capture/Output Compare Channel “x” Flag.

COF can also be set by 16 - bit Pulse Accumulator B (PACB). C3F - COF can also be set by 8 - bit pulse
accumulators PAC3 - PACO.

3.3.13 TFLG2 — Main Timer Interrupt Flag 2

Register offset: $ OF

BIT7 6 5 4 3 2 1 BITO
R 0 0
TOF
W
RESET: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 3-14 Main Timer Interrupt Flag 2 (TFLG2)

TFLG2 indicates when interrupt conditions have occurred. To clear abit in the flag register, write the bit
to one.

Read anytime. Write used in clearing mechanism (set bits cause corresponding bits to be cleared).

Any accessto TCNT will clear TFLG2 register if the TFFCA bit in TSCR register is set.

TOF — Timer Overflow Flag

Set when 16-bit free-running timer overflows from $FFFF to $0000. This bit is cleared automatically
by awrite to the TFLG2 register with bit 7 set. (See also TCRE control bit explanation.)
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3.3.14 Timer Input Capture/Output Compare Registers 0-7

TCO — Timer Input Capture/Output Compare Register 0 Register offset: $ 10-$ 11

R
w

RESET

R
w

RESET

R
w

RESET

R
w

RESET

R
w

RESET

R
w

RESET

BIT15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
tcO tcO tcO tcO tcO tcO tcO tcO tcO tcO tcO tcO tcO tcO tcO tcO
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TC1 — Timer Input Capture/Output Compare Register 1 Register offset: $ 12-$ 13
BIT15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
tcl tcl tcl tcl tcl tcl tcl tcl tcl tcl tcl tcl tcl tcl tcl tcl
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TC2 — Timer Input Capture/Output Compare Register 2 Register offset: $_14-$ 15
BITI5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
tc2 tc2 tc2 tc2 tc2 tc2 tc2 tc2 tc2 tc2 tc2 tc2 tc2 tc2 tc2 tc2
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TC3 — Timer Input Capture/Output Compare Register 3 Register offset: $ 16-$ 17
BIT15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
tc3 tc3 tc3 tc3 tc3 tc3 tc3 tc3 tc3 tc3 tc3 tc3 tc3 tc3 tc3 tc3
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TC4 — Timer Input Capture/Output Compare Register 4 Register offset: $ 18-$ 19
BIT15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
tc4 tc4 tc4 tc4 tc4 tc4 tc4 tc4 tc4 tc4 tc4 tc4 tc4 tc4 tc4 tc4
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TC5 — Timer Input Capture/Output Compare Register 5 Register offset: $ 1A-$ 1B
BIT15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
tc5 tc5 tc5 tc5 tc5 tc5 tc5 tc5 tc5 tc5 tc5 tc5 tc5 tc5 tc5 tc5
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TC6 — Timer Input Capture/Output Compare Register 6 Register offset: $ 1C-$ 1D
BIT15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
tc6 tc6 tc6 tc6 tc6 tc6 tc6 tc6 tc6 tc6 tc6 tc6 tc6 tc6 tc6 tc6
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RESET
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TC7 — Timer Input Capture/Output Compare Register 7 Register offset: $_1E-$ 1F

BIT15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
R tc7 tc7 tc7 tc7 tc7 tc7 tc7 tc7 tc7 tc7 tc7 tc7 tc7 tc7 tc7 tc7
W 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RESET 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-15 Timer Input Capture/Output Compare Registers 0-7

Depending on the TIOS hit for the corresponding channel, these registers are used to latch the value of the
free-running counter when adefined transition is sensed by the corresponding input capture edge detector
or to trigger an output action for output compare.

Read anytime. Write anytime for output compare function. Writes to these registers have no meaning or
effect during input capture. All timer input capture/output compare registers are reset to $0000.

3.3.15 PACTL — 16-Bit Pulse Accumulator A Control Register

Register offset: $ 20

BIT7 6 5 4 3 2 1 BITO
R 0
W PAEN PAMOD PEDGE CLK1 CLKO PAQOVI PAI
RESET: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 3-16 16-Bit Pulse Accumulator Control Register (PACTL)

16-Bit Pulse Accumulator A (PACA) isformed by cascading the 8-bit pulse accumulators PAC3 and
PAC2.

When PAEN is set, the PACA is enabled. The PACA shares the input pin with IC7.

Read: any time
Write: any time

PAEN — Pulse Accumulator A System Enable

0= 16-Bit Pulse Accumulator A system disabled. 8-bit PAC3 and PAC2 can be enabled when their
related enable bitsin ICPAR ($28) are set.
Pulse Accumulator Input Edge Flag (PAIF) function is disabled.

1 = 16-Bit Pulse Accumulator A system enabled. The two 8-bit pulse accumulators PAC3 and
PAC2 are cascaded to form the PACA 16-bit pulse accumulator. When PACA in enabled, the
PACNS3 and PACNZ2 registers contents are respectively the high and low byte of the PACA.
PA3EN and PA2EN control bitsin ICPAR ($28) have no effect.
Pulse Accumulator Input Edge Flag (PAIF) function is enabled.

PAEN isindependent from TEN. With timer disabled, the pulse accumulator can still function unless
pulse accumulator is disabled.
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PAMOD — Pulse Accumulator Mode

Thisbit is active only when the Pulse Accumulator A isenabled (PAEN = 1).
0 = event counter mode
1 = gated time accumul ation mode

PEDGE — Pulse Accumulator Edge Control
This bit is active only when the Pulse Accumulator A is enabled (PAEN = 1).

For PAMOD bit = 0 (event counter mode).
0 = falling edges on PT7 pin cause the count to be incremented
1 =rising edges on PT7 pin cause the count to be incremented

For PAMOD bit = 1 (gated time accumul ation mode).
0=PT7input pin high enables bus clock divided by 64 to Pulse Accumulator and thetrailing falling
edge on PT7 setsthe PAIF flag.
1 =PT7input pin low enables bus clock divided by 64 to Pulse Accumulator and the trailing rising
edge on PT7 setsthe PAIF flag
Table 3-6 Pin Action

PAMOD | PEDGE Pin Action
0 0 Falling edge
0 1 Rising edge
1 0 Div. by 64 clock enabled with pin high level
1 1 Div. by 64 clock enabled with pin low level

If thetimer isnot active (TEN = 0in TSCR), thereis no divide-by-64 since the +64 clock is generated
by the timer prescaler.

CLK1, CLKO — Clock Select Bits
Table 3-7 Clock Selection

CLK1 CLKO Clock Source
0 0 Use timer prescaler clock as timer counter clock
0 1 Use PACLK as input to timer counter clock
1 0 Use PACLK/256 as timer counter clock frequency
1 1 Use PACLK/65536 as timer counter clock frequency

For the description of PACLK please refer Figure 4-4.

If the pulse accumulator is disabled (PAEN = 0), the prescaler clock from the timer is always used as
an input clock to the timer counter. The change from one selected clock to the other happens
immediately after these bits are written.

PAOVI — Pulse Accumulator A Overflow Interrupt enable
0 = interrupt inhibited
1 = interrupt requested if PAOVF is set

PAI — Pulse Accumulator Input Interrupt enable
0 = interrupt inhibited
1 = interrupt requested if PAIF is set
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3.3.16 PAFLG — Pulse Accumulator A Flag Register

Register offset: $ 21

BIT7 6 5 4 3 2 1 BITO
R 0
PAOVF PAIF
w
RESET: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 3-17 Pulse Accumulator A Flag Register (PAFLG)

Read or write anytime. When the TFFCA bit inthe TSCR register is set, any accessto the PACNT register
will clear al the flagsin the PAFLG register.

PAOVF — Pulse Accumulator A Overflow Flag

Set when the 16-bit pulse accumulator A overflows from $FFFF to $0000,0r when 8-bit pulse
accumulator 3 (PAC3) overflows from $FF to $00.

When PACMX =1, PAOVF bit can also be set if 8 - hit pulse accumulator 3 (PAC3) reaches $FF
followed by an active edge on PT3.

Thisbit is cleared automatically by awrite to the PAFL G register with bit 1 set.

PAIF — Pulse Accumulator Input edge Flag

Set when the selected edge is detected at the PT7 input pin. In event mode the event edge triggers PAIF
and in gated time accumulation mode the trailing edge of the gate signal at the PT7 input pin triggers
PAIF.

Thisbit is cleared by awrite to the PAFL G register with bit O set.
Any accessto the PACN3, PACN2 registerswill clear all the flagsin thisregister when TFFCA bit in
register TSCR($06) is set.
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3.3.17 PACNS3, PACN2 — Pulse Accumulators Count Registers

Register offset: $ 22

RESET:

Register offset: $ 23

RESET:

BIT7 6 5 4 3 2 1 BITO
pacnt7(15) | pacnt6(14) | pacnt5(13) | pacnt4(12) | pacnt3(11) | pacnt2(10) | pacntl(9) | pacnt0(8)
0 0 0 0 0 0 0 0

Figure 3-18 Pulse Accumulators Count Register 3 (PACN3)
BIT7 6 5 4 3 2 1 BITO
pacnt7 pacnt6 pacnt5 pacnt4 pacnt3 pacnt2 pacntl pacntO
0 0 0 0 0 0 0 0

Figure 3-19 Pulse Accumulators Count Register 2 (PACN2)

Read or write any time.

The two 8-hit pulse accumulators PAC3 and PAC2 are cascaded to form the PACA 16-bit pulse
accumulator. When PACA in enabled (PAEN=1in PACTL, $20) the PACN3 and PACN2 registers
contents are respectively the high and low byte of the PACA.

When PACN3 overflows from $FF to $00, the Interrupt flag PAOVF in PAFLG ($21) is set.

Full count register access should take placein one clock cycle. A separate read/writefor high byteand low

byte will give a different result than accessing them as aword.

NOTE : When clocking pulse and write to the registers occurs simultaneously , write takes

priority and the register is not incremented.
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3.3.18 PACNL1, PACNO — Pulse Accumulators Count Registers

Register offset: $ 24

BIT7 6 5 4 3 2 1 BITO
5\/ pacnt7(15) | pacnt6(14) | pacnt5(13) | pacnt4(12) | pacnt3(11) | pacnt2(10) | pacntl(9) | pacnt0(8)
RESET: 0 0 0 0 0 0 0 0
Figure 3-20 Pulse Accumulators Count Register 1 (PACN1)
Register offset: $ 25
BIT7 6 5 4 3 2 1 BITO
\I:I pacnt7 pacnt6 pacnt5 pacnt4 pacnt3 pacnt2 pacntl pacntO
RESET: 0 0 0 0 0 0 0 0

Figure 3-21 Pulse Accumulators Count Register 0 (PACNO)

Read or write any time.

The two 8-hit pulse accumulators PAC1 and PACO are cascaded to form the PACB 16-bit pulse
accumulator. When PACB in enabled, (PBEN=1 in PBCTL, $30) the PACN1 and PACNO registers
contents are respectively the high and low byte of the PACB.

When PACN1 overflows from $FF to $00, the Interrupt flag PBOVF in PBFLG ($31) is set.

Full count register access should take placein one clock cycle. A separate read/writefor high byteand low
byte will give adifferent result than accessing them as aword

NOTE : When clocking pulse and write to the registers occurs simultaneously , write takes

priority and the register is not incremented.

3.3.19 MCCTL — 16-Bit Modulus Down-Counter Control Register

Register offset: $ 26

R
w

RESET:

BIT7 6 5 4 3 2 1 BITO
0 0
MCZI MODMC RDMCL MCEN MCPR1 MCPRO
ICLAT FLMC
0 0 0 0 0 0 0 0

Read or write any time.

MCZI — Modulus Counter Underflow Interrupt Enable
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0 = Modulus counter interrupt is disabled.
1 = Modulus counter interrupt is enabled.

MODMC — Modulus Mode Enable
0 = The counter counts once from the value written to it and will stop at $0000.
1 =Modulus modeis enabled. When the counter reaches $0000, the counter isloaded with the latest
value written to the modulus count register.

NOTE: For proper operation, the MCEN bit should be cleared before modifying the
MODMC bit in order to reset the modulus counter to $FFFF.

RDMCL — Read Modulus Down-Counter Load
0 = Reads of the modulus count register will return the present value of the count register.
1 = Reads of the modulus count register will return the contents of the load register.

ICLAT — Input Capture Force Latch Action

When input capture latch modeisenabled (LATQ and BUFEN bit in ICSY S ($2B) are set, awrite one
to this bit immediately forces the contents of the input capture registers TCO to TC3 and their
corresponding 8-bit pulse accumulators to be latched into the associated holding registers. The pulse
accumulators will be automatically cleared when the latch action occurs.

Writing zero to this bit has no effect. Read of this bit will return always zero.

FLMC — Force Load Register into the Modulus Counter Count Register
This bit is active only when the modulus down-counter is enabled (MCEN=1).

A writeoneinto thisbit loads the load register into the modul us counter count register. Thisalso resets
the modulus counter prescaler.

Write zero to this bit has no effect.
When MODM C=0, counter starts counting and stops at $0000.
Read of thisbit will return aways zero.

MCEN — Modulus Down-Counter Enable
0 = Modulus counter disabled.
1 = Modulus counter is enabled.

When MCEN=0, the counter is preset to $FFFF. Thiswill prevent an early interrupt flag when the
modulus down-counter is enabled.

MCPR1, MCPRO — Modulus Counter Prescaler select
These two bits specify the division rate of the modulus counter prescaler.

The newly selected prescaler division rate will not be effective until aload of the load register into the
modulus counter count register occurs.

ECT_16B8C, V01.06
Freescale Semiconductor 35



Table 3-8 Modulus Counter Prescaler Select

MCPR1 MCPRO Prescaler division rate
0 0 1
0 1 4
1 0 8
1 1 16

3.3.20 MCFLG — 16-Bit Modulus Down-Counter FLAG Register

Register offset: $ 27

BIT7 6 5 4 3 2 1 BITO

R 0 0 0 POLF3 POLF2 POLF1 POLFO

MCZF
W
RESET: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 3-23 16-Bit Modulus Down-Counter FLAG Register (MCFLG)

Read: any time

Write: Only for clearing bit 7

MCZF — Modulus Counter Underflow Flag
The flag is set when the modulus down-counter reaches $0000.
A write oneto this bit clears the flag. Write zero has no effect.
Any access to the MCCNT register will clear the MCZF flag in this register when TFFCA bit in
register TSCR($06) is set.
POLF3 — POLFO — First Input Capture Polarity Status
This are read only bits. Write to these bits has no effect.

Each status bit gives the polarity of the first edge which has caused an input capture to occur after
capture latch has been read.

Each POL Fx corresponds to atimer PORTX input.
0 = Thefirst input capture has been caused by afalling edge.
1 = Thefirst input capture has been caused by arising edge.
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3.3.21 ICPAR — Input Control Pulse Accumulators Register

Register offset: $ 28

BIT7 6 5 4 3 2 1 BITO
R 0
W PA3EN PA2EN PA1EN PAOEN
RESET: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 3-24 Input Control Pulse Accumulators Register (ICPAR)
The 8-bit pulse accumulators PAC3 and PAC2 can be enabled only if PAEN in PATCL ($20) is cleared.
If PAEN isset, PASEN and PA2EN have no effect.

The 8-bit pulse accumulators PAC1 and PACO can be enabled only if PBEN in PBTCL ($30) is cleared.
If PBEN is set, PA1EN and PAOEN have no effect.

Read or write any time.

PAXEN — 8-Bit Pulse Accumulator ‘x’ Enable
0 = 8-Bit Pulse Accumulator is disabled.
1 = 8-Bit Pulse Accumulator is enabled.

3.3.22 DLYCT — Delay Counter Control Register

Register offset: $ 29

BIT7 6 5 4 3 2 1 BITO
R 0 0 0 0
DLY1 DLYO
w
RESET: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved
Figure 3-25 Delay Counter Control Register (DLYCT)

Read or write any time.

If enabled, after detection of avalid edge on input capture pin, the delay counter counts the pre-selected

number of bus clock cycles, then it will generate a pulse on its output. The pulse is generated only if the
level of input signal, after the preset delay, isthe opposite of the level before the transition. Thiswill avoid
reaction to narrow input pulses.

After counting, the counter will be cleared automatically.

Delay between two active edges of the input signal period should belonger than the sel ected counter delay.
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DLYx — Delay Counter Select

Table 3-9 Delay Counter Select

DLY1 DLYO Delay
0 0 Disabled (bypassed)
0 1 256 bus clock cycles
1 0 512 bus clock cycles
1 1 1024 bus clock cycles

3.3.23 ICOVW — Input Control Overwrite Register

Register offset: $ 2A

BIT7 6 5 4 3 2 1 BITO
R
W NOVW7 NOVW6 NOVW5 NOVW4 NOVW3 NOVW2 NOVW1 NOVWO
RESET: 0 0 0 0 0 0 0 0

Figure 3-26 Input Control Overwrite Register (ICOVW)

Read or write any time.
An IC register is empty when it has been read or latched into the holding register.
A holding register is empty when it has been read.

NOVWx — No Input Capture Overwrite
0 = The contents of the related capture register or holding register can be overwritten when a new
input capture or latch occurs.
1 =Therelated capture register or holding register cannot be written by an event unlessthey are
empty (see4.2.1 IC Channels). Thiswill prevent the captured value to be overwritten until it
isread or latched in the holding register.

3.3.24 ICSYS — Input Control System Control Register

Register offset: $ 2B

BIT7 6 5 4 3 2 1 BITO
R
W SH37 SH26 SH15 SHO4 TFMOD | PACMX | BUFEN LATQ
RESET: 0 0 0 0 0 0 0 0
Figure 3-27 Input Control System Register (ICSYS)
Read: any time

Write: Can be written once (test_mode =0). Writes are always permitted when test_ mode =1.

SHxy — Share Input action of Input Capture Channelsx and y
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0 = Normal operation
1 =The channel input ‘X’ causes the same action on the channel ‘y’. The port pin ‘x’ and the
corresponding edge detector is used to be active on the channel ‘y’.

TFMOD — Timer Flag-setting Mode

Use of the TFMOD hit in the ICSY Sregister ($2B) in conjunction with the use of the ICOVW register
($2A) allows atimer interrupt to be generated after capturing two values in the capture and holding
registersinstead of generating an interrupt for every capture.

By setting TFMOD in queue mode, when NOVW hit is set and the corresponding capture and holding
registers are emptied, an input capture event will first update the related input capture register with the
main timer contents. At the next event the TCx datais transferred to the TCxH register, The TCx is
updated and the CxF interrupt flag is set.

In al other input capture cases the interrupt flag is set by avalid external event on PTX.
0 = The timer flags C3F—COF in TFLG1 ($0E) are set when avalid input capture transition on the
corresponding port pin occurs.
1 = If in queue mode (BUFEN=1 and LATQ=0), the timer flags C3FCOF in TFLG1 ($0E) are set
only when alatch on the corresponding holding register occurs.
If the queue mode is not engaged, the timer flags C3F—COF are set the same way as for
TFMOD=0.

PACMX — 8-Bit Pulse Accumulators Maximum Count
0 = Normal operation. When the 8-bit pulse accumulator has reached the value $FF, with the next
active edge, it will be incremented to $00.
1 =When the 8-bit pulse accumulator has reached the value $FF, it will not beincremented further.
The value $FF indicates a count of 255 or more.

BUFEN — IC Buffer Enable
0 = Input Capture and pulse accumulator holding registers are disabled.
1 = Input Capture and pulse accumulator holding registers are enabled. The latching mode is
defined by LATQ control bit.
Write oneinto ICLAT bitin MCCTL ($26), when LATQ is set will produce latching of input
capture and pulse accumul ators registersinto their holding registers.

LATQ — Input Control Latch or Queue Mode Enable

The BUFEN control bit should be set in order to enable the |C and pul se accumulators holding
registers. Otherwise LATQ latching modes are disabled.

Writeoneinto ICLAT bitin MCCTL ($26), when LATQ and BUFEN are set will produce latching of
input capture and pulse accumul ators registersinto their holding registers.
0 = Queue Mode of Input Capture is enabled.
The main timer value is memorized in the IC register by avalid input pin transition.
With anew occurrence of acapture, the value of the | C register will betransferred toitsholding
register and the I1C register memorizes the new timer value.
1 = Latch Mode s enabled. Latching function occurs when modul us down-counter reaches zero or
azeroiswritten into the count register MCCNT (see 4.2.1.2 Buffered I C Channels).
With alatching event the contents of 1C registers and 8-bit pulse accumulators are transferred
to their holding registers. 8-bit pulse accumulators are cleared.
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3.3.25 TIMTST — Timer Test Register

Register offset: $ 2D

BIT7 6 5 4 3 2 1 BITO

R 0 0 0 0 0 0 0

TCBYP
w
RESET: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 3-28 Timer Test Register (TIMTST)

Read: any time

Write: only in special mode (test_mode = 1).

TCBYP — Main Timer Divider Chain Bypass
0 = Normal operation
1 = For testing only. The 16-bit free-running timer counter is divided into two 8-bit halves and the
prescaler is bypassed. The clock drives both halves directly.

When the high byte of timer counter TCNT ($04) overflows from $FF to $00, the TOF flag in
TFLG2 ($0F) will be set.

3.3.26 PBCTL — 16-Bit Pulse Accumulator B Control Register

Register offset: $ 30

BIT7 6 5 4 3 2 1 BITO
R 0 0 0 0 0 0
PBEN PBOVI
w
RESET: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved
Figure 3-29 16-Bit Pulse Accumulator B Control Register (PBCTL)

Read or write any time.

16-Bit Pulse Accumulator B (PACB) isformed by cascading the 8-bit pulse accumulators PAC1 and
PACO.

When PBEN is set, the PACB is enabled. The PACB shares the input pin with 1CO.

PBEN — Pulse Accumulator B System Enable

0 = 16-bit Pulse Accumulator system disabled. 8-bit PAC1 and PACO can be enabled when their
related enable bitsin ICPAR ($28) are set.
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1 = Pulse Accumulator B system enabled. The two 8-bit pulse accumulators PAC1 and PACO are
cascaded to form the PACB 16-hit pulse accumulator. When PACB in enabled, the PACN1 and
PACNO registers contents are respectively the high and low byte of the PACB.

PA1EN and PAOEN control bitsin ICPAR ($28) have no effect.
PBEN isindependent from TEN. With timer disabled, the pulse accumulator can still function unless
pulse accumulator is disabled.

PBOVI — Pulse Accumulator B Overflow Interrupt enable
0 = interrupt inhibited
1 = interrupt requested if PBOVF is set

3.3.27 PBFLG — Pulse Accumulator B Flag Register

Register offset: $ 31

BIT7 6 1 BITO
R 0 0 0 0 0 0 0
PBOVF
w
RESET: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 3-30 Pulse Accumulator B Flag Register (PBFLG)

Read or write any time.

PBOVF — Pulse Accumulator B Overflow Flag

Thisbit is set when the 16-bit pulse accumulator B overflows from $FFFF to $0000, or when 8-bit
pulse accumulator 1 (PAC1) overflows from $FF to $00.

Thisbit is cleared by awrite to the PBFLG register with bit 1 set.

Any access to the PACN1 and PACNO registers will clear the PBOVF flag in this register when
TFFCA bit in register TSCR($06) is set.

When PACMX =1, PBOVF bit can also be set if 8 - bit pulse accumulator 1 (PAC1) reaches $FF and
followed an active edge comes on PT1.
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3.3.28 PA3H-PAOH — 8-Bit Pulse Accumulators Holding Registers

Register offset: $ 32

BIT7 6 5 4 3 2 1 BITO
R PA3H7 PA3H6 PA3H5 PA3H4 PA3H3 PA3H2 PA3H1 PA3HO
W
RESET: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 3-31 8-Bit Pulse Accumulators Holding Register 3 (PA3H)

Register offset: $ 33

BIT7 6 5 4 3 2 1 BITO
R PA2H7 PA2H6 PA2H5 PA2H4 PA2H3 PA2H2 PA2H1 PA2HO
W
RESET: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 3-32 8-Bit Pulse Accumulators Holding Register 2 (PA2H)

Register offset: $_34

BIT7 6 5 4 3 2 1 BITO
R PA1H7 PA1H6 PA1HS5 PA1H4 PA1H3 PA1H2 PA1H1 PA1HO
W
RESET: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 3-33 8-Bit Pulse Accumulators Holding Register 1 (PA1H)
Register offset: $ 35
BIT7 6 5 4 3 2 1 BITO
R PAOH7 PAOH6 PAOHS5 PAOH4 PAOH3 PAOH2 PAOH1 PAOHO
w
RESET: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 3-34 8-Bit Pulse Accumulators Holding Register 0 (PAOH)
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Read: any time
Write: has no effect.

Theseregisters are used to latch the value of the corresponding pul se accumulator when the related bitsin
register ICPAR ($28) are enabled (see 4.2.2 Pulse Accumulators).

3.3.29 MCCNT — Modulus Down-Counter Count Register

Register address:$_36-$_37
BIT15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO

R mcent | meent {meent | meent| meent | meent | meent| meent | meent | meent | meent | meent | meent | meent | meent  meent
W 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RESET 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Figure 3-35 Modulus Down-Counter Count Register (MCCNT)

Read or write any time.

A full access for the counter register should take place in one clock cycle. A separate read/write for high
byte and low byte will give different result than accessing them as a word.

If the RDMCL bitin MCCTL register iscleared, reads of theMCCNT register will return the present value
of the count register. If the RDMCL bit is set, reads of the MCCNT will return the contents of the load
register.

If a$0000 iswritteninto MCCNT and modulus counter while LATQ and BUFEN in ICSY S($2B) register
are set, the input capture and pulse accumulator registers will be latched.

With a$0000 write to the MCCNT, the modulus counter will stay at zero and does not set the MCZF flag
in MCFLG register.

If modulus mode is enabled (MODMC=1), awrite to this address will update the load register with the
value written to it. The count register will not be updated with the new value until the next counter
underflow.

The FLMC bitin MCCTL ($26) can be used to immediately update the count register with the new value
if animmediate load is desired.

If modulus mode is not enabled (MODMC=0), awrite to this address will clear the prescaler and will
immediately update the counter register with the value written to it and down-counts once to $0000.
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3.3.30 Timer Input Capture Holding Registers 0-3

Register offset: $ 38-$ 39

BIT15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
R TC15|TC14 | TC13|TC12 | TC11|TC10| TC9 | TC8 | TC7 | TC6 | TC5 | TC4 | TC3 | TC2 | TC1 | TCO

RESET: O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 3-36 Timer Input Capture Holding Register 0 (TCOH)

Register offset: $_3A-$_3B

BIT1S 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
R TC15|TC14 | TC13|TC12 | TC11|TC1l0| TC9 | TC8 | TC7 | TC6 | TC5 | TC4 | TC3 | TC2 | TC1 | TCO

RESET: O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 3-37 Timer Input Capture Holding Register 1 (TC1H)

Register offset: $ 3C-$ 3D

BIT15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
R TC15|TC14|TC13|TC12 | TC11|TC10| TC9 | TC8 | TC7 | TC6 | TC5 | TC4 | TC3 | TC2 | TC1 | TCO

RESET: O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 3-38 Timer Input Capture Holding Register 2 (TC2H)

Register offset: $_3E-$_3F

BIT1S 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
R TC15|TC14 |TC13|TC12 | TC11|TC10| TC9 | TC8 | TC7 | TC6 | TC5 | TC4 | TC3 | TC2 | TC1 | TCO

RESET: O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 3-39 Timer Input Capture Holding Register 3 (TC3H)
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Read: any time
Write: has no effect.

These registers are used to latch the value of the input capture registers TCO — TC3. The corresponding
1OSx bitsin TIOS ($00) should be cleared (see 4.2.1 1C Channels).
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Section 4 Functional Description

4.1 General

This section provides a complete functional description of the ECT block, detailing the operation of the
design from the end user perspective in a number of subsections.
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Refer to the Timer Block Diagrams from Figure 4-1 to Figure 4-5 as necessary.

Figure 4-1 Detailed Timer Block Diagram in Latch mode
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Figure 4-2 Detailed Timer Block Diagram in Queue mode
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PO

Figure 4-3 8-Bit Pulse Accumulators Block Diagram

Load holding register and reset pulse accumulator
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Figure 4-4 16-Bit Pulse Accumulators Block Diagram
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Figure 4-5 Block Diagram for Port7 with Output compare/Pulse Accumulator A

16-bit Main Timer

Pn »| Edge detector | Delay counter | =‘

i

TCn Input Capture Reg.

Set CnF Interrupt

==y
)

Y

TCnH I.C. Holding Reg.

BUFEN « LATQ « TFMOD

4.2 Enhanced Capture Timer Modes of Operation

The Enhanced Capture Timer has 8 Input Capture, Output Compare (IC/OC) channels same as on the
HC12 standard timer (timer channels TCO to TC7). When channels are selected as input capture by
selecting the IOSx bit in TIOS register, they are called Input Capture (1C) channels.

Four IC channels are the same as on the standard timer with one capture register each which memorizes
the timer value captured by an action on the associated input pin.

Four other 1C channels, in addition to the capture register, have al'so one buffer each called holding
register. This permits to memorize two different timer values without generation of any interrupt.

Four 8-bit pulse accumulators are associated with the four buffered |C channels. Each pul se accumulator
has a holding register to memorize their value by an action on its external input. Each pair of pulse
accumulators can be used as a 16-bit pulse accumulator.

The 16-bit modulus down-counter can control the transfer of the IC registers contents and the pulse
accumulators to the respective holding registers for a given period, every time the count reaches zero.

The modulus down-counter can also be used as a stand-al one time base with periodic interrupt capability.
4.2.1 I1C Channels

The IC channels are composed of four standard IC registers and four buffered |C channels.

AnIC register isempty when it has been read or latched into the holding register.
A holding register is empty when it has been read.
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4.2.1.1 Non-Buffered IC Channels

The main timer value is memorized in the IC register by avalid input pin transition. If the corresponding
NOVWx bit of the ICOVW register is cleared, with a new occurrence of a capture, the contents of 1C
register are overwritten by the new value.

If the corresponding NOVWx bit of the ICOVW register is set, the capture register cannot be
written unlessit is empty.

Thiswill prevent the captured value to be overwritten until it is read.
4.2.1.2 Buffered IC Channels

There are two modes of operations for the buffered 1C channels.
* |C Latch Mode:

When enabled (LATQ=1), the main timer value is memorized in the IC register by avalid input pin
transition. See Figure 4-1

The value of the buffered I C register islatched to its holding register by the Modulus counter for a given
period when the count reaches zero, by a write $0000 to the modulus counter or by awriteto ICLAT in
the MCCTL register.

If the corresponding NOVWx bit of the ICOVW register is cleared, with a new occurrence of a capture,
the contents of | C register are overwritten by the new value. In case of latching, the contents of its holding
register are overwritten.

If the corresponding NOVWx hit of the ICOVW register is set, the capture register or its holding register
cannot be written by an event unlessthey are empty (see 4.2.1). Thiswill prevent the captured value to be
overwritten until it isread or latched in the holding register.

* |C gqueue mode:

When enabled (LATQ=0), the main timer value is memorized in the I C register by avalid input pin
transition. See Figure 4-2

If the corresponding NOV WX bit of the ICOVW register is cleared, with a new occurrence of a capture,
the value of the I C register will betransferred to its holding register and the | C register memorizesthe new
timer value.

If the corresponding NOVWx hit of the ICOVW register is set, the capture register or its holding register
cannot be written by an event unless they are empty (see 4.2.1).

In queue mode, reads of holding register will latch the corresponding pulse accumulator value to its
holding register.

4.2.2 Pulse Accumulators

There are four 8-bit pulse accumulators with four 8-bit holding registers associated with the four IC
buffered channels. A pulse accumulator counts the number of active edges at the input of its channel.
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The user can prevent 8-bit pulse accumulators counting further than $FF by PACM X control bitin ICSY S
($2B). In this case a value of $FF means that 255 counts or more have occurred.

Each pair of pulse accumulators can be used as a 16-bit pulse accumulator. See Figure 4-4

There are two modes of operation for the pulse accumulators.
4.2.2.1 Pulse Accumulator latch mode

The value of the pulse accumulator is transferred to its holding register when the modulus down-counter
reaches zero, awrite $0000 to the modulus counter or when the force latch control bit ICLAT iswritten.

At the same time the pulse accumulator is cleared.
4.2.2.2 Pulse Accumulator queue mode

When queue mode is enabled, reads of an input capture holding register will transfer the contents of the
associated pulse accumulator to its holding register.

At the same time the pulse accumulator is cleared.
4.2.3 Modulus Down-Counter

The modulus down-counter can be used as atime base to generate a periodic interrupt. It can also be used
to latch the values of the IC registers and the pul se accumulators to their holding registers.

The action of latching can be programmed to be periodic or only once.
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Section 5 Reset

5.1 General

Thereset state of each individual bit islisted within the Register Description section (Section 3 Memory
Map and Registers) which details the registers and their bit-fields.
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Section 6 Interrupts

6.1 General

Thissection describesinterrupts originated by the ECT_16B8C block.The M CU must service theinterrupt
requests. Table 6-1 lists the interrupts generated by the ECT to communicate with the MCU.

Table 6-1 ECT Interrupts
Interrupt Source Description
Timer Channel 7-0 | Active high timer channel interrupts 7-0

Modulus counter

Active high modulus counter interrupt
underflow

Pulse Accumulator B

Overflow Active high pulse accumulator B interrupt

Pulse Accumulator A | Active high pulse accumulator A input
Input interrupt

Pulse Accumulator A
Overflow

Pulse accumulator overflow interrupt

Timer Overflow Timer Overflow interrupt

6.2 Description of Interrupt Operation

The ECT_16B8C only originates interrupt requests. The following is a description of how the module
makes a request and how the MCU should acknowledge that request. The interrupt vector offset and
interrupt number are chip dependent.

6.2.1 Channel [7:0] Interrupt

This active high output will be asserted by the module to request atimer channel 7 - O interrupt to be
serviced by the system controller.

6.2.2 Modulus Counter Interrupt

This active high output will be asserted by the module to request a modulus counter underflow interrupt
to be serviced by the system controller.

6.2.3 Pulse Accumulator B Overflow Interrupt)

This active high output will be asserted by the module to request atimer pulse accumulator B overflow
interrupt to be serviced by the system controller.

6.2.4 Pulse Accumulator A Input Interrupt

This active high output will be asserted by the module to request a timer pulse accumulator A input
interrupt to be serviced by the system controller.
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6.2.5 Pulse Accumulator A Overflow Interrupt

This active high output will be asserted by the module to request a timer pulse accumulator A overflow
interrupt to be serviced by the system controller.

6.2.6 Timer Overflow Interrupt

This active high output will be asserted by the module to request atimer overflow interrupt to be serviced
by the system controller.
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Section 1 Introduction

1.1 Overview

The Inter-IC Bus (11C or 12C) isatwo-wire, bidirectional serial bus that provides asimple, efficient
method of data exchange between devices Being atwo-wire device, the 11C Bus minimizes the need for
large numbers of connections between devices, and eliminates the need for an address decoder.

Thisbusis suitable for applications requiring occasional communications over ashort distance between a
number of devices. It also providesflexibility, allowing additional devices to be connected to the bus for
further expansion and system devel opment.

The interface will operate at baud rates of up to 100kbps with maximum capacitive bus loading.With
reduced bus slew rate, the device is capable of operating at higher baud rates, up to a maximum of
[MCUbus|clock/20. The module can operate up to a baud rate of 400kbps provided the 11C bus slew rate
isless than 100ns. The maximum communication interconnect length and the number of devices that can
be connected to the bus are limited by a maximum bus capacitance of 400pF in all instances.

1.2 Features

The 11C module has the following key features:

* Compatible with 12C Bus standard

* Multi-master operation

» Software programmable for one of 256 different seria clock frequencies
» Software selectable acknowledge bit

* Interrupt driven byte-by-byte data transfer

» Arbitration lost interrupt with automatic mode switching from master to slave
» Cadling address identification interrupt

» Start and stop signal generation/detection

* Repeated start signal generation

» Acknowledge bit generation/detection

* Busbusy detection

1.3 Modes of Operation

The I1C functions the same in normal, special, and emulation modes. It has two low power modes, wait
and stop modes.
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* Run Mode
Thisisthe basic mode of operation.
* Wait Mode

I1C operation in wait mode can be configured. Depending on the state of internal bits, the 11C can
operate normally when the CPU isin wait mode or the 11C clock generation can be turned off and
the I1C module enters a power conservation state during wait mode. In the latter case, any
transmission or reception in progress stops at wait mode entry.

e Stop Mode

The llC isinactive in stop mode for reduced power consumption. The STOP instruction does not
affect I1C register states.

1.4 Block Diagram

The block diagram of the 11C moduleisshown in Figure 1-1

lc

Start

Stop
Arbitration
Control

Registers

Interrupt
- In/Out ~«——» SCL
Clock Data

bus_clock Control Shift
> Register <«—» SDA

Address
Compare

Figure 1-1 IIC Block Diagram
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. Y Y Y Y Y Y Y Y Y Y :
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: ) r
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: B Control ;
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Section 2 External Signal Description

2.1 Overview

The 11C module has atotal of 2 external pins.

2.2 Detailed Signal Descriptions

2.2.1 SCL

Thisisthe bidirectional Serial Clock Line (SCL) of the module, compatible to the I1C-Bus specification.

2.2.2 SDA

Thisisthe bidirectional Serial Dataline (SDA) of the module, compatible to the 11C-Bus specification.
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Section 3 Memory Map/Register Definition

3.1 Overview

This section provides a detailed description of all memory and registers for the I1C module.

3.2 Module Memory Map

The memory map for the I1C module is given below in Table 3-1. The Address listed for each register is
the address offset. The total address for each register isthe sum of the base addressfor the 11C module and
the address offset for each register.

Table 3-1 Module Memory Map

Address Use Access
Base Address+$ 0 [1C-Bus Address Register (IBAD) Read/Write
Base Address+$_1 | 11C-Bus Frequency Divider Register (IBFD) Read/Write
Base Address+ $_2 [1C-Bus Control Register (IBCR) Read/Write
Base Address+ $_3 I1C-Bus Status Register (IBSR) Read/Write
Base Address+ $ 4 [1C-Bus Data I/O Register (IBDR) Read/Write

3.3 Register Descriptions

This section consists of register descriptionsin address order.Each description includes a standard register
diagram with an associated figure number. Details of register bit and field function follow the register
diagrams, in bit order.

3.3.1 lIC Address Register

Register address: Base Address + $0000)

7 6 5 4 3 2 1 0
\I/?v ADR7 ADRG6 ADR5 ADR4 ADR3 ADR2 ADR1 0
RESET: 0 0 0 0 0 0 0 0

[ ] =Unimplemented or Reserved

Figure 3-1 IIC Bus Address Register (IBAD)

Read and write anytime

Thisregister contains the addressthe I1C Buswill respond to when addressed as asave; notethat it is not
the address sent on the bus during the address transfer.

ADR7-ADR1 — Slave Address
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Bit 1 to bit 7 contain the specific slave address to be used by the [1C Bus module.The default mode of 11C

Busis slave mode for an address match on the bus.

RESERVED
Bit O of the IBAD isreserved for future compatibility. This bit will always read O.

3.3.2 lIC Frequency Divider Register

Register address: Base address + $0001

7 6 5 4 3 2 1 0
\;Rv IBC7 IBC6 IBC5 IBC4 IBC3 IBC2 IBC1 IBCO
RESET: 0 0 0 0 0 0 0 0
[ ] =uUnimplemented or Reserved

Figure 3-2 IIC Bus Frequency Divider Register (IBFD)

Read and write anytime

IBC7-IBCO — I-Bus Clock Rate 7-0

Thisfield isused to prescale the clock for bit rate selection. The bit clock generator isimplemented as
aprescale divider - IBC7-6, prescaled shift register - IBC5-3 select the prescaler divider and IBC2-0
select the shift register tap point. The IBC bits are decoded to give the Tap and Prescale values as

shownin Table 3-2
Table 3-2 I-Bus Tap and Prescale Values

16

IBC2-0 SCL Tap | SDA Tap
(bin) (clocks) | (clocks)
000 5 1
001 6 1
010 7 2
011 8 2
100 9 3
101 10 3
110 12 4
111 15 4
IBC5-3 scl2start | scl2stop scl2tap tap2tap
(bin) (clocks) | (clocks) | (clocks) | (clocks)
000 2 7 4 1
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IBC5-3 scl2start | scl2stop scl2tap tap2tap
(bin) (clocks) | (clocks) | (clocks) | (clocks)
001 2 7 4 >
010 2 9 6 4
011 6 9 6 g
100 14 17 14 16
101 30 33 30 2
110 62 65 62 64
111 126 129 126 128

Table 3-3 Multiplier Factor

IBC7-6 MUL
00 01
01 02
10 04
11 RESERVED

The number of clocksfrom thefalling edge of SCL to thefirst tap (Tap[1]) isdefined by the values shown

in the scl2tap column of Table 3-2, all subsequent tap points are separated by 2'BC>

as shown in the

tap2tap columnin Table 3-2. The SCL Tap isused to generated the SCL period and the SDA Tapisused
to determine the delay from the falling edge of SCL to SDA changing, the SDA hold time

IBC7-6 defines the multiplier factor MUL. The values of MUL are shown in the Table 3-3

- — — >

SDA
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—\

[

I<—SCL Hold(start)

START condition

SN

—> |<—SCL Hold(stop

STOP condition

Figure 3-3 SCL divider and SDA hold

The equation used to generate the divider values from the IBFD bitsis:
SCL Divider = MUL x {2 x (scl2tap + [(SCL_Tap -1) x tap2tap] + 2)}
The SDA hold delay is equal to the CPU clock period multiplied by the SDA Hold value shown in

Table 3-4. The equation used to generate the SDA Hold value from the IBFD hitsis:

SDA Hold = MUL x {scl2tap + [(SDA_Tap - 1) x tap2tap] + 3} The equation for SCL Hold valuesto

generate the start and stop conditions from the IBFD hitsis:
SCL Hold(start) = MUL x [scl2start + (SCL_Tap - 1) x tap2tap]

SCL Hold(stop) = MUL x [scl2stop + (SCL_Tap - 1) x tap2tap]

Table 3-4 1IC Divider and Hold Values

IBC[7:0] SCL Divider SDA Hold SCL Hold SCL Hold
(hex) (clocks) (clocks) (start) (stop)
MUL=1

00

20

11

01

22

12

02

24

13

03

26

14

04

28

© | 00| ©

10

15

18
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IBC[7:0] SCL Divider SDA Hold SCL Hold SCL Hold
(hex) (clocks) (clocks) (start) (stop)
05 30 9 11 16
06 34 10 13 18
07 40 10 16 21
08 28 7 10 15
09 32 7 12 17
OA 36 9 14 19
0B 40 9 16 21
oc 44 11 18 23
oD 48 11 20 25
OE 56 13 24 29
OF 68 13 30 35
10 48 9 18 25
11 56 9 22 29
12 64 13 26 33
13 72 13 30 37
14 80 17 34 41
15 88 17 38 45
16 104 21 46 53
17 128 21 58 65
18 80 9 38 41
19 96 9 46 49
1A 112 17 54 57
1B 128 17 62 65
1C 144 25 70 73
1D 160 25 78 81
1E 192 33 94 97
1F 240 33 118 121
20 160 17 78 81
21 192 17 94 97
22 224 33 110 113
23 256 33 126 129
24 288 49 142 145
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IBC[7:0] SCL Divider SDA Hold SCL Hold SCL Hold
(hex) (clocks) (clocks) (start) (stop)

25 320 49 158 161
26 384 65 190 193
27 480 65 238 241
28 320 33 158 161
29 384 33 190 193
2A 448 65 222 225
2B 512 65 254 257
2C 576 97 286 289
2D 640 97 318 321
2E 768 129 382 385
2F 960 129 478 481
30 640 65 318 321
31 768 65 382 385
32 896 129 446 449
33 1024 129 510 513
34 1152 193 574 577
35 1280 193 638 641
36 1536 257 766 769
37 1920 257 958 961
38 1280 129 638 641
39 1536 129 766 769
3A 1792 257 894 897
3B 2048 257 1022 1025
3C 2304 385 1150 1153
3D 2560 385 1278 1281
3E 3072 513 1534 1537
3F 3840 513 1918 1921
MUL=2

40 40 14 12 22
41 44 14 14 24
42 48 16 16 26
43 52 16 18 28

20
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IBC[7:0] SCL Divider SDA Hold SCL Hold SCL Hold
(hex) (clocks) (clocks) (start) (stop)
44 56 18 20 30
45 60 18 22 32
46 68 20 26 36
47 80 20 32 42
48 56 14 20 30
49 64 14 24 34
4A 72 18 28 38
4B 80 18 32 42
4C 88 22 36 46
4D 96 22 40 50
4E 112 26 48 58
4F 136 26 60 70
50 96 18 36 50
51 112 18 44 58
52 128 26 52 66
53 144 26 60 74
54 160 34 68 82
55 176 34 76 90
56 208 42 92 106
57 256 42 116 130
58 160 18 76 82
59 192 18 92 98
5A 224 34 108 114
5B 256 34 124 130
5C 288 50 140 146
5D 320 50 156 162
5E 384 66 188 194
5F 480 66 236 242
60 320 34 156 162
61 384 34 188 194
62 448 66 220 226
63 512 66 252 258
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22

IBC[7:0] SCL Divider SDA Hold SCL Hold SCL Hold
(hex) (clocks) (clocks) (start) (stop)

64 576 98 284 290
65 640 98 316 322
66 768 130 380 386
67 960 130 476 482
68 640 66 316 322
69 768 66 380 386
6A 896 130 444 450
6B 1024 130 508 514
6C 1152 194 572 578
6D 1280 194 636 642
6E 1536 258 764 770
6F 1920 258 956 962
70 1280 130 636 642
71 1536 130 764 770
72 1792 258 892 898
73 2048 258 1020 1026
74 2304 386 1148 1154
75 2560 386 1276 1282
76 3072 514 1532 1538
77 3840 514 1916 1922
78 2560 258 1276 1282
79 3072 258 1532 1538
TA 3584 514 1788 1794
7B 4096 514 2044 2050
7C 4608 770 2300 2306
7D 5120 770 2556 2562
7E 6144 1026 3068 3074
7F 7680 1026 3836 3842
MUL=4

80 80 28 24 44
81 88 28 28 48
82 96 32 32 52
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IBC[7:0] SCL Divider SDA Hold SCL Hold SCL Hold
(hex) (clocks) (clocks) (start) (stop)

83 104 32 36 56

84 112 36 40 60

85 120 36 44 64

86 136 40 52 72

87 160 40 64 84

88 112 28 40 60

89 128 28 48 68

8A 144 36 56 76

8B 160 36 64 84

8C 176 44 72 92

8D 192 44 80 100
8E 224 52 96 116
8F 272 52 120 140
90 192 36 72 100
91 224 36 88 116
92 256 52 104 132
93 288 52 120 148
94 320 68 136 164
95 352 68 152 180
96 416 84 184 212
97 512 84 232 260
98 320 36 152 164
99 384 36 184 196
9A 448 68 216 228
9B 512 68 248 260
9C 576 100 280 292
9D 640 100 312 324
9E 768 132 376 388
9F 960 132 472 484
AO 640 68 312 324
Al 768 68 376 388
A2 896 132 440 452
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24

IBC[7:0] SCL Divider SDA Hold SCL Hold SCL Hold
(hex) (clocks) (clocks) (start) (stop)

A3 1024 132 504 516

A4 1152 196 568 580

A5 1280 196 632 644

A6 1536 260 760 772

A7 1920 260 952 964

A8 1280 132 632 644

A9 1536 132 760 772

AA 1792 260 888 900

AB 2048 260 1016 1028
AC 2304 388 1144 1156
AD 2560 388 1272 1284
AE 3072 516 1528 1540
AF 3840 516 1912 1924
BO 2560 260 1272 1284
B1 3072 260 1528 1540
B2 3584 516 1784 1796
B3 4096 516 2040 2052
B4 4608 772 2296 2308
B5 5120 772 2552 2564
B6 6144 1028 3064 3076
B7 7680 1028 3832 3844
B8 5120 516 2552 2564
B9 6144 516 3064 3076
BA 7168 1028 3576 3588
BB 8192 1028 4088 4100
BC 9216 1540 4600 4612
BD 10240 1540 5112 5124
BE 12288 2052 6136 6148
BF 15360 2052 7672 7684
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3.3.3 IIC Control Register

Register address: Base address + $0002

7 6 5 4 3 2 1 0
R IBEN IBIE MS/SL Tx/Rx TXAK 0 0 IBSWAI
w RSTA
RESET: 0 0 0 0 0 0 0 0

[ ] =Unimplemented or Reserved

Figure 3-4 1IC-Bus Control Register (IBCR)

Read and write anytime

IBEN — I-Bus Enable

This bit controls the software reset of the entire [1C Bus module.
0 =Themoduleisreset and disabled. Thisisthe power-on reset situation. When low the interface
isheld in reset but registers can still be accessed
1 =ThellC Busmoduleisenabled.This bit must be set before any other IBCR bits have any effect

If the [IC Bus module is enabled in the middle of abyte transfer the interface behaves as follows: dave
mode ignores the current transfer on the bus and starts operating whenever a subsequent start conditionis
detected.Master mode will not be aware that the bus is busy, hence if a start cycleisinitiated then the
current bus cycle may become corrupt. Thiswould ultimately result in either the current bus master or the
I1C Bus module losing arbitration, after which bus operation would return to normal.

IBIE — I-Bus Interrupt Enable
0 = Interrupts from the 11C Bus module are disabled. Note that this does not clear any currently
pending interrupt condition
1 = Interrupts from the 11C Bus module are enabled. An [1C Businterrupt occurs provided the IBIF
bit in the status register is also set.

MS/SL — Master/Slave mode select bit

Upon reset, this bit is cleared. When this bit is changed from 0 to 1, a START signal is generated on
the bus, and the master mode is selected. When this bit is changed from 1to 0, aSTOP signal is
generated and the operation mode changes from master to slave.A STOP signal should only be
generated if the IBIF flag is set. MS/SL is cleared without generating a STOP signal when the master
loses arbitration.

0 = Slave Mode

1 = Master Mode

Tx/RXx — Transmit/Receive mode select bit

This bit selects the direction of master and slave transfers. When addressed as a slave this bit should
be set by software according to the SRW bit in the status register. In master mode this bit should be set
according to the type of transfer required. Therefore, for address cycles, this bit will always be high.
0 = Receive
1 = Transmit
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TXAK — Transmit Acknowledge enable

Thisbit specifiesthe value driven onto SDA during data acknowledge cyclesfor both master and slave
receivers. The [1C module will always acknowledge address matches, provided it is enabled,
regardless of the value of TXAK.Note that values written to thisbit are only used whenthe IIC Busis
areceiver, not atransmitter.
0 = An acknowledge signal will be sent out to the bus at the Sth clock bit after receiving one byte
data
1 = No acknowledge signal response is sent (i.e., acknowledge bit = 1)

RSTA — Repesat Start

Writing a 1 to this bit will generate arepeated START condition on the bus, provided it is the current
bus master. This bit will always be read asalow. Attempting arepeated start at the wrong time, if the
busis owned by another master, will result in loss of arbitration.

1 = Generate repeat start cycle

RESERVED
Bit 1 of the IBCR isreserved for future compatibility. This bit will always read O.

IBSWAI — I-Bus Interface Stop in WAIT mode
0 =11C Bus module clock operates normally
1 = Halt 11C Bus module clock generation in WAIT mode

Wait mode is entered via execution of a CPU WA\ instruction. In the event that the IBSWAI bit is set, all
clocksinternal to the 11C will be stopped and any transmission currently in progress will halt.If the CPU
were woken up by a source other than the I1C module, then clocks would restart and the 11C would
continue where it left off in the previous transmission. It is not possible for the I1C to wake up the CPU
when itsinternal clocks are stopped.

If it were the case that the IBSWAI bit was cleared when the WA instruction was executed, the |1C

internal clocks and interface would remain alive, continuing the operation which was currently underway.
It isalso possible to configure the 11C such that it will wake up the CPU viaan interrupt at the conclusion
of the current operation. See the discussion on the IBIF and IBIE bitsin the IBSR and IBCR, respectively.

3.3.4 |IC Status Register

Register address: Base address + $0003

7 6 5 4 3 2 1 0
R TCF IAAS IBB IBAL 0 SRW IBIE RXAK
w
RESET: 1 0 0 0 0 0 0 0

[ ] =Unimplemented or Reserved
Figure 3-5 IIC Bus Status Register (IBSR)

This status register is read-only with exception of bit 1 (IBIF) and bit 4 (IBAL), which are software
clearable
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TCF — Datatransferring bit

While one byte of datais being transferred, this bit is cleared. It is set by the falling edge of the 9th
clock of abyte transfer. Note that this bit is only valid during or immediately following atransfer to
the 11C module or from the 11C module.

0 = Transfer in progress

1 = Transfer complete

IAAS — Addressed as a dave hit

When its own specific address (I-Bus Address Register) is matched with the calling address, thisbitis
set. The CPU isinterrupted provided the IBIE is set. Then the CPU needsto check the SRW bit and set
its Tx/Rx mode accordingly.Writing to the I-Bus Control Register clears this bit.

0 = Not addressed

1 = Addressed asaslave

IBB — Bus busy bit
0 = This bit indicates the status of the bus. When a START signal is detected, the IBB is set. If a
STOP signal is detected, IBB is cleared and the bus entersidle state.
1 =Busisbusy

IBAL — Arbitration Lost

The arbitration lost bit (IBAL) is set by hardware when the arbitration procedureislost. Arbitrationis
lost in the following circumstances:
SDA sampled low when the master drives a high during an address or data transmit cycle.

SDA sampled low when the master drives ahigh during the acknowledge bit of adatareceive cycle.
A start cycle is attempted when the bus is busy.

A w0 D P

A repeated start cycle is requested in slave mode.
5. A stop condition is detected when the master did not request it.

This bit must be cleared by software, by writing aonetoit. A write of zero has no effect on this bit.

RESERVED
Bit 3 of IBSR isreserved for future use. A read operation on this bit will return 0.

SRW — Slave Read/Write

When IAAS s set thisbit indicates the value of the R/'W command bit of the calling address sent from
the master

Thisbit isonly valid when the I-Busisin slave mode, a complete address transfer has occurred with
an address match and no other transfers have been initiated.

Checking this bit, the CPU can select slave transmit/receive mode according to the command of the
master.

0 = Slave receive, master writing to slave

1 = Slave transmit, master reading from slave

IBIF — 1-Bus Interrupt
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The IBIF bit is set when one of the following conditions occurs:

— arbitration lost (IBAL bit set)

— bytetransfer complete (TCF bit set)

— addressed as lave (IAAS bit set)
It will cause a processor interrupt request if the IBIE bit is set. This bit must be cleared by software,
writing aoneto it. A write of zero has no effect on this bit.

RXAK — Received Acknowledge

Thevalue of SDA during the acknowledge bit of abuscycle. If the received acknowledge bit (RXAK)
islow, it indicates an acknowledge signal has been received after the completion of 8 bits data
transmission on the bus. If RXAK is high, it means no acknowledge signal is detected at the 9th clock.
0 = Acknowledge received
1 = No acknowledge received

3.3.5 IIC Data I/0O Register

Register address

7 6 5 4 3 2 1 0
\I,?V D7 D6 D5 D4 D3 D2 D1 DO
RESET: 0 0 0 0 0 0 0 0

[ ] =Unimplemented or Reserved

Figure 3-6 1IC Bus Data I/0O Register (IBDR)

In master transmit mode, when dataiswritten to the IBDR adatatransfer isinitiated. The most significant
bit is sent first. In master receive mode, reading this register initiates next byte data receiving. In slave
mode, the same functions are available after an address match has occurred.Note that the Tx/Rx bit in the
IBCR must correctly reflect the desired direction of transfer in master and slave modesfor the transmission
to begin. For instance, if the I1C is configured for master transmit but a master receive is desired, then
reading the IBDR will not initiate the receive.

Reading the IBDR will return the last byte received whilethe I1C is configured in either master receive or
slave receive modes. The IBDR does not reflect every byte that is transmitted on the 11C bus, nor can
software verify that a byte has been written to the IBDR correctly by reading it back.

In master transmit mode, the first byte of datawritten to IBDR following assertion of MS/SL is used for
the addresstransfer and should com.prise of the calling address (in position D7-D1) concatenated with the
required R/W bit (in position DO).
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Section 4 Functional Description

4.1 General

This section provides a complete functional description of the I1C.

4.2 1-Bus Protocol

The I1C Bus system uses a Serial Dataline (SDA) and a Serial Clock Line (SCL) for datatransfer. All
devices connected to it must have open drain or open collector outputs. Logic AND function is exercised
on both lines with external pull-up resistors. The value of these resistors is system dependent.

Normally, a standard communication is composed of four parts: START signal, slave address
transmission, data transfer and STOP signal. They are described briefly in the following sections and
illustrated in Figure 4-1.

| | | |
| | | |
| | | | | | | | | | | |
son | [#o7 Jios fos faos os fpoz o Jowr | [ ox o7 Jos [os o Jos Yoz [or o0

Start Calling Address Read/ Ack Data Byte No  Stop
Signal Write  Bit Pg(ﬂ( Signal

|
| | | | | | | | |
EpNE

Start Calling Address Read/ Ack  Repeated New Calling Address Read/ No  Stop
Signal Write Bt Start Wite© Ack Signal
Signal Bit

Figure 4-1 1IC-Bus Transmission Signals
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4.2.1 START Signal

When the busisfree, i.e. no master device is engaging the bus (both SCL and SDA lines are at logical
high), amaster may initiate communication by sending aSTART signal. AsshowninFigure4-1,aSTART
signal is defined as a high-to-low transition of SDA while SCL is high. Thissignal denotes the beginning
of anew datatransfer (each data transfer may contain several bytes of data) and brings all slaves out of
their idle states.

r—" r =
_ I - - l I __
|\ | I
| | - - | I
| I | I
L B L -
SCL | | | |
[ 1 |
| | L —
START condition STOP condition

Figure 4-2 Start and Stop conditions

4.2.2 Slave Address Transmission

Thefirst byte of datatransfer immediately after the START signal is the slave address transmitted by the
master. Thisis aseven-bit calling address followed by a R/W bit. The R/W bit tells the slave the desired
direction of datatransfer.

1 = Read transfer, the dave transmits data to the master.
0 = Write transfer, the master transmits data to the Save.

Only the slave with a calling address that matches the one transmitted by the master will respond by
sending back an acknowledge bit. Thisis done by pulling the SDA low at the Sth clock (see Figure 4-1).

No two slaves in the system may have the same address. If the [IC Busis master, it must not transmit an
address that is equal to its own slave address. The I1C Bus cannot be master and slave at the same
time.However, if arbitration islost during an address cycle the [1C Bus will revert to slave mode and
operate correctly evenif it is being addressed by another master.
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4.2.3 Data Transfer

Once successful slave addressing is achieved, the data transfer can proceed byte-by-byte in adirection
specified by the R/W hit sent by the calling master

All transfersthat come after an addresscycle arereferred to asdatatransfers, evenif they carry sub-address
information for the slave device.

Each data byte is 8 bitslong. Data may be changed only while SCL islow and must be held stable while
SCL ishigh as shown in Figure 4-1. There is one clock pulse on SCL for each data bit, the MSB being
transferred first. Each data byte has to be followed by an acknowledge bit, which is signalled from the
receiving device by pulling the SDA low at the ninth clock. So one complete data byte transfer needs nine
clock pulses.

If the slave receiver does not acknowledge the master, the SDA line must be left high by the lave. The
master can then generate a stop signal to abort the data transfer or a start signal (repeated start) to
commence a new calling.

If the master receiver does not acknowledge the slave transmitter after a byte transmission, it means 'end
of data' to the slave, so the slave releases the SDA line for the master to generate STOP or START signal.

4.2.4 STOP Signal

The master can terminate the communication by generating a STOP signal to free the bus. However, the
master may generate a START signal followed by a calling command without generating a STOP signal
first. Thisis called repeated START. A STOP signal is defined as alow-to-high transition of SDA while
SCL at logical “1” (see Figure 4-1).

The master can generate a STOP even if the slave has generated an acknowledge at which point the slave
must release the bus.

4.2.5 Repeated START Signal

Asshownin Figure4-1, arepeated START signal isa START signal generated without first generating
a STOP signal to terminate the communication. Thisis used by the master to communicate with another
slave or with the same dslave in different mode (transmit/receive mode) without releasing the bus.

4.2.6 Arbitration Procedure

The Inter-1C bus is atrue multi-master bus that allows more than one master to be connected on it. If two
or more masterstry to control the bus at the same time, a clock synchronization procedure determines the
bus clock, for which the low period is equal to the longest clock low period and the high is equal to the
shortest one among the masters. The relative priority of the contending masters is determined by a data
arbitration procedure, abus master loses arbitration if it transmitslogic “1” while another master transmits
logic*0”. Thelosing mastersimmediately switch over to slave receive mode and stop driving SDA output.
In this case the transition from master to slave mode does not generate a STOP condition. Meanwhile, a
status bit is set by hardware to indicate loss of arbitration.
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4.2.7 Clock Synchronization

Sincewire-AND logic is performed on SCL line, a high-to-low transition on SCL line affects all the
devices connected on the bus. The devices start counting their low period and once a device's clock has
gone low, it holds the SCL line low until the clock high state is reached.However, the change of low to
high in this device clock may not change the state of the SCL line if another device clock is still withinits
low period. Therefore, synchronized clock SCL is held low by the device with the longest low period.
Deviceswith shorter low periods enter ahigh wait state during thistime (see Figure4-2). When all devices
concerned have counted off their low period, the synchronized clock SCL lineisreleased and pulled high.
Thereisthen no difference between the device clocks and the state of the SCL line and all the devices start
counting their high periods.The first device to complete its high period pulls the SCL line low again.

| WAIT ‘ Start Counting High Period
> /

SCL1 4\ / L \
|

SCL2

SCL

| /

Internal Counter Reset

Figure 4-3 IIC-Bus Clock Synchronization

4.2.8 Handshaking

The clock synchronization mechanism can be used asahandshake in datatransfer. Slave devices may hold
the SCL low after completion of one byte transfer (9 bits). In such case, it halts the bus clock and forces
the master clock into wait states until the slave releases the SCL line.

4.2.9 Clock Stretching
The clock synchronization mechanism can be used by slavesto slow down the bit rate of atransfer. After
the master has driven SCL low the slave can drive SCL low for the required period and then release it.If

the slave SCL low period is greater than the master SCL low period then the resulting SCL bus signal low
period is stretched.
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4.3 Modes of Operation

The I1C functions the same in normal, special, and emulation modes. It has two low power modes, wait
and stop modes

4.3.1 Run Mode

Thisisthe basic mode of operation.

4.3.2 Wait Mode

I1C operation in wait mode can be configured. Depending on the state of internal bits, the I1C can operate
normally when the CPU isin wait mode or the I1C clock generation can be turned off and the I1C module

enters a power conservation state during wait mode. In the later case, any transmission or reception in
progress stops at wait mode entry.

4.3.3 Stop Mode

The lIC isinactive in stop mode for reduced power consumption. The STOP instruction does not affect
I1C register states.
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Section 5 Initialization/Application Information

5.1 IIC Programming Examples

5.1.1 Initialization Sequence

Reset will put the 11 C Bus Control Register to itsdefault status. Before the interface can be used to transfer
serial data, an initialization procedure must be carried out, as follows:

1. Updatethe Frequency Divider Register (IBFD) and select the required division ratio to obtain SCL
frequency from system clock.

Update the 11C Bus Address Register (IBAD) to define its slave address.
Set the IBEN bit of the 11C Bus Control Register (IBCR) to enable the 11C interface system.

Modify the bits of the I1C Bus Control Register (IBCR) to select Master/Slave mode,
Transmit/Receive mode and interrupt enable or not.

5.1.2 Generation of START

After completion of the initialization procedure, serial data can be transmitted by selecting the 'master
transmitter' mode. If the device is connected to a multi-master bus system, the state of the [1C Bus Busy
bit (IBB) must be tested to check whether the serial busis free.

If the busisfree (IBB=0), the start condition and the first byte (the slave address) can be sent. The data
written to the data register comprises the slave calling address and the L SB set to indicate the direction of
transfer required from the slave.

The bus free time (i.e., the time between a STOP condition and the following START condition) is built
into the hardware that generates the START cycle. Depending on the relative frequencies of the system
clock and the SCL period it may be necessary to wait until the I1C isbusy after writing the calling address
tothe | BDR before proceeding with thefollowing instructions. Thisisillustrated in thefollowing example.

An example of a program which generates the START signal and transmits the first byte of data (slave
address) is shown below:

CHFLAG BRSET |IBSR,#$20,* ;WAIT FOR IBB FLAG TO CLEAR

TXSTART BSET IBCR,#%$30 ;SET TRANSMIT AND MASTER MODE;i.e. GENERATE START CONDITION
MOVB CALLING,IBDR | ;TRANSMIT THE CALLING ADDRESS, DO=R/W

IBFREE BRCLR | IBSR,#$20,* ;WAIT FOR IBB FLAG TO SET

5.1.3 Post-Transfer Software Response

Successful transmission or reception of a byte will set the TCF (data transferring) bit and the IBIF
(interrupt flag) bit in the IBSR status register. An interrupt service routine can be called by this action if
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the IBIE (interrupt enable) bit in the IBCR control register is set. The IBIF (interrupt flag) bit can be
cleared by writing 1 (in the interrupt service routine, if interrupts are used).

The TCF bit will be cleared to indicate data transfer in progress by reading the IBDR data register in
receive mode or writing the IBDR in transmit mode. The TCF bit should not be used as a data transfer
complete flag asthe flag timing is dependent on anumber of factorsincluding the I1C bus frequency. This
bit may not conclusively provide an indication of atransfer complete situation. It isrecommended that
transfer compl ete situations are detected using the IBIF flag

Software may service the l1C 1/0O in the main program by monitoring the IBIF bit if the interrupt function
isdisabled. Note that polling should monitor the IBIF bit rather than the TCF bit since their operation is
different when arbitration islost.

Note that when an interrupt occurs at the end of the address cycle the master will always be in transmit
mode, i.e. the addressis transmitted. If master receive mode is required, indicated by R/W bit in IBDR,
then the Tx/Rx bit should be toggled at this stage.

During slave mode address cycles (IAAS=1) the SRW bit in the status register is read to determine the
direction of the subsequent transfer and the Tx/Rx bit is programmed accordingly. For slave mode data
cycles (IAAS=0) the SRW bit isnot valid, the Tx/Rx bit in the control register should be read to determine
the direction of the current transfer.

The following is an example of a software response by a 'master transmitter' in the interrupt routine .

ISR BCLR IBSR,#$02 ;CLEAR THE IBIF FLAG
BRCLR IBCR,#$20,SLAVE ;BRANCH IF IN SLAVE MODE
BRCLR IBCR,#$10,RECEIVE ;BRANCH IF IN RECEIVE MODE
BRSET IBSR,#$01,END ;IF NO ACK, END OF TRANSMISSION
TRANSMIT MOVB DATABUF,IBDR ;TRANSMIT NEXT BYTE OF DATA

5.1.4 Generation of STOP

A datatransfer endswith a STOP signal generated by the 'master’ device. A master transmitter can simply
generate a STOP signal after all the data has been transmitted. The following is an example showing how
astop condition is generated by a master transmitter.

MASTX TST TXCNT ;GET VALUE FROM THE TRANSMITING COUNTER
BEQ END ;END IF NO MORE DATA
BRSET IBSR,#$01,END ;END IF NO ACK
MOVB DATABUF,IBDR ;TRANSMIT NEXT BYTE OF DATA
DEC TXCNT ;DECREASE THE TXCNT
BRA EMASTX JEXIT
END BCLR IBCR,#%$20 ;GENERATE A STOP CONDITION
EMASTX RTI ;RETURN FROM INTERRUPT

If amaster receiver wants to terminate a data transfer, it must inform the slave transmitter by not
acknowledging the last byte of data which can be done by setting the transmit acknowledge bit (TXAK)
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before reading the 2nd last byte of data. Before reading the last byte of data, a STOP signal must be
generated first. Thefollowing isan example showing how a STOP signal isgenerated by amaster receiver.

MASR DEC RXCNT ;DECREASE THE RXCNT
BEQ ENMASR ;LAST BYTE TO BE READ
MOVB RXCNT,D1 ;CHECK SECOND LAST BYTE
DEC D1 ;TO BE READ
BNE NXMAR ;NOT LAST OR SECOND LAST
LAMAR BSET IBCR,#$08 ;SECOND LAST, DISABLE ACK
;TRANSMITTING
BRA NXMAR
ENMASR BCLR IBCR,#%20 ;LAST ONE, GENERATE ‘STOP’ SIGNAL
NXMAR MOVB IBDR,RXBUF ;READ DATA AND STORE
RTI

5.1.5 Generation of Repeated START

At the end of datatransfer, if the master still wants to communicate on the bus, it can generate another
START signal followed by another slave address without first generating a STOP signal. A program
exampleis as shown.

RESTART BSET IBCR,#$04 ;ANOTHER START (RESTART)
MOVB CALLING,IBDR ;TRANSMIT THE CALLING ADDRESS;D0=R/W

5.1.6 Slave Mode

In the slave interrupt service routine, the module addressed as slave bit (IAAS) should be tested to check
if acaling of its own address has just been received . If IAASIs set, software should set the
transmit/receive mode select bit (Tx/Rx bit of IBCR) according to the R/W command bit (SRW). Writing
tothe BCR clearsthe IAAS automatically. Notethat the only timelAASisread as set isfrom theinterrupt
at the end of the address cycle where an address match occurred, interrupts resulting from subsequent data
transferswill have IAAS cleared. A data transfer may now be initiated by writing information to IBDR,
for dave transmits, or dummy reading from IBDR, in slave receive mode. The slave will drive SCL low
in-between byte transfers, SCL is released when the IBDR is accessed in the required mode.

In slave transmitter routine, the received acknowledge bit (RXAK) must be tested before transmitting the
next byte of data. Setting RXAK meansan 'end of data’ signal from the master receiver, after which it must
be switched from transmitter mode to receiver mode by software. A dummy read then releases the SCL
line so that the master can generate a STOP signal.
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5.1.7 Arbitration Lost

If several masters try to engage the bus simultaneously, only one master wins and the others lose
arbitration. The devices which lost arbitration are immediately switched to slave receive mode by the
hardware. Their dataoutput to the SDA lineis stopped, but SCL isstill generated until the end of the byte
during which arbitration was lost. An interrupt occurs at the falling edge of the ninth clock of thistransfer
with IBAL=1 and MS/SL=0. If one master attempts to start transmission while the busis being engaged
by another master, the hardware will inhibit the transmission; switch the MS/SL bit from 1 to O without
generating STOP condition; generate an interrupt to CPU and set the IBAL to indicate that the attempt to
engage the busisfailed. When considering these cases, the slave service routine should test the IBAL first
and the software should clear the IBAL bit if it is set.
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Figure 5-1 Flow-Chart of Typical IIC Interrupt Routine
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Section 6 Resets

6.1 General

The reset state of each individual bit is listed within the Register Description section (see Section 3
Memory Map/Register Definition) which details the registers and their bit-fields.
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Section 7 Interrupts

7.1 General

[1C uses only one interrupt vector.

Table 7-1 Interrupt Summary

Interrupt | Offset| Vector | Priority Source Description
IBAL, TCF, IAAS When either of‘IBAL, TCF or IAAS blt.S |s.set
e bits in IBSR | &Y cause an interrupt based on Arbitration
Interrupt register lost, Transfer Complete or Address Detect

conditions.

7.2 Interrupt Description

Internally there arethreetypesof interruptsin 11 C. Theinterrupt service routine can determinetheinterrupt
type by reading the Status Register.

[1C Interrupt can be generated on
1. Arbitration Lost condition (IBAL bit set)
2. Byte Transfer condition (TCF bit set)

3. Address Detect condition (IAAS bit set)

The lIC interrupt is enabled by the IBIE bit in the 11C Control Register. It must be cleared by writing ‘1’
to the IBIF bit in the interrupt service routine.

40
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Section 1 Introduction to Interrupt (INT)

This section describes the functionality of the Interrupt (INT) sub-block of the S12 Core Platform.

A block diagram of the Interrupt sub-block is showrrigure 1-1 .

INT

HPRIO (OPTIONAL)

Block Guide — S12INT V1
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1.1 Overview

The Interrupt sub-block decodes the priority of all system exception requests and provides the applicable
vector for processing the exception. The INT supports I-bit maskable and X-bit maskable interrupts, a
nonmaskable Unimplemented Opcode Trap, a nonmaskable software interrupt (SWI) or Background
Debug Mode request, and three system reset vector requests. All interrupt related exception requests are
handled by the Interrupt sub-block (INT).

1.2 Features

The INT includes these features:
* Provides two to 122 I-bit maskable interrupt vectors ($FFO0-$FFF2)
» Provides one X-bit maskable interrupt vector ($FFF4)

* Provides a nonmaskable software interrupt (SWI) or Background Debug Mode request vector
($FFF6)

* Provides a nonmaskable Unimplemented Opcode Trap (TRAP) vector ($FFF8)

* Provides three system reset vectors ($FFFA-$FFFE) (Reset, CMR, and COP)

» Determines the appropriate vector and drives it onto the address bus at the appropriate time
» Signals the CPU that interrupts are pending

» Provides control registers which allow testing of interrupts

* Provides additional input signals which prevents requests for servicing | and X interrupts

* Wakes the system from stop or wait mode when an appropriate interrupt occurs or whélikyer
is active, even IKIRQ is masked

» Provides asynchronous path for all | and X interrupts, ($FFO0-$FFF4)

» (Optional) Selects and stores the highest priority | interrupt based on the value written into the
HPRIO register

1.3 Modes of Operation

The functionality of the INT sub-block in various modes of operation is discussed in the subsections that
follow.

1.3.1 Normal Operation
The INT operates the same in all normal modes of operation.
1.3.2 Special Operation

Interrupts may be tested in special modes through the use of the interrupt test registers.
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1.3.3 Emulation Modes

The INT operates the same in emulation modes as in normal modes.

1.4 Low-Power Options

The INT does not contain any user-controlled options for reducing power consumption. The operatiap of

the INT in low-power modes is discussed in the following subsections.
1.4.1 Run Mode

The INT does not contain any options for reducing power in run mode.

"CONTROLLED E0OPY" IN RED

1.4.2 Wait Mode

BED
(¢}

Clocks to the INT can be shut off during system wait mode and the asynchronous interrupt path w
used to generate the wake-up signal upon recognition of a valid interrupt XiR@yequest.

1.4.3 Stop Mode

be

PRINTED VERSIONS ARE UNCONTROLLED EXCEPT WHEN STAM

Clocks to the INT can be shut off during system stop mode and the asynchronous interrupt path w
used to generate the wake-up signal upon recognition of a valid interrupt XiR@yequest.
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Section 2 External Signal Description

RED

Most interfacing with the Interrupt sub-block is done within the Core. However, the Interrupt does receg/e
direct input from the Multiplexed External Bus Interface (MEBI) sub-block of the Core ftéiR@eand
XIRQ pin data.

PRINTED VERSIONS ARE UNCONTROLLED EXCEPT WHEN STAMPED "CONTROLLED COPY"
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Section 3 Memory Map/Register Definition

A summary of the registers associated with the Interrupt sub-block is shé&gure 3-1 . Detailed
descriptions of the registers and associated bits are given in the subsections that follow.

Address Name Bit 7 6 5 4 3 2 1 Bit 0
Read 0 0 0
$0015 ITCR WRTINT | ADR3 ADR2 ADR1 ADRO
Write
Read
$0016 ITEST INTE INTC INTA INT8 INT6 INT4 INT2 INTO
Write
Read 0
$001F HPRIO PSEL7 | PSEL6 | PSEL5 | PSEL4 PSEL3 | PSEL2 | PSEL1
Write

= Unimplemented

Figure 3-1 Interrupt Register Summary

3.1 Interrupt Test Control Register

Register address: Base + $0015

7 6 5 4 3 2 1 0
R 0 0
W WRTINT ADR3 ADR?2 ADR1 ADRO
Reset: 0 0 0 0 1 1 1 1

I:I = Unimplemented or Reserved

Figure 3-2 Interrupt Test Control Register (ITCR)

Read: see individual bit descriptions
Write: see individual bit descriptions

@ MOTOROLA 13
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WRTINT — Write to the Interrupt Test Registers
Read: anytime

Write: only in special modes and with I-bit mask and X-bit mask set.
1 = Disconnect the interrupt inputs from the priority decoder and use the values written into the
ITEST registers instead.
0 = Disables writes to the test registers; reads of the test registers will return the state of the interrupt
inputs.

NOTE: Any interrupts which are pending at the time that WRTINT is set will remain until
they are overwritten.
ADR3-ADRO — Test Register Select Bits
Read: anytime
Write: anytime

These bits determine which test register is selected on a read or write. The hexadecimal value written
here will be the same as the upper nibble of the lower byte of the vector selects. That is, an “F” written
into ADR3—-ADRO will select vectors $FFFE-$FFFO while a “7” written to ADR3—-ADRO will select
vectors $SFF7E-$FF70.

3.2 Interrupt Test Registers

Register address: Base + $0016

7 6 5 4 3 2 1 0
R
W INTE INTC INTA INT8 INT6 INT4 INT2 INTO
Reset: 0 0 0 0 0 0 0 0

Figure 3-3 Interrupt TEST Registers (ITEST)

Read: Only in special modes. Reads will return either the state of the interrupt inputs of the Interrupt
sub-block (WRTINT = 0) or the values written into the TEST registers (WRTINT = 1). Reads will
always return zeroes in normal modes.

Write: Only in special modes and with WRTINT = 1 and CCR | mask = 1.

INTE-INTO — Interrupt TEST Bits

These registers are used in special modes for testing the interrupt logic and priority independent of the
system configuration. Each bit is used to force a specific interrupt vector by writing it to a logic one
state. Bits are named INTE through INTO to indicate vectors $FFXE through $FFx0. These bits can be
written only in special modes and only with the WRTINT bit set (logic one) in the Interrupt Test
Control Register (ITCR). In addition, I interrupts must be masked using the | bit in the CCR. In this
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state, the interrupt input lines to the Interrupt sub-block will be disconnected and interrupt requests will
be generated only by this register. These bits can also be read in special modes to view that an int@rupt
requested by a system block (such as a peripheral block) has reached the INT module. x

Z
There is a test register implemented for every 8 interrupts in the overall system. All of the test registers
share the same address and are individually selected using the value stored in the ADR3-ADRO bits §f the
Interrupt Test Control Register (ITCR).

NOTE: When ADR3-ADRO have the value of $F, only bits 2—0 in the ITEST register will
be accessible. That is, vectors higher than $FFF4 cannot be tested using the test
registers and bits 7-3 will always read as a logic zero. If ADR3—-ADRO point to an
unimplemented test register, writes will have no effect and reads will always return
a logic zero value.

3.3 Highest Priority | Interrupt (Optional)

Register address: Base + $001F

7 6 5 4 3 2 1 0

R 0
W PSEL7 PSEL6 PSEL5 PSEL4 PSEL3 PSEL2 PSEL1

Reseet: 1 1 1 1 0 0 1 0

I:Iz Unimplemented or Reserved

Figure 3-4 Highest Priority | Interrupt Register (HPRIO)

Read: anytime
Write: only if l mask in CCR =1

CONTROLLED EXCEPT WHEN STAMPED "CONTROLLED COP

PSEL7-PSEL1 — Highest Priority | Interrupt Select Bits

The state of these bits determines which I-bit maskable interrupt will be promoted to highest prietity
(of the I-bit maskable interrupts). To promote an interrupt, the user writes the least significant byteof
the associated interrupt vector address to this register. If an unimplemented vector address or ghon
I-bit masked vector address (value higher than $F2) is written, IRQ ($FFF2) will be the default higltést
priority interrupt. 9

PRINTED VERSION
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Section 4 Functional Description

§ RED

The Interrupt sub-block processes all exception requests made by the CPU. These exceptions inclxle
interrupt vector requests and reset vector requests. Each of these exception types and their overall priority
level is discussed in the subsections below.

4.1 Interrupt Exception Requests

LED COPY"

As shown in the block diagram figure 1-1 , the INT contains a register block to provide interrupt statusd
and control, an optional Highest Priority | Interrupt (HPRIO) block, and a priority decoder to evalua
whether pending interrupts are valid and assess their priority.

4.1.1 Interrupt Registers

The INT registers are accessible only in special modes of operation and function as described in
3.1 Interrupt Test Control Register and3.2 Interrupt Test Registerspreviously.

4.1.2 Highest Priority I-Bit Maskable Interrupt

EN STAMPED "CONTRO

When the optional HPRIO block is implemented, the user is allowed to promote a single I-bit maskable
interrupt to be the highest priority | interrupt. The HPRIO evaluates all interrupt exception requests =nd
passes the HPRIO vector to the priority decoder if the highest priority | interrupt is active. RTI repla'ges
the promoted interrupt source.

4.1.3 Interrupt Priority Decoder

ED EXCE

The priority decoder evaluates all interrupts pending and determines their validity and priority. Whenthe
CPU requests an interrupt vector, the decoder will provide the vector for the highest priority interru@
request. Because the vector is not supplied until the CPU requests it, it is possible that a higher prigrity
interrupt request could override the original exception that caused the CPU to request the vector. 12this
case, the CPU will receive the highest priority vector and the system will process this exception insteggl of
the original request.

NOTE: Care must be taken to ensure that all exception requests remain active until the
system begins execution of the applicable service routine; otherwise, the exception
request may not get processed.

%ONS ARE UNGORIER

If for any reason the interrupt source is unknown (e.g., an interrupt request becomes inactive after
interrupt has been recognized but prior to the vector request), the vector address will default to that akthe
last valid interrupt that existed during the particular interrupt sequence. If the CPU requests an inte&hpt
vector when there has never been a pending interrupt request, the INT will provide the Software Intemjpt
(SWI1) vector address.

PRINTE
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4.2 Reset Exception Requests

The INT supports three system reset exception request types: normal system reset or power-on-reset
request, Crystal Monitor reset request, and COP Watchdog reset request. The type of reset exception
request must be decoded by the system and the proper request made to the Core. The INT will then provide
the service routine address for the type of reset requested.

4.3 Exception Priority

The priority (from highest to lowest) and address of all exception vectors issued by the INT upon request
by the CPU is shown imable 4-1.

Table 4-1 Exception Vector Map and Priority

Vector Address Source
$FFFE-$FFFF System reset
$FFFC-$FFFD Crystal monitor reset
$FFFA-$FFFB COP reset
$FFF8-$FFF9 Unimplemented opcode trap
$FFF6—$FFF7 Software interrupt instruction (SWI) or BDM vector request
$FFF4-$FFF5 XIRQ signal
$FFF2-$FFF3 IRQ signal
$FFFO-$FFO00 Device-specific I-bit maskable interrupt sources (priority in descending order)

18 @ MOTOROLA
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Preface

Terminology
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Acronyms and Abbreviations

BDLC Byte Level Data Link Controller
CAN Controller Area Network
lc Inter-Integrated Circuit
PIM Port Integration Module
PTI Pad Test Interface

PWM Pulse Width Modulator
SClI Serial Communication Interface
SPI Serial Peripheral Interface
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Section 1 Introduction

1.1 Overview

The Port Integration Module (PIM) establishes the interface between the peripheral modules and the I/O
pins for all ports except ADO and AD1.

NOTE: Port A, B, E, and K are related to the internal logic and the multiplexed external
bus interface (MEBI). Many of these port/pads logic come from the MEBI module
and pass through the PIM module. Brief functional descriptions of these ports are
provided for completeness. Refer to HCS12 Multiplexed External Bus Interface
Block Guide for details.

This section covers:
» Port T connected to the timer module
* The serial port S associated with 2 SCI and 1 SPI module
* Port M associated with 3 CAN, 1 Byteflight and 1 BDLC module

* Port P connected to the PWM and 1 SPI module, which also can be used as an external interrupt
source

* The standard I/O port H associated with SPI11

e PortJassociated with CANO, 4 and the IIC interface. Ports P, H, and J can also be used as external
interrupt sources.

Each 1/0 pin can be configured by several registers in order to select data direction and drive strength, to
enable and select pull-up or pull-down resistors. On certain pins also interrupts can be enabled which result
in status flags.

The 1/0O’s of 2 CAN and all 2 SPI modules can be routed from their default location to determined pins.

The implementation of the Port Integration Module is device dependent.

1.2 Features

A standard port has the following minimum features:

* Input/output selection

* 5V output drive with two selectable drive strength

* 5V digital and analog input

* Input with selectable pull-up or pull-down device
Optional features:

e Open drain for wired-or connections
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» Interrupt inputs with glitch filtering

1.3 Block Diagram

Figure 1-1 is a block diagram of the PIM_9DTB128.
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Section 2 External Signal Description

2.1 Overview

This section lists and describes the signals that do connect off chip.

NOTE: Refer to the Creation Guide and the Integration Guide documentation of the
PIM_9DTB128 for a detailed description of the pad control signals.

2.2 Signal properties

Table 2-1 shows all the pins and their functions that are controlled by the PIM_9DTB128. If there is more
than one function associated with a pin, the priority is indicated by the position in the table from top
(highest priority) to down (lowest priority).

Table 2-1 Signal Properties

Port Nzrlr?e Pin Function & Priority Description Ig?asg I\/IID géle
I0C[7:0] Enhanced Capture Timer Channel 7 to O ) )
Port T | PT[7:0] input hiz
GPIO General-purpose 1/0
=== Serial Peripheral Interface 0 slave select output in
PS7 SS0 master mode, input in slave mode or master mode.
GPIO General-purpose 1/0
PS6 SCKO Serial Peripheral Interface 0 serial clock pin
GPIO General-purpose 1/0
PS5 MOSIO Serial Peripheral Interface 0 master out/slave in pin
GPIO General-purpose 1/0
PS4 MISOO0 Serial Peripheral Interface 0 master in/slave out pin
Port S GPIO General-purpose 1/0 input | pull-up
ps3 TXD1 Serial Communication Interface 1 transmit pin
GPIO General-purpose 1/0
S RXD1 Serial Communication Interface 1 receive pin
GPIO General-purpose 1/0
ps1 TXDO Serial Communication Interface 0 transmit pin
GPIO General-purpose 1/0
SO RXDO Serial Communication Interface O receive pin
GPIO General-purpose 1/0
13
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Port Ngrirr:e Pin Function & Priority Description zﬁastzt I\/IT g(!lle
BF_PSLM Byteflight Status
PM7 TXCAN4 MSCAN4 transmit pin
GPIO General-purpose 1/0
BF_PERR Byteflight Error Status
PM6 RXCAN4 MSCAN4 receive pin
GPIO General-purpose 1/0
BF_PROK Byteflight Status
TXCANO MSCANO transmit pin
PM5 TXCAN4 MSCAN4 transmit pin
SCKO Serial Peripheral Interface 0 serial clock pin
GPIO General-purpose 1/0
BF_PSYN Byteflight Status
RXCANO MSCANO receive pin
PM4 RXCAN4 MSCAN4 receive pin
MOSIO Serial Peripheral Interface 0 master out/slave in pin
GPIO General-purpose 1/0 Input hiz
Port M TX_BF Byteflight transmit pin
TXCAN1 MSCANL1 transmit pin
PM3 TXCANO MSCANO transmit pin
ssot Serial Peripher_al Interface O slave select output in
master mode, input for slave mode or master mode
GPIO General-purpose 1/0
RX_BF Byteflight receive pin
RXCAN1 MSCANL1 receive pin
PM2 RXCANO MSCANO receive pin
MIsoo? Serial Peripheral Interface 0 master in/slave out pin
GPIO General-purpose 1/0
TXCANO MSCANO transmit pin
PM1 TXB BDLC transmit pi
GPIO General-purpose 1/0
RXCANO MSCANO receive pin
PMO RXB BDLC receive pin
GPIO General-purpose 1/0
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Port NZFIT?G Pin Function & Priority Description E?astzt I\/Tg(!lle
pp7 PWM7 Pulse Width Modulator channel 7
GPIO/KWP7 General-purpose 1/0 with interrupt
PWM6 Pulse Width Modulator channel 6
PPe GPIO/KWP6 General-purpose 1/0 with interrupt
PWM5 Pulse Width Modulator channel 5
PPs GPIO/KWP5 General-purpose 1/0 with interrupt
PWM4 Pulse Width Modulator channel 4
PPa GPIO/KWP4 General-purpose 1/0 with interrupt
PWM3 Pulse Width Modulator channel 3
= Serial Peripheral Interface 1 slave select output in
Port P PP3 SSt master mode, input for slave mode or master mode input hiz
GPIO/KWP3 General-purpose 1/0 with interrupt
PWM2 Pulse Width Modulator channel 2
PP2 SCK1 Serial Peripheral Interface 1 serial clock pin
GPIO/KWP2 General-purpose 1/0O with interrupt
PWM1 Pulse Width Modulator channel 1
PP1 MOSI1 Serial Peripheral Interface 1 master out/slave in pin
GPIO/KWP1 General-purpose 1/0O with interrupt
PWMO Pulse Width Modulator channel 0
PPO MISO1 Serial Peripheral Interface 1 master in/slave out pin
GPIO/KWPO General-purpose 1/0O with interrupt
PH7 GPIO/KWH7 General Purpose I/0O and interrupt
PH6 GPIO/KWH6 General Purpose I/0O and interrupt
PH5 GPIO/KWH5 General Purpose I/0O and interrupt
PH4 GPIO/KWH4 General Purpose I/0O and interrupt
== Serial Peripheral Interface 1 slave select output in
PH3 SS1 master mode, input for slave mode or master mode
Port H GPIO/KWH3 General Purpose I/0O and interrupt input hiz
PH2 SCK1 Serial Peripheral Interface 1 serial clock pin
GPIO/KWH2 General Purpose I/0O and interrupt
PHL MOSI1 Serial Peripheral Interface 1 master out/slave in pin
GPIO/KWH1 General Purpose I/0O and interrupt
PHO MISO1 Serial Peripheral Interface 1 master in/slave out pin
GPIO/KWHO General Purpose I/0O and interrupt
15
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Port

Pin
Name

Pin Function & Priority

Description

Reset
State

Pull
Mode

Port J

PJ7

TXCAN4

MSCAN4 transmit pin

SCL

Inter Integrated Circuit serial clock line

TXCANO

MSCANO transmit pin

GPIO/KWJ7

General-purpose 1/0 with interrupt

PJ6

RXCAN4

MSCAN4 receive pin

SDA

Inter Integrated Circuit serial data line

RXCANO

MSCANO receive pin

GPIO/KWJ6

General-purpose 1/0 with interrupt

PJ[1:0]

GPIO/KWJ[1:0]

General Purpose I/0 and interrupt

input

pull-up

Port A2

PA[7:0]

ADDR[15:8]/DATA[15:8]/GPIO

External bus pins share function with
general-purpose 1/O ports A. In single chip modes,
the pins can be used for general-purpose 1/O. In
expanded modes, the pins are used for the external
buses.

See Note
2

See
Note 2

Port B2

PB[7:0]

ADDR([7:0]/DATA[7:0]/GPIO

External bus pins share function with
general-purpose I/O port B. In single chip modes, the
pins can be used for general-purpose 1/O. In
expanded modes, the pins are used for the external
address and data buses.

See Note
2

See
Note 2

Port E2

PE7

XCLKS/NOACC/GPIO

No Access. Indicates free cycles in expanded mode.
Selects also external clock or oscillator during reset.
Can be used as general purpose /O pin.

PE6

MODB/IPIPE1/GPIO

PES

MODA/IPIPEO/GPIO

State of mode select pins during reset determine the
initial operating mode of the MCU. After reset, MODB
and MODA can be configured as instruction queue
tracking signals IPIPE1 and IPIPEO or as
general-purpose 1/O pins.

PE4

ECLK/GPIO

E Clock is the output connection for the external bus
clock. ECLK is used as a timing reference and for
address demultiplexing.

PE3

LSTRB/TAGLO/GPIO

Low byte strobe (0 = low byte valid), in all modes this
pin can be used as I/O. The low strobe function is the
exclusive-NOR of A0 and the internal SZ8 signal.
(The SZz8 internal signal indicates the size 16/8
access.) Pin function TAGLO used in instruction low
byte tagging.

PE2

R/WI/GPIO

Indicates direction of data on expansion bus. Shares
function with general-purpose 1/0. Read/write in
expanded modes.

PE1

IRQ/GPI

Maskable interrupt request input provides a means of
applying asynchronous interrupt requests to the
MCU. Either falling edge-sensitive triggering or
level-sensitive triggering is program selectable
(INTCR register).

PEO

XIRQ/GPI

The XIRQ input provides a means of requesting a
nonmaskable interrupt after reset initialization.
Because it is level sensitive, it can be connected to a
multiple-source wired-OR network.

See Note
2

See
Note 2

16
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Pin ; ; . e Reset | Pull
Port Name Pin Function & Priority Description State | Mode
) PK7 ECS/ROMONE/GPIO Emulation Chip selecttROMONE function SeeNote | See
Port K
PK[5:0] XADDR[19:14]/GPIO Expanded Addresses 2 Note 2
Pseudo_open_drain communication pin for the
single-wire background debug mode. At the rising
See edge on RESET, the state of this pin is latched into SeeNote | See
Notes | BKGD3 MODC/TAGHI/BKGD the MODC bit to set the mode. When instruction 3 Note 3
3 tagging is on, a 0 at the falling edge of E tags the high
half of the instruction word being read into the
instruction queue.
NOTES:

1. If CANO is routed to PM[3:2] the SPIO0 can still be used in bidirectional master mode. Refer to SPI Block Guide for details.
2. Refer to HCS12 Multiplexed External Bus Interface Block Guide for details.
3. Refer to HCS12 Background Debug Module Block Guide for details.
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Section 3 Memory Map/Register Definition

3.1 Overview
This section provides a detailed description of all registers.

3.2 Module Memory Map

Table 3-1 shows the register map of the Port Integration Module.
Table 3-1 PIM_9DTB128 Memory Map

Address offset Use Access
$00 Port T I/O Register (PTT) RW
$01 Port T Input Register (PTIT) R
$02 Port T Data Direction Register (DDRT) RW
$03 Port T Reduced Drive Register (RDRT) RW
$04 Port T Pull Device Enable Register (PERT) RW
$05 Port T Polarity Select Register (PPST) RW
$06 Reserved -
$07 Reserved -
$08 Port S I/0 Register (PTS) RW
$09 Port S Input Register (PTIS) R
$0A Port S Data Direction Register (DDRS) RW
$0B Port S Reduced Drive Register (RDRS) RW
$0C Port S Pull Device Enable Register (PERS) RW
$0D Port S Polarity Select Register (PPSS) RW
$0E Port S Wired-Or Mode Register (WOMS) RW
$OF Reserved -
$10 Port M 1/0O Register (PTM) RW
$11 Port M Input Register (PTIM) R
$12 Port M Data Direction Register (DDRM) RW
$13 Port M Reduced Drive Register (RDRM) RW
$14 Port M Pull Device Enable Register (PERM) RW
$15 Port M Polarity Select Register (PPSM) RW
$16 Port M Wired-Or Mode Register (WOMM) RW
$17 Module Routing Register (MODRR) RW
$18 Port P I/O Register (PTP) RW
$19 Port P Input Register (PTIP) R
$1A Port P Data Direction Register (DDRP) RW
$1B Port P Reduced Drive Register (RDRP) RW
$1C Port P Pull Device Enable Register (PERP) RW
$1D Port P Polarity Select Register (PPSP) RW
$1E Port P Interrupt Enable Register (PIEP) RW
$1F Port P Interrupt Flag Register (PIFP) RW
$20 Port H 1/O Register (PTH) RW

18
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$21 Port H Input Register (PTIH) R
$22 Port H Data Direction Register (DDRH) RW
$23 Port H Reduced Drive Register (RDRH) RW
$24 Port H Pull Device Enable Register (PERH) RW
$25 Port H Polarity Select Register (PPSH) RW
$26 Port H Interrupt Enable Register (PIEH) RW
$27 Port H Interrupt Flag Register (PIFH) RW
$28 Port J I/O Register (PTJ) Rw!
$29 Port J Input Register (PTIJ) R
$2A Port J Data Direction Register (DDRJ) Rw1
$2B Port J Reduced Drive Register (RDRJ) Rw!
$2C Port J Pull Device Enable Register (PERJ) RwW!
$2D Port J Polarity Select Register (PPSJ) Rw1
$2E Port J Interrupt Enable Register (PIEJ) Rw!
$2F Port J Interrupt Flag Register (PIFJ) Rw!
$30 — $3F Reserved -
NOTES:

1. Write access not applicable for one or more register bits. Please refer to detailed signal descrip-

tion.

NOTE:

Register Address = Base Address + Address Offset, where the Base Address is

defined at the MCU level and the Address Offset is defined at the module level.

3.3 Register Descriptions

The following table summarizes the effect on the various configuration bits, data direction (DDR), output
level (1/0), reduced drive (RDR), pull enable (PE), pull select (PS) and interrupt enable (IE) for the ports.

The configuration bit PS is used for two purposes:

1. Configure the sensitive interrupt edge (rising or falling), if interrupt is enabled.

2. Select either a pull-up or pull-down device if PE is active.

@ MOTOROLA
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Table 3-2 Pin Configuration Summary

DDR 10 RDR PE PS IEL Function Pull Device Interrupt
0 X X 0 X 0 Input Disabled Disabled
0 X X 1 0 0 Input Pull Up Disabled
0 X X 1 1 0 Input Pull Down Disabled
0 X X 0 0 1 Input Disabled falling edge
0 X X 0 1 1 Input Disabled rising edge
0 X X 1 0 1 Input Pull Up falling edge
0 X X 1 1 1 Input Pull Down rising edge
1 0 0 X X 0 Output, full drive to O Disabled Disabled
1 1 0 X X 0 Output, full drive to 1 Disabled Disabled
1 0 1 X X 0 Output, reduced drive to 0 Disabled Disabled
1 1 1 X X 0 Output, reduced drive to 1 Disabled Disabled
1 0 0 X 0 1 Output, full drive to O Disabled falling edge
1 1 0 X 1 1 Output, full drive to 1 Disabled rising edge
1 0 1 X 0 1 Output, reduced drive to 0 Disabled falling edge
1 1 1 X 1 1 Output, reduced drive to 1 Disabled rising edge

NOTES:

1. Applicable only on port P, H and J.

NOTE: Allbits of all registers in this module are completely synchronous to internal clocks
during a register read.

3.3.1 Port T Registers

Address Offset: $ 00

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Write PTT7 PTT6 PTT5 PTT4 PTT3 PTT2 PTT1 PTTO
ECT: I0C7 10C6 10C5 I0C4 I0C3 10C2 I0C1 I0CO
Reset: 0 0 0 0 0 0 0 0
] = Reserved or unimplemented

Figure 3-1 Port T I/O Register (PTT)

Read:Anytime.

20 @ MOTOROLA



PIM_9DTB128 Block Guide — V02.05

Write:Anytime.

If the data direction bits of the associated I/O pins are setto 1, a read returns the value of the port register,
otherwise the value at the pins is read.

Address Offset: $ 01

Bit 7 6 5 4 3 2 1 Bit 0
Read: PTIT7 PTIT6 PTITS PTIT4 PTIT3 PTIT2 PTIT1 PTITO
Write:
Reset: - - - - - - - -
] = Reserved or unimplemented

Figure 3-2 Port T Input Register (PTIT)

Read:Anytime.
Write:Never, writes to this register have no effect.

This register always reads back the status of the associated pins. This can also be used to detect overload
or short circuit conditions on output pins.

Address Offset: $ 02

Bit 7 6 5 4 3 2 1 Bit 0
\Ijve:tlg DDRT7 DDRT6 DDRT5 DDRT4 DDRT3 DDRT2 DDRT1 DDRTO
Reset: 0 0 0 0 0 0 0 0
|:| = Reserved or unimplemented

Figure 3-3 Port T Data Direction Register (DDRT)

Read:Anytime.
Write:Anytime.

This register configures each port T pin as either input or output.

The ECT forces the I/O state to be an output for each timer port associated with an enabled output compare.
In these cases the data direction bits will not change.

The DDRT bits revert to controlling the I/O direction of a pin when the associated timer output compare
is disabled.

The timer input capture always monitors the state of the pin.

DDRT[7:0] — Data Direction Port T
1 = Associated pin is configured as output.
0 = Associated pin is configured as input.

Due to internal synchronization circuits, it can take up to 2 bus cycles until the correct value is read on
PTT or PTIT registers, when changing the DDRT register.
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Address Offset: $ 03

Bit 7 6 5 4 3 2 1 Bit 0
\F;Veriatlg_: RDRT7 RDRT6 RDRTS5 RDRT4 RDRT3 RDRT2 RDRT1 RDRTO
Reset: 0 0 0 0 0 0 0 0
|:| = Reserved or unimplemented

Read:Anytime.
Write:Anytime.

This register configures the drive strength of each port T output pin as either full or reduced. If the port is
used as input this bit is ignored.

Figure 3-4 Port T Reduced Drive Register (RDRT)

RDRT[7:0] — Reduced Drive Port T
1 = Associated pin drives at about 1/6 of the full drive strength.

0 = Full drive strength at output.

Address Offset: $ 04

Bit 7 6 5 4 3 2 1 Bit 0
\Ijverftlg PERT7 PERT6 PERT5 PERT4 PERT3 PERT2 PERT1 PERTO
Reset: 0 0 0 0 0 0 0 0
|:| = Reserved or unimplemented

Read:Anytime.
Write:Anytime.

This register configures whether a pull-up or a pull-down device is activated, if the port is used as input.

Figure 3-5 Port T Pull Device Enable Register (PERT)

This bit has no effect if the port is used as output. Out of reset no pull device is enabled.

PERT[7:0] — Pull Device Enable Port T
1 = Either a pull-up or pull-down device is enabled.
0 = Pull-up or pull-down device is disabled.
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Bit 7 6 5 4 3 2 1 Bit 0
\'jve”at‘g PPST7 | PPST6 | PPSTS | PPST4 | PPST3 | PPST2 | PPSTL | PPSTO
Reset: 0 0 0 0 0 0 0 0
] = Reserved or unimplemented

Figure 3-6 Port T Polarity Select Register (PPST)

Read:Anytime.
Write:Anytime.

This register selects whether a pull-down or a pull-up device is connected to the pin.

PPST[7:0] — Pull Select Port T
1 = A pull-down device is connected to the associated port T pin, if enabled by the associated bit in
register PERT and if the port is used as input.
0 = A pull-up device is connected to the associated port T pin, if enabled by the associated bit in
register PERT and if the port is used as input.

3.3.2 Port S Registers

Address Offset: $ 08

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Write: PTS7 PTS6 PTS5 PTS4 PTS3 PTS2 PTS1 PTSO
SPI/SCI SSO SCKO MOSIO MISO0 TXD1 RXD1 TXDO RXDO
Reset: 0 0 0 0 0 0 0 0

]

= Reserved or unimplemented

Figure 3-7 Port S I/O Register (PTS)

Read:Anytime.
Write:Anytime.

If the data direction bits of the associated I/O pins are setto 1, a read returns the value of the port register,
otherwise the value at the pins is read.

The SPI pins (PS[7:4]) configuration is determined by several status bits in the SPI r8edutbapter

SPI for details

The SCI ports associated with transmit pins 3 and 1 are configured as outputs if the transmitter is enabled.
The SCI pins associated with receive pins 2 and 0 are configured as inputs if the receiver isSeabled.
chapter SCI for details
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Address Offset: $ 09

Bit 7 6 5 4 3 2 1 Bit O
Read: PTIS7 PTIS6 PTIS5 PTIS4 PTIS3 PTIS2 PTIS1 PTISO
Write:
Reset: - - - - - - - -

] = Reserved or unimplemented

Figure 3-8 Port S Input Register (PTIS)

Read:Anytime.
Write:Never, writes to this register have no effect.

This register always reads back the status of the associated pins. This also can be used to detect overload
or short circuit conditions on output pins.

Address Offset:$__ 0A

Bit 7 6 5 4 3 2 1 Bit 0
\?Ver?tlg': DDRS7 DDRS6 DDRS5 DDRS4 DDRS3 DDRS2 DDRS1 DDRSO
Reset: 0 0 0 0 0 0 0 0

] = Reserved or unimplemented

Figure 3-9 Port S Data Direction Register (DDRS)

Read:Anytime.
Write:Anytime.

This register configures each port S pin as either input or output

If SPI is enabled, the SPI determines the pin direckondetails see SPI specification.

If the associated SCI transmit or receive channel is enabled this register has no effect on the pins. The pin
is forced to be an output if a SCI transmit channel is enabled, it is forced to be an input if the SCI receive

channel is enabled.
The DDRS bits revert to controlling the I/O direction of a pin when the associated channel is disabled.

DDRS[7:0] — Data Direction Port S
1 = Associated pin is configured as output.
0 = Associated pin is configured as input.

Due to internal synchronization circuits, it can take up to 2 bus cycles until the correct value isread on PTS
or PTIS registers, when changing the DDRS register.
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Bit 7 6 5 4 3 2 1 Bit 0
\F;Veriatlg_: RDRS7 RDRS6 RDRS5 RDRS4 RDRS3 RDRS2 RDRS1 RDRSO
Reset: 0 0 0 0 0 0 0 0
|:| = Reserved or unimplemented

Figure 3-10 Port S Reduced Drive Register (RDRS)

Read:Anytime.
Write:Anytime.

This register configures the drive strength of each port S output pin as either full or reduced. If the portis
used as input this bit is ignored.

RDRS[7:0] — Reduced Drive Port S
1 = Associated pin drives at about 1/6 of the full drive strength.
0 = Full drive strength at output.

Address Offset: $ 0C

5\222_: PERS7 PERS6 PERS5 PERS4 PERS3 PERS2 PERS1 PERSO
Reset: 1 1 1 1 1 1 1 1
|:| = Reserved or unimplemented

Figure 3-11 Port S Pull Device Enable Register (PERS)

Read:Anytime.
Write:Anytime.

This register configures whether a pull-up or a pull-down device is activated, if the port is used as input or
as output in wired-or (open drain) mode. This bit has no effect if the port is used as push-pull output. Out
of reset a pull-up device is enabled.

PERS[7:0] — Pull Device Enable Port S
1 = Either a pull-up or pull-down device is enabled.
0 = Pull-up or pull-down device is disabled.
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Address Offset: $ 0D

Bit 7 6 5 4 3 2 1 Bit 0
\Ijverig PPSS7 PPSS6 PPSS5 PPSS4 PPSS3 PPSS2 PPSS1 PPSSO
Reset: 0 0 0 0 0 0 0 0
] = Reserved or unimplemented

Figure 3-12 Port S Polarity Select Register (PPSS)

Read:Anytime.
Write:Anytime.
This register selects whether a pull-down or a pull-up device is connected to the pin.

PPSS[7:0] — Pull Select Port S
1 = A pull-down device is connected to the associated port S pin, if enabled by the associated bit in

register PERS and if the port is used as input.
0 = A pull-up device is connected to the associated port S pin, if enabled by the associated bit in

register PERS and if the port is used as input or as wired-or output.

Address Offset: $ OE

Bit 7 6 5 4 3 2 1 Bit 0
\Ijverig WOMS7 | WOMS6 | WOMS5 | woMms4 | wWoMS3 | WOMS2 | womS1 | wWOoMSo
Reset: 0 0 0 0 0 0 0 0
] = Reserved or unimplemented

Figure 3-13 Port S Wired-Or Mode Register (WOMS)

Read:Anytime.

Write:Anytime.

This register configures the output pins as wired-or. If enabled the output is driven active low only
(open-drain). A logic level of “1” is not driven. It applies also to the SPI and SCI outputs and allows a
multipoint connection of several serial modules. This bit has no influence on pins used as inputs.

WOMS[7:0] — Wired-Or Mode Port S
1 = Output buffers operate as open-drain outputs.
0 = Output buffers operate as push-pull outputs.
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Bit 7 6 5 4 3 2 1 Bit 0
Read:
Write: PTM7 PTM6 PTMS PTM4 PTM3 PTM2 PTM1 PTMO
BF: | BF_PSLM | BF_PERR | BF_PROK | BF_PSYN | TX_BF RX_BF
CAN: | TXCAN4 | RXCAN4 | TXCANO | RXCANO | TXCAN1 | RXCAN1 | TXCANO | RXCANO
BDLC TXB RXB
CANO TXCANO | RXCANO
CAN4 TXCAN4 | RXCAN4
SPIO SCKO | MOSIO SS0 | MISO0
Reset 0 0 0 0 0 0 0 0

|:| = Reserved or unimplemented

Figure 3-14 Port M I/O Register (PTM)

Read:Anytime.
Write:Anytime.

If the data direction bits of the associated I/O pins are setto 1, a read returns the value of the port register,
otherwise the value at the pins is read.

PM[7:6]
The Byteflight function (BF_PSLM and BF_PERR) takes precedence over the CAN4 and the general
purpose /O function if the Byteflight module and the associated output function are erRéfedto
Byteflight Block Guide for details.
The CAN4 function (TXCAN4 and RXCAN4) takes precedence over the general purpose I/O function
if the CAN4 module is enable®efer to MSCAN Block Guide for details.

PM[5:4]

The Byteflight function (BF_PROK and BF_PSYN) takes precedence over the CANO, CAN4, the
SPI0 and the general purpose I/O function if the Byteflight module and the associated output function
are enabledRefer to Byteflight Block Guide for details.

The CANO function (TXCANO and RXCANO) takes precedence over the CAN4, the SPI0 and the
general purpose I/O function if the CANO module is enablRefer to MSCAN Block Guide for details.
The CAN4 function (TXCAN4 and RXCAN4) takes precedence over the SPIO and general purpose
I/O function if the CAN4 module is enablddefer to MSCAN Block Guide for details.

The SPIO function (SCKO and MOSIO) takes precedence of the general purpose I/O function if the
SPIO is enabledRefer to SPI Block Guide for details.

PM[3:2]

@ MOTOROLA 27



PIM_9DTB128 Block Guide — V02.05

The Byteflight function (TX_BF and RX_BF) takes precedence over the CAN1, CANO, the SPI0 and
the general purpose I/O function if the Byteflight module is enaBRetér to Byteflight Block Guide

for details.

The CAN1 function (TXCAN1 and RXCANL1) takes precedence over the CANO, the SPIO and the
general purpose I/O function if the CAN1 module is enablefer to MSCAN Block Guide for details.

The SPI0 function$S0 and MISO0) takes precedence of the general purpose I/O function if the SPI10
is enabledRefer to SPI Block Guide for detalils.

PM[1:0]

The CANO function (TXCANO and RXCANO) takes precedence over the BDLC and the general purpose
I/0O function if the CANO module is enabledefer to MSCAN Block Guide for details.

The BDLC function (TXB and RXB) takes precedence over the general purpose 1/O function associated
if enabled.Refer to BDLC Block Guide for details.

Address Offset: $ 11

Bit 7 6 5 4 3 2 1 Bit 0
Read: PTIM7 PTIM6 PTIM5 PTIM4 PTIM3 PTIM2 PTIM1 PTIMO
Write:
Reset:
|:| = Reserved or unimplemented

Figure 3-15 Port M Input Register (PTIM)

Read:Anytime.
Write:Never, writes to this register have no effect.

This register always reads back the status of the associated pins. This can also be used to detect overload
or short circuit conditions on output pins.

Address Offset: $__ 12

Bit 7 6 5 4 3 2 1 Bit O
\ljverig-: DDRM7 DDRM6 DDRM5 DDRM4 DDRM3 DDRM2 DDRM1 DDRMO
Reset: 0 0 0 0 0 0 0 0
|:| = Reserved or unimplemented

Figure 3-16 Port M Data Direction Register (DDRM)

Read:Anytime.
Write:Anytime.

This register configures each port M pin as either input or output.
The Byteflight/CAN/BDLC forces the 1/O state to be an output for each port line associated with an
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enabled output (TX_BF, BF_PSYN, BF_PROK, BF_PERR, BF_SLM, TXCAN[4,1:0], TXB). It also
forces the 1/O state to be an input for each port line associated with an enabled input (RX_BF,
RXCAN[4,1:0], RXB). In those cases the data direction bits will not change.

The DDRM bits revert to controlling the 1/0 direction of a pin when the associated peripheral module is
disabled.

DDRM][7:0] — Data Direction Port M
1 = Associated pin is configured as output.
0 = Associated pin is configured as input.

Due to internal synchronization circuits, it can take up to 2 bus cycles until the correct value is read on
PTM or PTIM registers, when changing the DDRM register.

Address Offset: $ 13

5\2;2_: RDRM7 RDRM6 RDRM5 RDRM4 RDRM3 RDRM2 RDRM1 RDRMO
Reset: 0 0 0 0 0 0 0 0

] = Reserved or unimplemented
Figure 3-17 Port M Reduced Drive Register (RDRM)

Read:Anytime.
Write:Anytime.

This register configures the drive strength of each port M output pin as either full or reduced. If the portis
used as input this bit is ignored.

RDRM][7:0] — Reduced Drive Port M
1 = Associated pin drives at about 1/6 of the full drive strength.
0 = Full drive strength at output.

Address Offset: $ 14

Bit 7 6 5 4 3 2 1 Bit 0
s\;ﬁgf PERM7 PERM6 PERMS PERM4 PERM3 PERM2 PERM1 PERMO
Reset: 0 0 0 0 0 0 0 0

] = Reserved or unimplemented

Figure 3-18 Port M Pull Device Enable Register (PERM)

Read:Anytime.
Write:Anytime.
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This register configures whether a pull-up or a pull-down device is activated, if the port is used as input or
wired-or output. This bit has no effect if the port is used as push-pull output. Out of reset no pull device is
enabled.

PERM][7:0] — Pull Device Enable Port M
1 = Either a pull-up or pull-down device is enabled.
0 = Pull-up or pull-down device is disabled.

Address Offset: $__ 15

Bit 7 6 5 4 3 2 1 Bit 0
\Ijverig PPSM7 PPSM6 PPSM5 PPSM4 PPSM3 PPSM2 PPSM1 PPSMO
Reset: 0 0 0 0 0 0 0 0
] = Reserved or unimplemented

Figure 3-19 Port M Polarity Select Register (PPSM)

Read:Anytime.
Write:Anytime.

This register selects whether a pull-down or a pull-up device is connected to the pin. If Byteflight is active
a pull-up device can be activated on the RX_BF input but not a pull-down; if CAN is active a pull-up
device can be activated on the RXCAN[4,1:0] inputs, but not a pull-down. If BDLC is active a pull-down
device can be activated on the RXB pin but not a pull-up.

PPSM[7:0] — Pull Select Port M
1 = A pull-down device is connected to the associated port M pin, if enabled by the associated bit

in register PERM and if the port is used as a general purpose or BDLC input but not as
RXCAN.

0 = A pull-up device is connected to the associated port M pin, if enabled by the associated bit in

register PERM and if the port is used as general purpose, Byteflight or RXCAN input but not
as BDLC.

Address Offset: $ 16

svift‘gf WOMM7 | WOMM6 | WOMM5 | WOMM4 | WOMM3 | WOMM2 | WOMM1 | WOMMO
Reset: 0 0 0 0 0 0 0 0
|:| = Reserved or unimplemented

Figure 3-20 Port M Wired-Or Mode Register (WOMM)

Read:Anytime.

Write:Anytime.
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This register configures the output pins as wired-or. If enabled the output is driven active low only
(open-drain). A logic level of “1” is not driven. It applies also to the Byteflight, CAN and BDLC outputs
and allows a multipoint connection of several serial modules. This bit has no influence on pins used as
inputs.

WOMM[7:0] — Wired-Or Mode Port M
1 = Output buffers operate as open-drain outputs.
0 = Output buffers operate as push-pull outputs.

Address Offset: $_ 17

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0
Write: MODRR5 | MODRR4 | MODRR3 | MODRR2 | MODRR1 | MODRRO
Reset: 0 0 0 0 0 0 0 0

|:| = Reserved or unimplemented
Figure 3-21 Module Routing Register (MODRR)

Read:Anytime.
Write:Anytime.
This register configures the re-routing of CANO, CAN4, SPIO and SPI1 on defined port pins.

MODRR[1:0] — CANO Routing
Table 3-3 CANO Routing

MODRR[1] [MODRR[0] [RXCANO |TXCANO
0 0 PMO PM1
0 1 PM2 PM3
1 0 PM4 PM5
1 1 PJ6 PJ7

MODRR][3:2] — CAN4 Routing
Table 3-4 CAN4 Routing

MODRR][3] [MODRR[2] | RXCAN4 |TXCANA4
0 0 PJ6 PJ7
0 1 PM4 PM5
1 0 PM6 PM7
1 1 Reserved

MODRR[4] — SPI0 Routing
Table 3-5 SPI0 Routing

MODRR[4] | MISOO0 MOSIO SCKO SSO
0 PS4 PS5 PS6 PS7
1 PM2 PM4 PM5 PM3
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MODRR[5] — SPI1 Routing
Table 3-6 SPI1 Routing

MODRR[5]| MISO1 [ MOSI1 | SCK1 SS1
0 PPO PP1 PP2 PP3
1 PHO PH1 PH2 PH3

3.3.4 Port P Registers

Address Offset: $__ 18

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Write: PTP7 PTP6 PTP5 PTP4 PTP3 PTP2 PTP1 PTPO
PWM: PWM7 PWM6 PWM5 PWM4 PWM3 PWM2 PWM1 PWMO
SPI: SS1 SCK1 MOSI1 MISO1
Reset: 0 0 0 0 0 0 0 0

|:| = Reserved or unimplemented

Figure 3-22 Port P I/O Register (PTP)

Read:Anytime.
Write:Anytime.

If the data direction bits of the associated 1/0 pins are setto 1, a read returns the value of the port register,
otherwise the value at the pins is read.

The PWM function takes precedence over the general purpose I/O function if the associated PWM channel
is enabled. While channels 6-0 are output only if the respective channel is enabled, channel 7 can be PWM
output or input if the shutdown feature is enabf&ek Chapter PWM.

The SPI function takes precedence over the general purpose I/O function associated with if@eabled.
Chapter SPI.

If both PWM and SPI are enabled the PWM functionality takes precedence.

Address Offset: $__19

Bit 7 6 5 4 3 2 1 Bit 0
Read: PTIP7 PTIP6 PTIP5 PTIP4 PTIP3 PTIP2 PTIP1 PTIPO
Write:
Reset:

|:| = Reserved or unimplemented

Figure 3-23 Port P Input Register (PTIP)

Read:Anytime.

Write:Never, writes to this register have no effect.
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This register always reads back the status of the associated pins. This can be also used to detect overload
or short circuit conditions on output pins.

Address Offset: $__ 1A

Bit 7 6 5 4 3 2 1 Bit 0
\Ijverig DDRP7 DDRP6 DDRP5 DDRP4 DDRP3 DDRP2 DDRP1 DDRPO
Reset: 0 0 0 0 0 0 0 0
] = Reserved or unimplemented

Figure 3-24 Port P Data Direction Register (DDRP)

Read:Anytime.
Write:Anytime.

This register configures each port P pin as either input or output.

If the associated PWM channel or SPI module is enabled this register has no effect on the pins.

The PWM forces the 1/O state to be an output for each port line associated with an enabled PWM7-0
channel. Channel 7 can force the pin to input if the shutdown feature is enabled.

If a SPI module is enabled, the SPI determines the pin direEtomletails see SPI specification.

The DDRM bits revert to controlling the 1/0 direction of a pin when the associated PWM channel is
disabled.

DDRP[7:0] — Data Direction Port P
1 = Associated pin is configured as output.
0 = Associated pin is configured as input.

Due to internal synchronization circuits, it can take up to 2 bus cycles until the correct value is read on PTP
or PTIP registers, when changing the DDRP register.

Address Offset: $__1B

Bit 7 6 5 4 3 2 1 Bit 0
\Ijverig RDRP7 RDRP6 RDRP5 RDRP4 RDRP3 RDRP2 RDRP1 RDRPO
Reset: 0 0 0 0 0 0 0 0
] = Reserved or unimplemented

Figure 3-25 Port P Reduced Drive Register (RDRP)

Read:Anytime.
Write:Anytime.

This register configures the drive strength of each port P output pin as either full or reduced. If the portis
used as input this bit is ignored.
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RDRP[7:0] — Reduced Drive Port P
1 = Associated pin drives at about 1/6 of the full drive strength.
0 = Full drive strength at output.

Address Offset: $ 1C

Bit 7 6 5 4 3 2 1 Bit 0
5\222_: PERP7 PERP6 PERP5 PERP4 PERP3 PERP2 PERP1 PERPO
Reset: 0 0 0 0 0 0 0 0

|:| = Reserved or unimplemented

Figure 3-26 Port P Pull Device Enable Register (PERP)

Read:Anytime.
Write:Anytime.

This register configures whether a pull-up or a pull-down device is activated, if the port is used as input.
This bit has no effect if the port is used as output. Out of reset no pull device is enabled.

PERP[7:0] — Pull Device Enable Port P
1 = Either a pull-up or pull-down device is enabled.
0 = Pull-up or pull-down device is disabled.

Address Offset: $ 1D

Bit 7 6 5 4 3 2 1 Bit 0
\?verig PPSP7 | PPSP6 | PPSP5 | PPSP4 | PPSP3 | PPSP2 | PPSP1 | PPSPO
Reset: 0 0 0 0 0 0 0 0

] = Reserved or unimplemented

Figure 3-27 Port P Polarity Select Register (PPSP)

Read:Anytime.
Write:Anytime.

This register serves a dual purpose by selecting the polarity of the active interrupt edge as well as selecting
a pull-up or pull-down device if enabled.

PPSP[7:0] — Polarity Select Port P
1 = Rising edge on the associated port P pin sets the associated flag bit in the PIFP register.A
pull-down device is connected to the associated port P pin, if enabled by the associated bit in
register PERP and if the port is used as input.
0 = Falling edge on the associated port P pin sets the associated flag bit in the PIFP register.A
pull-up device is connected to the associated port P pin, if enabled by the associated bit in
register PERP and if the port is used as input.
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Bit 7 6 5 4 3 2 1 Bit 0
Read:
Write: PIEP7 PIEP6 PIEPS5 PIEP4 PIEP3 PIEP2 PIEP1 PIEPO
Reset: 0 0 0 0 0 0 0 0
] = Reserved or unimplemented

Figure 3-28 Port P Interrupt Enable Register (PIEP)

Read:Anytime.
Write:Anytime.

This register disables or enables on a per pin basis the edge sensitive external interrupt associated with port
P.

PIEP[7:0] — Interrupt Enable Port P
1 = Interrupt is enabled.
0 = Interrupt is disabled (interrupt flag masked).

Address Offset: $__1F

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Witer | PIFP7 PIFP6 PIFP5 PIFP4 | PIFP3 | PIFP2 PIFP1 PIFPO
Reset: 0 0 0 0 0 0 0 0
|:| = Reserved or unimplemented

Figure 3-29 Port P Interrupt Flag Register (PIFP)

Read:Anytime.
Write:Anytime.

Each flag is set by an active edge on the associated input pin. This could be a rising or a falling edge based
on the state of the PPSP register. To clear this flag, write “1” to the corresponding bit in the PIFP register.
Writing a “0” has no effect.

PIFP[7:0] — Interrupt Flags Port P
1 = Active edge on the associated bit has occurred (an interrupt will occur if the associated enable
bit is set).
Writing a “1” clears the associated flag.
0 = No active edge pending.
Writing a “0” has no effect.
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3.3.5 Port H Registers

Address Offset:$__ 20

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Write: PTH7 PTH6 PTH5 PTH4 PTH3 PTH2 PTH1 PTHO
SPI1 SS1 SCK1 MOSI1 MISO1
Reset: 0 0 0 0 0 0 0 0

|:| = Reserved or unimplemented

Figure 3-30 Port H I/O Register (PTH)

Read:Anytime.
Write:Anytime.

If the data direction bits of the associated I/O pins are set to 1, a read returns the value of the port register,
otherwise the value at the pins is read.

The SPI function takes precedence over the general purpose I/O function associated with if &edbled.
to SPI Block Guide for details.

Address Offset: $ 21

Bit 7 6 5 4 3 2 1 Bit 0
Read: PTIH7 PTIH6 PTIH5 PTIH4 PTIH3 PTIH2 PTIH1 PTIHO
Write:
Reset: - - - - -

|:| = Reserved or unimplemented

Figure 3-31 Port H Input Register (PTIH)

Read:Anytime.
Write:Never, writes to this register have no effect.

This register always reads back the status of the associated pins. This can also be used to detect overload
or short circuit conditions on output pins.
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Address Offset: $__ 22

Bit 7 6 5 4 3 2 1 Bit 0
\Ijverig DDRH7 DDRH6 DDRH5 DDRH4 DDRH3 DDRH2 DDRH1 DDRHO
Reset: 0 0 0 0 0 0 0 0
] = Reserved or unimplemented

Figure 3-32 Port H Data Direction Register (DDRH)

Read:Anytime.
Write:Anytime.
This register configures each port H pin as either input or output.

DDRH]J7:0] — Data Direction Port H
1 = Associated pin is configured as output.
0 = Associated pin is configured as input.

Due to internal synchronization circuits, it can take up to 2 bus cycles until the correct value is read on
PTH or PTIH registers, when changing the DDRH register.

Address Offset: $__ 23

Bit 7 6 5 4 3 2 1 Bit 0
\Ijverig RDRH7 RDRHG6 RDRH5 RDRH4 RDRH3 RDRH2 RDRH1 RDRHO
Reset: 0 0 0 0 0 0 0 0
] = Reserved or unimplemented

Figure 3-33 Port H Reduced Drive Register (RDRH)

Read:Anytime.
Write:Anytime.

This register configures the drive strength of each port H output pin as either full or reduced. If the port is
used as input this bit is ignored.

RDRH[7:0] — Reduced Drive Port H
1 = Associated pin drives at about 1/6 of the full drive strength.
0 = Full drive strength at output.
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Address Offset: $__ 24

Bit 7 6 5 4 3 2 1 Bit 0
\Ijverig PERH7 PERH6 PERH5 PERH4 PERH3 PERH2 PERH1 PERHO
Reset: 0 0 0 0 0 0 0 0
] = Reserved or unimplemented

Figure 3-34 Port H Pull Device Enable Register (PERH)

Read:Anytime.
Write:Anytime.

This register configures whether a pull-up or a pull-down device is activated, if the port is used as input.
This bit has no effect if the port is used as output. Out of reset no pull device is enabled.

PERH[7:0] — Pull Device Enable Port H
1 = Either a pull-up or pull-down device is enabled.
0 = Pull-up or pull-down device is disabled.

Address Offset: $ 25

Bit 7 6 5 4 3 2 1 Bit 0
5\222_: PPSH7 PPSH6 PPSH5 PPSH4 PPSH3 PPSH2 PPSH1 PPSHO
Reset: 0 0 0 0 0 0 0 0

= Reserved or unimplemented

Figure 3-35 Port H Polarity Select Register (PPSH)

Read:Anytime.
Write:Anytime.

This register serves a dual purpose by selecting the polarity of the active interrupt edge as well as selecting
a pull-up or pull-down device if enabled.

PPSHI[7:0] — Polarity Select Port H
1 = Rising edge on the associated port H pin sets the associated flag bit in the PIFH register.
A pull-down device is connected to the associated port H pin, if enabled by the associated bit
in register PERH and if the port is used as input.
0 = Falling edge on the associated port H pin sets the associated flag bit in the PIFH register.
A pull-up device is connected to the associated port H pin, if enabled by the associated bit in
register PERH and if the port is used as input.
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Bit 7 6 5 4 3 2 1 Bit 0
Read:
Write: PIEH7 PIEH6 PIEHS5 PIEH4 PIEH3 PIEH2 PIEH1 PIEHO
Reset: 0 0 0 0 0 0 0 0
] = Reserved or unimplemented

Figure 3-36 Port H Interrupt Enable Register (PIEH)

Read:Anytime.
Write:Anytime.

This register disables or enables on a per pin basis the edge sensitive external interrupt associated with port

H.

PIEH[7:0] — Interrupt Enable Port H
1 = Interrupt is enabled.
0 = Interrupt is disabled (interrupt flag masked).

Address Offset: $_ 27

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Write: PIFH7 PIFH6 PIFH5 PIFH4 PIFH3 PIFH2 PIFH1 PIFHO
Reset: 0 0 0 0 0 0 0 0
|:| = Reserved or unimplemented

Figure 3-37 Port H Interrupt Flag Register (PIFH)

Read:Anytime.
Write:Anytime.

Each flag is set by an active edge on the associated input pin. This could be a rising or a falling edge based
on the state of the PPSH register. To clear this flag, write “1” to the corresponding bit in the PIFH register.
Writing a “0” has no effect.

PIFH[7:0] — Interrupt Flags Port H
1 = Active edge on the associated bit has occurred (an interrupt will occur if the associated enable
bit is set).
Writing a “1” clears the associated flag.
0 = No active edge pending.
Writing a “0” has no effect.
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3.3.6 Port J Registers

Address Offset: $__ 28

Bit 7 6 1 Bit 0

Read:

. PTJ7 PTJ6 PTJ1 PTJO
Write:
CAN4: | TXCAN4 | RXCAN4

IIC: SCL SDA

CANO: [ TXCANO | RXCANO
Reset: 0 0 0 0

] = Reserved or unimplemented

Figure 3-38 Port J I/0 Register (PTJ)

Read:Anytime.
Write:Anytime.

If the data direction bits of the associated I/O pins are setto 1, a read returns the value of the port register,
otherwise the value at the pins is read.

PJ[7:6]

The CANA4 function (TXCAN4 and RXCAN4) takes precedence over the IIC, the CANO and the
general purpose I/O function if the CAN4 module is enablefer to MSCAN Block Guide for details.

The IIC function (SCL and SDA) takes precedence over CANO and the general purpose I/O function
if the IIC is enabled. If the IIC module takes precedence the SDA and SCL outputs are configured as
open drain outputfefer to IIC Block Guide for details.

The CANO function (TXCANO and RXCANO) takes precedence over the general purpose I/O function

if the CANO module is enable®efer to MSCAN Block Guide for details.

Address Offset: $ 29

Bit 7 6 5 4 3 2 1 Bit 0
Read: PTIJ7 PTIJ6 0 0 0 0 PTIJ1 PTIJO
Write:
Reset:

] = Reserved or unimplemented

Figure 3-39 Port J Input Register (PTIJ)

Read:Anytime.
Write:Never, writes to this register have no effect.

This register always reads back the status of the associated pins. This can be used to detect overload or
short circuit conditions on output pins.
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Bit 7 6 1 Bit 0
Read: | 037 | DDRIs DDRJ1 | DDRJO
Write:
Reset: 0 0 0 0

] = Reserved or unimplemented

Figure 3-40 Port J Data Direction Register (DDRJ)

Read:Anytime.
Write:Anytime.

This register configures each port J pin as either input or output.

The CAN forces the I/O state to be an output on PJ7 (TXCAN4) and an input on pin PJ6 (RXCAN4). The
[IC takes control of the I/O if enabled. In these cases the data direction bits will not change. The DDRJ
bits revert to controlling the 1/O direction of a pin when the associated peripheral module is disabled.

DDRJ[7:6][1:0] — Data Direction Port J
1 = Associated pin is configured as output.
0 = Associated pin is configured as input.

Due to internal synchronization circuits, it can take up to 2 bus cycles until the correct value is read on PTJ
or PTIJ registers, when changing the DDRJ register.

Address Offset: $__ 2B

Bit 7 6 1 Bit 0
Read: | ohri7 | RDRI6 RDRJ1L | RDRJO
Write:
Reset: 0 0 0 0

] = Reserved or unimplemented

Figure 3-41 Port J Reduced Drive Register (RDRJ)

Read:Anytime.
Write:Anytime.

This register configures the drive strength of each port J output pin as either full or reduced. If the portis
used as input this bit is ignored.

RDRJ[7:6][1:0] — Reduced Drive Port J
1 = Associated pin drives at about 1/6 of the full drive strength.
0 = Full drive strength at output.
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Address Offset: $__2C

Bit 7 6 1 Bit 0
Read: | oep37 | PERJG PERJ1 | PERJO
Write:
Reset: 1 1 1 1

] = Reserved or unimplemented

Figure 3-42 Port J Pull Device Enable Register (PERJ)

Read:Anytime.
Write:Anytime.

This register configures whether a pull-up or a pull-down device is activated, if the port is used as input or
as wired-or output. This bit has no effect if the port is used as push-pull output. Out of reset a pull-up device
is enabled.

PERJ[7:6][1:0] — Pull Device Enable Port J
1 = Either a pull-up or pull-down device is enabled.
0 = Pull-up or pull-down device is disabled.

Address Offset: $ 2D

Bit 7 6 5 4 3 2 1 Bit 0
Read: | pos37 | ppsis 0 0 0 0 PPSJ1 | PPSJO
Write:
Reset: 0 0 - - - - 0 0

] = Reserved or unimplemented

Figure 3-43 Port J Polarity Select Register (PPSJ)

Read:Anytime.
Write:Anytime.

This register serves a dual purpose by selecting the polarity of the active interrupt edge as well as selecting
a pull-up or pull-down device if enabled.

PPSJ[7:6][1:0] — Polarity Select Port J
1 = Rising edge on the associated port J pin sets the associated flag bit in the PIFJ register.
A pull-down device is connected to the associated port J pin, if enabled by the associated bit in
register PERJ and if the port is used as input.
0 = Falling edge on the associated port J pin sets the associated flag bit in the PIFJ register.
A pull-up device is connected to the associated port J pin, if enabled by the associated bit in
register PERJ and if the port is used as general purpose input or as IIC port.
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Bit 7 6 3 1 Bit 0
Read: | o cq0 PIEJ6 0 PIEJ1 PIEJO
Write:
Reset: 0 0 0 0

] = Reserved or unimplemented

Figure 3-44 Port J Interrupt Enable Register (PIEJ)

Read:Anytime.
Write:Anytime.

This register disables or enables on a per pin basis the edge sensitive external interrupt associated with port
J.

PIEJ[7:6][1:0] — Interrupt Enable Port J
1 = Interrupt is enabled.
0 = Interrupt is disabled (interrupt flag masked).

Address Offset: $_ 2F

Bit 7 6 3 1 Bit 0
Read: | o0 PIFJ6 0 PIFJ1 PIFJO
Write:
Reset: 0 0 0 0

|:| = Reserved or unimplemented

Figure 3-45 Port J Interrupt Flag Register (PIFJ)

Read:Anytime.
Write:Anytime.

Each flag is set by an active edge on the associated input pin. This could be a rising or a falling edge based
on the state of the PPSJ register. To clear this flag, write “1” to the corresponding bit in the PIFJ register.
Writing a “0” has no effect.

PIFJ[7:6][1:0] — Interrupt Flags Port J
1 = Active edge on the associated bit has occurred (an interrupt will occur if the associated enable
bit is set).
Writing a “1” clears the associated flag.
0 = No active edge pending.
Writing a “0” has no effect.
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Section 4 Functional Description

4.1 General

Each pin can act as general purpose I/O. In addition the pin can act as an output from a peripheral module
or aninputto a peripheral modulBable 4-1 summarizes the priority in case of multiple enabled modules
trying to control a shared port.

Table 4-1 Summary of Functional Priority

Port Priority 1
T ECT > GPIO
S SCI, SPI > GPIO
Byteflight > CANO > BDLC > GPIO
M Byteflight > CAN1 > (routed) CANO > (routed) SPI0 > GPIO
Byteflight > (routed) CANO > (routed) CAN4 > (routed) SPIO > GPIO
Byteflight > (routed) CAN4 > GPIO
P PWM > SPI > GPIO
H SPI > GPIO
J CAN4 > IIC > (routed) CANO > GPIO
A
B Refer to HCS12 Multiplexed External Bus Interface Block
E Guide for details
K
: Refer to HCS12 Background Debug Mode Block Guide fpr
BKGD pin details

NOTES:
1. Highest priority >... > lowest priority

A set of configuration registers is common to all ports. All registers can be written at any time, however a
specific configuration might not become active.

Example:

Selecting a pull-up resistor. This resistor does not become active while the port is used as a push-pull
output.

4.1.1 1/O reqister

This register holds the value driven out to the pin if the port is used as a general purpose 1/O.
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Writing to this register has only an effect on the pin if the port is used as general purpose output. When
reading this address, the value of the pins is returned if the data direction register bits are set to 0.

If the data direction register bits are set to 1, the contents of the 1/O register is returned. This is independent
of any other configuratiorF{gure 4-1).

4.1.2 Input register
This is a read-only register and always returns the value of thEiguré 4-1).
4.1.3 Data direction register

This register defines whether the pin is used as an input or an output.

If a peripheral module controls the pin the contents of the data direction register is ighayece(4-1 ).

PTI

o L)
o _‘ N PAD

DDR 0

data out

M Od u | e output enable

Figure 4-1 lllustration of I/O pin functionality

4.1.4 Reduced drive register
If the port is used as an output the register allows the configuration of the drive strength.
4.1.5 Pull device enable register

This register turns on a pull-up or pull-down device.

It becomes only active if the pin is used as an input or as a wired-or output.
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4.1.6 Polarity select register

This register selects either a pull-up or pull-down device if enabled.

It becomes only active if the pin is used as an input. A pull-up device can be activated if the pin is used as
a wired-or output.

4.2 PortT

This port is associated with the Enhanced Capture Timer module.

In all modes, port T pins PT[7:0] can be used for either general-purpose 1/O, or with the channels of the
Enhanced Capture Timer.

During reset, port T pins are configured as high-impedance inputs.

4.3 PortS

This port is associated with the serial SCI and SPI modules.

In all modes, port S pins PS[7:0] can be used either for general-purpose 1/O, or with the SCI and SPI
subsystems.

During reset, port S pins are configured as inputs with pull-up.

The SPI pins can be re-routed. Refer to sectidril.

4.4 Port M

This port is associated with the Byteflight, BDLC and 3 CAN modules.

In all modes, port M pins PM[7:0] can be used for either general purpose 1/O, or with the CAN and BDLC
subsystems.

By default, pins PMO and PM1 are shared between the CANO and the BDLC module. If CANO is enabled

the pins become CAN transmit and receive pins. If BLDC is enabled and CANO is disabled, pins become
active BDLC transmit and receive pins. Pins PM2-7 are shared amongst Byteflight, CANO, 1 and 4, and
SPIO.

During reset, port M pins are configured as high-impedance inputs.
The CAN pins can be re-routed. Refer to secfighl.

4.4.1 Module Routing Register

This register allows to re-route the CANO, CAN4, SPI0 and SPI1 pins to predefined pins.
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NOTE: The purpose of the Module Routing Register is to provide maximum flexibility for
future derivatives of the MC9S12DT128 with a lower number of MSCAN and SPI
modules.

Table 4-2 Implemented modules on derivatives

SPI
modules

MSCAN modules
Number of modules

CANO | CAN1 | CAN4 | SPIO | SPI1

3 X X X X X
2 X - X X X
1 X - - X

The Byteflight module has highest priority if enabled. The CANO transmit and receive pin can be routed
to PM[3:2] or PM[5:4] if Byteflight and CAN1 are disabled, respectively. PM[5:4] or PM[7:6] can be
taken by CAN4, if Byteflight is disabled. CANO has priority over CAN4 if both modules are trying to
access PM[5:4] at the same time.

The SPI0 pins can be routed to PM[5:2] if no other module uses these pins. If the SPI0 module is routed
on PM[5:4] and used in bidirectional master mode with disa®®&dutput, PM[3:2] are free to be used
with Byteflight, CAN or GPIO.

The SPI1 pins can be routed to PH[3:0].

45 PortP

This port is associated with the PWM and one SPI modules.

In all modes, port P pins PP[7:0] can be used for either general purpose 1/O, or with the PWM and SPI
subsystems.

The pins are shared between the PWM channels and the SPI1 module. If the PWM is enabled the pins
become PWM output channels with the exception of pin 7 which can be PWM input or output. If SPI1 is
enabled and PWM is disabled, the respective pin configuration is determined by several status bits in the
SPI module.

During reset, port P pins are configured as high-impedance inputs.
The SPI pins can be re-routed. Refer to sectidril.

Port P offers 8 I/0 pins with edge triggered interrupt capability in wired-or fashion. The interrupt enable
as well as the sensitivity to rising or falling edges can be individually configured on per pin basis. All 8
bits/pins share the same interrupt vector. Interrupts can be used with the pins configured as inputs or
outputs.

An interrupt is generated when a bit in the port interrupt flag register and its corresponding port interrupt
enable bit are both set. This external interrupt feature is capable to wake up the CPU when it is in STOP
or WAIT mode.
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A digital filter on each pin prevents pulsdsigure 4-3) shorter than a specified time from generating an
interrupt. The minimum time varies over process conditions, temperature and vieitage 4-2 and
Table 4-3).

Glitch, filtered out, no interrupt flag set

I

Valid pulse, interrupt flag set

uncertain
i
| tpign |
t
l pval >|

Figure 4-2 Interrupt Glitch Filter on Port P, H and J (PPS=0)

Table 4-3 Pulse Detection Criteria

Mode
Pulse STOP sTop!
Unit
Ignored thuise =3 | bus clocks toulse < tpign
Uncertain 3<tpuse<4 | busclocks | thign < tpuise < tpval
Valid touise 24 | bus clocks toulse 2 tpval

NOTES:

1. These values include the spread of the oscillator frequency over tem-
perature, voltage and process.

t
< pulse

L

Figure 4-3 Pulse lllustration

A valid edge on an input is detected if 4 consecutive samples of a passive level are followed by 4
consecutive samples of an active level directly or indirectly.
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The filters are continuously clocked by the bus clock in RUN and WAIT mode. In STOP mode the clock
is generated by a single RC oscillator in the Port Integration Module. To maximize current saving the RC
oscillator runs only if the following condition is true on any pin:

Sample count <= 4 and port interrupt enabled (PIE=1) and port interrupt flag not set (PIF=0).

46 PortH

This port is associated with the SPI1.

Port H pins PHJ[3:0] can be used for either general purpose I/O, or with the SPI subsystem.
During reset, port H pins are configured as high-impedance inputs.

Port H pins can be used with the routed SPI1 module. Refer to séetitn

Port H offers 8 I/0O ports with the same interrupt features as port P.

Port H pins can be used with the routed SPI1 module. Refer to séetitn

4.7 PortJ

This port is associated with the CAN4, CANO and the 1IC.

Port J pins PJ[7:6] and PJ[1:0] can be used for either general purpose 1/O, or with the CAN and IIC
subsystems.

During reset, port J pins are configured as inputs with pull-up.

If IIC takes precedence the pins become IIC open-drain output pins.
The CAN4 pins can be re-routed. Refer to sectidnl.

Port J pins can be used with the routed CANO modules. Refer to séetibn

Port J offers 4 1/0O ports with the same interrupt features as port P.

4.8 Port A, B, E, K, and BKGD pin

Most port and pin logic is located in the MEBI and BDM modulesfer HCS12 Multiplexed External Bus
Interface and Background Debug Module Block Guides for details

4.9 External Pin Descriptions

All ports start up as general purpose inputs on reset.

@ MOTOROLA 49



PIM_9DTB128 Block Guide — V02.05
4.10 Low Power Options
4.10.1 Run Mode

No low power options exist for this module in run mode.

4.10.2 Wait Mode

No low power options exist for this module in wait mode.

4.10.3 Stop Mode

All clocks are stopped. There are however asynchronous paths to generate interrupts from STOP on port
P, Hand J.
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Section 5 Initialization/Application Information

5.1 General

The reset values of all registers are given in the Register Description in $e8tion

5.2 Reset Initialization

All registers including the data registers get set/reset asynchrondablg.5-1 summarizes the port
properties after reset initialization.

@ MOTOROLA

Table 5-1 Port Reset State Summary

Reset States

ide

"] B | puimode [Red. Drive | WiedOr | Iner
T input hiz disabled n/a n/a
S input pull-up disabled disabled n/a
M input hiz disabled disabled n/a
P input hiz disabled n/a disabled
H input hiz disabled n/a disabled
J input pull-up disabled n/a disabled
A
B Refer to HCS12 Multiplexed External Bus Interface Blqck
E Guide for details
K

BKGD pin Refer to HCS12 Background Debug Module Block Gu

for details

51



PIM_9DTB128 Block Guide — V02.05

Section 6 Interrupts

6.1 General

Ports P, H and J generate a separate edge sensitive interrupt if enabled.

6.2 Interrupt Sources

Interrupt Source Intglrélépt Local Enable Gl°bﬁ|€fSC|(CR)
Port P PIFP[7:0] PIEP[7:0] | Bit
Port H PIFH[7:0] PIEH[7:0] | Bit
Port J PIFJ[7:6,1:0] PIEJ[7:6,1:0] | Bit

Table 6-1 Port Integration Module Interrupt Sources

NOTE: Vector addresses and their relative interrupt priority are determined at the MCU
level.

6.3 Recovery from STOP

The PIM_9DTB128 can generate wake-up interrupts from STOP on ports P, H and J. For other sources of
external interrupts refer to the respective Block Guides.
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Revision History

l\\llﬁﬁlt?gr Reg;'gn Eﬁg;{lﬁ\}/e Author Description of Changes

00.00 3-12-98 First pass release
- Updates of Section 1 based on Nancy Thomas peer review and

00.01 3-15-98 internal spec review.
- Added initial information into Section 2.
- Updates of Section 1 and Section 2 per MSIL review.

00.02 4-7-98 .
- Updated cover page per latest spec template review.
- Updated per Rev. 3.0 TSCS Module Spec Template.
- Changed the Port and DDR register names to match the latest
HCS12 naming convention.
- Added the reset state under each counter, period, and duty

01.00 4-15-98 register in thg Register De_s_cription sec_tion_s. _ _

' - Added Design for Testability sub-section in Section 2 to describe

scan implementation.
- Updated Module I/O signal names in Section 2 per the latest
HCS12 signal naming convention.
- Frozen PWM spec sent to Delco.
- Added Document Number (12MRE31052W) to cover page of
spec per QS9000 requirements.
- Changed PWMEN register to PWME and also changed the bit
names from PWENx to PWMEX to follow the enable naming
convention.
- Changed PWMCEN register to PWMCAE and also changed the
bit names from CENx to CAEXx to avoid having the same register

0101 4-30-98 name as the PWMC module.
- Section 2 Module /O list changed to have only 1 input buffer
enable signal (pwm_ibe_t4) for the entire port. The reset signal
name was also changed to vsc_reset_t4 per the latest bus
definition document.
- Added further clarification on DISCRW test bit in Section 2. If set,
duty and period registers are not loaded with the buffer value.
- Updated per Rev. 3.1, 3.2 and 3.3 TSCS Module Spec Template.
- Removed Table 1-1 PWM Register Address Summary. Added the
Address Offset along side the registers in Figure 1-2 PWM Register
Map.

01.02 5-14-98 - Added WARNING regarding writing to the test registers in special
modes.
- Added footnote regarding the counter value in the Period=0
boundary case.
- Removed “weasel” words--may and should.
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Version
Number

Revision
Date

Effective
Date

Author

Description of Changes

01.03

5-27-98

Summary of changes:

- Added clarification on how the counter counts in left and center
aligned output modes.

- Added further clarification on the Period=0 boundary case. Added
that the counter=$00.

- Added further clarification on what occurs on writes to the
counter--output is changed according to the polarity bit.

- Added Caution regarding the first PWM cycle after the channel is
enabled can be irregular.

- Replaced bit ‘RDP’ with ‘'RDPPWM’ and bit ‘PUPP’ with
‘PUPPWME’ to match port control bit naming conventions.

- Added ‘iam8bit’ signal in Table 2-1.

- Added Table 2-2, Engineering Electrical Specs.

- Added statement in Section 2 regarding DISCRW bit in PWMTST
register. When bit is set, the output is not changed according to the
polarity bit.

- Added statement in Section 2 regarding DISCRM bit in PWMTST
register. When bit is set, the duty and period registers do not get
loaded with the buffer value.

- Corrected left and center aligned max PWM output frequencies in
Table A-2.

- Created Table A-3 for the PWM Period/Duty Resolution
Characteristics.

- Miscellaneous clean up.

01.04

7-1-98

* Changed reset state of PWMPERx and PWMDTYX registers to
FF.

* In section 2: changed some bus interface signal names:
vsc_wait_t2 changed to vsc_wait_t3

vsc_bdmact_t2 changed to vsc_bdmact_t4

vsc_smod_t2 changed to vsc_smod_t4

* In section 2:

Added a note that in concatenated, left aligned, DISCRW=1
writing 16 bit (high-byte-data, low-byte-data) to the counter causes
the high byte of the counter to start counting from (high-byte-data)
and the low byte of the counter to start counting from (low-byte-data
+1).
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Version
Number

Revision
Date

Effective
Date

Author

Description of Changes

01.05

1-6-99

Includes spec tagging in conditional text. There are 3 conditional
text tags:

Tested- Functional Test (Blue), STATEMENT- Statement (Green),
Test Outside Submodule (red).

Summary of changes:

* Section 1:

- Added the following sentence in section 1.6.2.4: When the
channel is disabled, writing “0” to

the period register will cause the counter to reset on the next
selected clock.

- Added a caution in section 1.7.15.1 about reading from port
register after changing pin to input.

- In section 1.9 hanged “Reset state: The prescale free running
counter begins to increment”

to: “All the channels are disabled and all the counters don’t count”.
* Section 2:

- Section 2.2.3 Design for Test:

Scan is not implemented on the PWM module. During scan mode
(vsc_scanmod = 1) the

module is not selected (vsc_pwmsel_t3 = 0) and the module’s
internal clocks stop.

- Table 2-1 PWM Module 1/O Signals:

Removed scane, changed pwm_purst_plug to pwm_puerst_plug,
changed vsc_wait_t3 to vsc_wait_t2, changed
pwm_outdata_t4[7:0] to pwm_do_t4[7:0], changed pad_indata[7:0]
to pwmp_ind[7:0], removed iam8bit, added vsc_en2drv, changed
vsc_bdmact_t4 to vsc_bdmact_t2, changed vsc_smod_t4 to
vsc_smod_t2.

- Added section 2.3.3 and table 2-2 Port Pin Connections.

- Section 2.4 table 2-3:

Changed Vdd Value to 3 to 3.6v (it was 2.7 to 3.6).

Changed System Clock Value to dc to 16MHz (it was 20).

- Section 2.4: added Figure 2-7: PWM Timing Diagram.

It's like A.6 in the appendix, but includes more details.

* Appendix A:

Table A-1: System Clock dc to 16MHz (it was 20). Table A-2:
E-clock 16MHz (it was 20).

A.6 added PWM Timing Diagram.

01.06

09-02-99

* In section 1, Added section 1.7.15 shutdown register(PWMSDN),
changed the sec # for the subsequent sections for the registers.

* Added emergency shutdown feature in the feature list (sec 1.3)

* Added the PWMSDN in the register map (sec 1.5)

* Removed $_24 from resvd. reg list in sec 1.7.17

* Modified sec 1.12, Interrupt Op., to support the intr. for emergency
shutdown, to

The PWM module has only one interrupt which is generated at the
time of emergency shutdown, if the corresponding enable bit
(PWMSDNJ6]) is set.

* Section 2.2.3: Design for Test:

The PWM module will be fully scannable as per the project DFT
guidelines

* removed GPIO note from section 1.2, 1.3, 1.6.2.1, 1.6.2.7, 1.7.1
* renamed PSBCK to PFRZ in PWMCTL, and removed RDPPWM
& PUPPWME bits

* changed the interface signals for IP bus.

* removed electrical spec details.
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Version | Revision | Effective o
Number Date Date Author Description of Changes
01.07 10-25-99 updatgd the specs after feedback from Munich (removed redundant
port signals: ibe, offval, obe[6:0])
01.08 11-25-99 ad@ed Global Clock glgnal to the 1/O list. the same is used for reg.
writes wherever possible.
01.09 12-08-99 Restart(from shutdown) functionality clarified
01.10 01-17-2000 Tagging Done for Barracuda
01.11 01-25-2000 Tagging for wait mode and freeze mode.
01.12 10-09-2000 format converted for SRS 2.0 compliance.
01.13 19-01-2001 updated section 6.1 and 3.3.1.15 for the shutdown feature changes.
01.14 05-04-2001 Made SRS 2.0 Compliant
0115 07-19-2001 Dogu_ment names have_been added, Names and Variable
definitions have been hidden
01.16 03-14-2002 Syntax corrections, document formal updates
Added clarification of PWMIF operation in STOP and WAIT mode.
01.17 08-01-2004 Added notes on minimum pulse width of emergency shutdown
signal.
Table O-1 Revision History
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Section 1 Introduction

1.1 Overview

The PWM_8B8C definition is based on the HC12 PWM definitions. This PWM_8B8C contains the basic
features from the HC11 with some of the enhancements incorporated on the HC12., that is center aligned
output mode and four available clock sources.The PWM_8B8C module has eight channels with
independent control of left and center aligned outputs on each channel.

Each of the eight channels has a programmable period and duty cycle as well as a dedicated counter. A
flexible clock select scheme allows a total of four different clock sources to be used with the counters.
Each of the modulators can create independent continuous waveforms with software-selectable duty rates
from 0% to 100%. The PWM outputs can be programmed as left aligned outputs or center aligned outputs.

1.2 Features

The block includes these distinctive features:
* Eight independent PWM channels with programmable period and duty cycle.
» Dedicated counter for each PWM channel.
* Programmable PWM enable/disable for each channel.
» Software selection of PWM duty pulse polarity for each channel.

» Period and duty cycle are double buffered. Change takes effect when the end of the effective period
is reached (PWM counter reaches zero) or when the channel is disabled.

* Programmable center or left aligned outputs on individual channels.

» Eight 8-bit channel or four 16-bit channel PWM resolution.

» Four clock sources (A, B, SA and SB) provide for a wide range of frequencies.
* Programmable Clock Select Logic.

* Emergency shutdown.

1.3 Modes of Operation

There is a software programmable option for low power consumption in Wait mode that disables the input
clock to the prescaler.

In freeze mode there is a software programmable option to disable the input clock to the prescaler. This is
useful for emulation.

1.4 Block Diagram

Figure 1-1 shows the block diagram for the 8-bit 8-channel PWM_8B8C block.
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Section 2 PWM8b8cSignal Description

2.1 Overview

The PWM_8B8C module has a total of 8 external pins.

2.2 Detailed Signal Descriptions

2.2.1 PWM7 — PWM8b8c Channel 7

This pin serves as waveform output of PWM channel 7 and as an input for the emergency shutdown
feature.

2.2.2 PWM6 — PWM8b8c Channel 6
This pin serves as waveform output of PWM channel 6.
2.2.3 PWM5 — PWM8b8c Channel 5
This pin serves as waveform output of PWM channel 5.
2.2.4 PWM4 — PWM8b8c Channel 4
This pin serves as waveform output of PWM channel 4.
2.2.5 PWM3 — PWM8b8c Channel 3
This pin serves as waveform output of PWM channel 3.
2.2.6 PWM2 — PWM8b8c Channel 2
This pin serves as waveform output of PWM channel 2.
2.2.7 PWM1 — PWM8b8c Channel 1
This pin serves as waveform output of PWM channel 1.
2.2.8 PWMO — PWM8b8c Channel 0

This pin serves as waveform output of PWM channel 0.
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Section 3 Memory Map and Register Definition

3.1 Overview

This section describes in detail all the registers and register bits in the PWM_8B8C module.

The special-purpose registers and register bit functions that would not normally made available to device
end users, such as factory test control registers and reserved registers are clearly identified by means of
shading the appropriate portions of address maps and register diagrams. Notes explaining the reasons for
restricting access to the registers and functions are also explained in the individual register descriptions.

3.2 Module Memory Map

This section describes the content of the registers in the PWM_8B8C module. The base address of the
PWM_8B8C module is determined at the MCU level when the MCU is defined. The register decode map
is fixed and begins at the first address of the module address offset. The figure below shows the registers
associated with the PWM and their relative offset from the base address. The register detail description
follows the order they appear in the register map.

Reserved bits within a register will always read as 0 and the write will be unimplemented. Unimplemented
functions are indicated by shading the bit.

Table 3-1 shows the memory map for the PWM_8B8C module
Table 3-1 PWM_8B8C Memory Map

Address Use Access
$ 00 PWM Enable Register (PWME) R/W
$ 01 PWM Polarity Register (PWMPOL) R/W
$_02 PWM Clock Select Register (PWMCLK) R/W
$_03 PWM Prescale Clock Select Register (PWMPRCLK) R/W
$ 04 PWM Center Align Enable Register (PWMCAE) R/W
$_05 PWM Control Register (PWMCTL) R/W
$ 06 PWM Test Register (PWMTST)?! RIW
$_07 PWM Prescale Counter Register (PWMPRSC)? R/W
$_08 PWM Scale A Register (PWMSCLA) R/W
$ 09 PWM Scale B Register (PWMSCLB) R/W
$_0A PWM Scale A Counter Register (PWMSCNTA)3 R/W
$ 0B PWM Scale B Counter Register (PWMSCNTB)* R/IW
$ 0C PWM Channel 0 Counter Register (PWMCNTO) R/W
$ 0D PWM Channel 1 Counter Register (PWMCNT1) R/W
$ OE PWM Channel 2 Counter Register (PWMCNT2) R/W
$ OF PWM Channel 3 Counter Register (PWMCNT3) R/W
$ 10 PWM Channel 4 Counter Register (PWMCNT4) R/W
$ 11 PWM Channel 5 Counter Register (PWMCNT5) R/W
$ 12 PWM Channel 6 Counter Register (PWMCNT6) R/W
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Table 3-1 PWM_8B8C Memory Map

$ 13 PWM Channel 7 Counter Register (PWMCNT7) R/W
$ 14 PWM Channel 0 Period Register (PWMPERO) R/W
$ 15 PWM Channel 1 Period Register (PWMPER1) R/W
$ 16 PWM Channel 2 Period Register (PWMPER2) R/W
$ 17 PWM Channel 3 Period Register (PWMPER3) R/W
$ 18 PWM Channel 4 Period Register (PWMPER4) R/W
$ 19 PWM Channel 5 Period Register (PWMPERS5) R/W
$ 1A PWM Channel 6 Period Register (PWMPERG) R/W
$ 1B PWM Channel 7 Period Register (PWMPER?7) R/W
$ 1C PWM Channel 0 Duty Register (PWMDTYO0) R/W
$ 1D PWM Channel 1 Duty Register (PWMDTY1) R/W
$_1E PWM Channel 2 Duty Register (PWMDTY2) R/W
$_1F PWM Channel 3 Duty Register (PWMDTY3) R/W
$ 20 PWM Channel 4 Duty Register (PWMDTY4) R/W
$ 21 PWM Channel 5 Duty Register (PWMDTY5) R/W
$ 22 PWM Channel 6 Duty Register (PWMDTY®6) R/W
$ 23 PWM Channel 7 Duty Register (PWMDTY7) R/W
$ 24 PWM Shutdown Register (PWMSDN) R/W
$ 25 Reserved R

$ 26 Reserved R

$ 27 Reserved R

NOTES:

1. PWMTST is intended for factory test purposes only.

2. PWMPRSC is intended for factory test purposes only.
3. PWMSCNTA is intended for factory test purposes only.
4. PWMSCNTB is intended for factory test purposes only.

NOTE: Register Address = Base Address + Address Offset, where the Base Address is
defined at the MCU level and the Address Offset is defined at the module level.

3.3 Register Descriptions
This section describes in detail all the registers and register bits in the PWM_8B8C module.

3.3.1 PWM Enable Register (PWME)

Each PWM channel has an enable bit (PWMEX) to start its waveform output. When any of the PWMEXx
bits are set (PWMEx=1), the associated PWM output is enabled immediately. However, the actual PWM
waveform is not available on the associated PWM output until its clock source begins its next cycle due
to the synchronization of PWMEXx and the clock source.

NOTE: The first PWM cycle after enabling the channel can be irregular.

An exception to this is when channels are concatenated. Once concatenated mode is enabled (CONXxx bits
setin PWMCTL register) then enabling/disabling the corresponding 16-bit PWM channel is controlled by
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the low order PWMEX bit.In this case, the high order bytes PWMEX bits have no effect and their
corresponding PWM output lines are disabled.

While in run mode, if all eight PWM channels are disabled (PWME7-0=0), the prescaler counter shuts off
for power savings.

$_00
7 6 5 4 3 2 1 0
\;Rv PWME7 PWMEG PWMES PWME4 PWME3 PWME2 PWME1 PWMEO
RESET: 0 0 0 0 0 0 0 0

[ ] =unimplemented or Reserved

Figure 3-1 PWM Enable Register (PWME)

Read: anytime
Write: anytime

PWME7 — Pulse Width Channel 7 Enable
1 = Pulse Width channel 7 is enabled. The pulse modulated signal becomes available at PWM
output bit7 when its clock source begins its next cycle.
0 = Pulse Width channel 7 is disabled.

PWMEG6 — Pulse Width Channel 6 Enable
1 = Pulse Width channel 6 is enabled. The pulse modulated signal becomes available at PWM
output bité when its clock source begins its next cycle. If CON67=1, then bit has no effect and
PWM output line6 is disabled.
0 = Pulse Width channel 6 is disabled.

PWMES — Pulse Width Channel 5 Enable
1 = Pulse Width channel 5 is enabled. The pulse modulated signal becomes available at PWM
output bit 5 when its clock source begins its next cycle.
0 = Pulse Width channel 5 is disabled.

PWME4 — Pulse Width Channel 4 Enable
1 = Pulse Width channel 4 is enabled. The pulse modulated signal becomes available at PWM,
output bit 4 when its clock source begins its next cycle. If CON45=1, then bit has no effect and
PWM output bit4 is disabled.
0 = Pulse Width channel 4 is disabled.

PWME3 — Pulse Width Channel 3 Enable
1 = Pulse Width channel 3 is enabled. The pulse modulated signal becomes available at PWM,
output bit 3 when its clock source begins its next cycle.
0 = Pulse Width channel 3 is disabled.

PWME2 — Pulse Width Channel 2 Enable
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1 = Pulse Width channel 2 is enabled. The pulse modulated signal becomes available at PWM,
output bit 2 when its clock source begins its next cycle. If CON23=1, then bit has no effect and
PWM output bit2 is disabled.

0 = Pulse Width channel 2 is disabled.

PWME1 — Pulse Width Channel 1 Enable
1 = Pulse Width channel 1 is enabled. The pulse modulated signal becomes available at PWM,
output bit 1 when its clock source begins its next cycle.
0 = Pulse Width channel 1 is disabled.

PWMEO — Pulse Width Channel 0 Enable
1 = Pulse Width channel 0 is enabled. The pulse modulated signal becomes available at PWM,
output bit 0 when its clock source begins its next cycle. If CONO1=1, then bit has no effect and
PWM output line0 is disabled.
0 = Pulse Width channel 0 is disabled.

3.3.2 PWM Polarity Register (PWMPOL)

The starting polarity of each PWM channel waveform is determined by the associated PPOLX bit in the
PWMPOL register. If the polarity bit is one, the PWM channel output is high at the beginning of the cycle
and then goes low when the duty count is reached. Conversely, if the polarity bit is zero, the output starts
low and then goes high when the duty count is reached.

$ 01
7 6 5 4 3 2 1 0
VIT/ PPOL7 PPOL6 PPOL5 PPOL4 PPOL3 PPOL2 PPOL1 PPOLO
RESET: 0 0 0 0 0 0 0 0

[ ] =uUnimplemented or Reserved

Figure 3-2 PWM Polarity Register (PWMPOL)

Read: anytime

Write: anytime

NOTE: PPOLXxregister bits can be written anytime. If the polarity is changed while a PWM
signal is being generated, a truncated or stretched pulse can occur during the
transition

PPOL7 — Pulse Width Channel 7 Polarity
1 =PWM channel 7 output is high at the beginning of the period, then goes low when the duty count
is reached.
0 =PWM channel 7 output is low at the beginning of the period, then goes high when the duty count
is reached.
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PPOL6 — Pulse Width Channel 6 Polarity
1 =PWM channel 6 output is high at the beginning of the period, then goes low when the duty count
is reached.
0 =PWM channel 6 output is low at the beginning of the period, then goes high when the duty count
is reached.

PPOL5 — Pulse Width Channel 5 Polarity
1 =PWM channel 5 output is high at the beginning of the period, then goes low when the duty count
is reached.
0 =PWM channel 5 output is low at the beginning of the period, then goes high when the duty count
is reached.

PPOL4 — Pulse Width Channel 4 Polarity
1 =PWM channel 4 output is high at the beginning of the period, then goes low when the duty count
is reached.
0 =PWM channel 4 output is low at the beginning of the period, then goes high when the duty count
is reached.

PPOL3 — Pulse Width Channel 3 Polarity
1 =PWM channel 3 output is high at the beginning of the period, then goes low when the duty count
is reached.
0 =PWM channel 3 output is low at the beginning of the period, then goes high when the duty count
is reached.

PPOL2 — Pulse Width Channel 2 Polarity
1 =PWM channel 2 output is high at the beginning of the period, then goes low when the duty count
is reached.
0 =PWM channel 2 output is low at the beginning of the period, then goes high when the duty count
is reached.

PPOL1 — Pulse Width Channel 1 Polarity
1 =PWM channel 1 output is high at the beginning of the period, then goes low when the duty count
is reached.
0 =PWM channel 1 output is low at the beginning of the period, then goes high when the duty count
is reached.

PPOLO — Pulse Width Channel 0 Polarity
1 =PWM channel 0 output is high at the beginning of the period, then goes low when the duty count
is reached.
0 =PWM channel 0 output is low at the beginning of the period, then goes high when the duty count
is reached

3.3.3 PWM Clock Select Register (PWMCLK)

Each PWM channel has a choice of two clocks to use as the clock source for that channel as described
below.
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$_02
7 6 5 4 3 2 1 0
\;Rv PCLK7 PCLKL6 PCLK5 PCLK4 PCLK3 PCLK2 PCLK1 PCLKO
RESET: 0 0 0 0 0 0 0 0

[ ] =unimplemented or Reserved

Figure 3-3 PWM Clock Select Register (PWMCLK)

Read: anytime

Write: anytime

NOTE: Register bits PCLKO to PCLK7 can be written anytime. If a clock select is changed
while a PWM signal is being generated, a truncated or stretched pulse can occur

during the transition.

PCLK7 — Pulse Width Channel 7 Clock Select

1 = Clock SB is the clock source for PWM channel 7.

0 = Clock B is the clock source for PWM channel 7.

PCLK6 — Pulse Width Channel 6 Clock Select

1 = Clock SB is the clock source for PWM channel 6.

0 = Clock B is the clock source for PWM channel 6.
PCLK5 — Pulse Width Channel 5 Clock Select

1 = Clock SA is the clock source for PWM channel 5.

0 = Clock A is the clock source for PWM channel 5.

PCLK4 — Pulse Width Channel 4 Clock Select

1 = Clock SA is the clock source for PWM channel 4.

0 = Clock A is the clock source for PWM channel 4.

PCLK3 — Pulse Width Channel 3 Clock Select

1 = Clock SB is the clock source for PWM channel 3.

0 = Clock B is the clock source for PWM channel 3.
PCLK2 — Pulse Width Channel 2 Clock Select

1 = Clock SB is the clock source for PWM channel 2.

0 = Clock B is the clock source for PWM channel 2.

PCLK1 — Pulse Width Channel 1 Clock Select

1 = Clock SA is the clock source for PWM channel 1.

0 = Clock A is the clock source for PWM channel 1.

PCLKO — Pulse Width Channel O Clock Select

1 = Clock SA is the clock source for PWM channel 0.

22
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0 = Clock A is the clock source for PWM channel 0.
3.3.4 PWM Prescale Clock Select Register (PWMPRCLK)

This register selects the prescale clock source for clocks A and B independently.

$ 03
7 6 5 4 3 2 1 0
R 0 0
W PCKB2 PCKB1 PCKBO PCKA2 PCKA1l PCKAO
RESET: 0 0 0 0 0 0 0 0

: = Unimplemented or Reserved
Figure 3-4 PWM Prescale Clock Select Register (PWMPRCLK)

Read: anytime

Write: anytime

NOTE: PCKB2-0and PCKA2-0 register bits can be written anytime. If the clock pre-scale
is changed while a PWM signal is being generated, a truncated or stretched pulse
can occur during the transition.

PCKB2 - PCKBO — Prescaler Select for Clock B

Clock B is one of two clock sources which can be used for channels 2, 3, 6 or 7. These three bits determine
the rate of clock B, as shown in the following table.

Table 3-2 Clock B Prescaler Selects

PCKB2 | PCKB1 | PCKBO \é?c')%i %f
0 0 0 bus clock
0 0 1 bus clock / 2
0 1 0 bus clock / 4
0 1 1 bus clock / 8
1 0 0 bus clock / 16
1 0 1 bus clock / 32
1 1 0 bus clock / 64
1 1 1 bus clock / 128

PCKA2 - PCKAO — Prescaler Select for Clock A
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Clock A is one of two clock sources which can be used for channels 0, 1, 4 or 5. These three bits
determine the rate of clock A, as shown in the following table.

Table 3-3 Clock A Prescaler Selects

PCKA2 | PCKAL | PCKAQ | /alueof
0 0 0 bus clock
0 0 1 bus clock / 2
0 1 0 bus clock / 4
0 1 1 bus clock / 8
1 0 0 bus clock / 16
1 0 1 bus clock / 32
1 1 0 bus clock / 64
1 1 1 bus clock / 128

3.3.5 PWM Center Align Enable Register (PWMCAE)

The PWMCAE register contains eight control bits for the selection of center aligned outputs or left aligned
outputs for each PWM channel. If the CAEX bit is set to a one, the corresponding PWM output will be
center aligned. If the CAEX bit is cleared, the corresponding PWM output will be left aligned. Reference
4.2.5 Left Aligned Outputsand4.2.6 Center Aligned Outputsfor a more detailed description of the

PWM output modes.

$ 04
7 6 5 4 3 2 1 0
\I;Zv CAE7 CAEG CAE5 CAE4 CAE3 CAE2 CAE1 CAEO
RESET: 0 0 0 0 0 0 0 0

[ ] =uUnimplemented or Reserved

Figure 3-5 PWM Center Align Enable Register (PWMCAE)

Read: anytime
Write: anytime
NOTE: Write these bits only when the corresponding channel is disabled.

CAE7 — Center Aligned Output Mode on channel 7
1 = Channel 7 operates in Center Aligned Output Mode.
0 = Channel 7 operates in Left Aligned Output Mode.

CAEG6 — Center Aligned Output Mode on channel 6

24 @ MOTOROLA



PWM_8B8C Block User Guide V01.17

1 = Channel 6 operates in Center Aligned Output Mode.
0 = Channel 6 operates in Left Aligned Output Mode.

CAE5 — Center Aligned Output Mode on channel 5
1 = Channel 5 operates in Center Aligned Output Mode.
0 = Channel 5 operates in Left Aligned Output Mode.

CAE4 — Center Aligned Output Mode on channel 4
1 = Channel 4 operates in Center Aligned Output Mode.
0 = Channel 4 operates in Left Aligned Output Mode.

CAE3 — Center Aligned Output Mode on channel 3
1 = Channel 3 operates in Center Aligned Output Mode.
0 = Channel 3 operates in Left Aligned Output Mode.

CAE2 — Center Aligned Output Mode on channel 2
1 = Channel 2 operates in Center Aligned Output Mode.
0 = Channel 2 operates in Left Aligned Output Mode.

CAE1 — Center Aligned Output Mode on channel 1
1 = Channel 1 operates in Center Aligned Output Mode.
0 = Channel 1 operates in Left Aligned Output Mode.

CAEQO — Center Aligned Output Mode on channel O
1 = Channel 0 operates in Center Aligned Output Mode.
0 = Channel 0 operates in Left Aligned Output Mode.

3.3.6 PWM Control Register (PWMCTL)

The PWMCTL register provides for various control of the PWM module.

$_05
7 6 5 4 3 2 1 0
R 0 0
W CONG67 CON45 CONZ23 CONoO1 PSWAI PFRZ
RESET: 0 0 0 0 0 0 0 0

[ ] =uUnimplemented or Reserved

Figure 3-6 PWM Control Register (PWMCTL)

Read: anytime
Write: anytime

There are three control bits for concatenation, each of which is used to concatenate a pair of PWM
channels into one 16-bit channel. When channels 6 and 7are concatenated, channel 6 registers become the
high order bytes of the double byte channel. When channels 4 and 5 are concatenated, channel 4 registers
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become the high order bytes of the double byte channel. When channels 2 and 3 are concatenated, channel
2 registers become the high order bytes of the double byte channel. When channels 0 and 1 are
concatenated, channel O registers become the high order bytes of the double byte channel.

Referencetl.2.7 PWM 16-Bit Functionsfor a more detailed description of the concatenation PWM
Function.

NOTE: Change these bits only when both corresponding channels are disabled.

CONG67 — Concatenate channels 6 and 7

1 = Channels 6 and 7 are concatenated to create one 16-bit PWM channel. Channel 6 becomes the
high order byte and channel 7 becomes the low order byte. Channel 7 output pin is used as the
output for this 16-bit PWM (bit 7 of port PWMP). Channel 7 clock select control-bit
determines the clock source, channel 7 polarity bit determines the polarity, channel 7 enable

bit enables the output and channel 7 center aligned enable bit determines the output mode.
0 = Channels 6 and 7 are separate 8-bit PWMs.

CON45 — Concatenate channels 4 and 5
1 = Channels 4 and 5 are concatenated to create one 16-bit PWM channel. Channel 4 becomes the
high order byte and channel 5 becomes the low order byte. Channel 5 output pin is used as the
output for this 16-bit PWM (bit 5 of port PWMP). Channel 5 clock select control-bit
determines the clock source, channel 5 polarity bit determines the polarity, channel 5 enable

bit enables the output and channel 5 center aligned enable bit determines the output mode.
0 = Channels 4 and 5 are separate 8-bit PWMs.

CONZ23 — Concatenate channels 2 and 3
1 = Channels 2 and 3 are concatenated to create one 16-bit PWM channel. Channel 2 becomes the
high order byte and channel 3 becomes the low order byte. Channel 3 output pin is used as the
output for this 16-bit PWM (bit 3 of port PWMP). Channel 3 clock select control-bit
determines the clock source, channel 3 polarity bit determines the polarity, channel 3 enable

bit enables the output and channel 3 center aligned enable bit determines the output mode.
0 = Channels 2 and 3 are separate 8-bit PWMs.

CONO1 — Concatenate channels 0 and 1

1 = Channels 0 and 1 are concatenated to create one 16-bit PWM channel. Channel 0 becomes the
high order byte and channel 1 becomes the low order byte. Channel 1 output pin is used as the
output for this 16-bit PWM (bit 1 of port PWMP). Channel 1 clock select control-bit
determines the clock source, channel 1 polarity bit determines the polarity, channel 1 enable

bit enables the output and channel 1 center aligned enable bit determines the output mode.
0 = Channels 0 and 1 are separate 8-bit PWMs.

PSWAI — PWM Stops in Wait Mode

Enabling this bit allows for lower power consumption in Wait Mode by disabling the input clock to
the prescaler.

1 = Stop the input clock to the prescaler whenever the MCU is in Wait Mode.
0 = Allow the clock to the prescaler to continue while in wait mode.

PFRZ — PWM Counters Stop in Freeze Mode
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In Freeze Mode, there is an option to disable the input clock to the prescaler by setting the PFRZ bit
in the PWMCTL register. If this bit is set, whenever the MCU is in freeze mode the input clock to the
prescaler is disabled. This feature is useful during emulation as it allows the PWM function to be
suspended. In this way, the counters of the PWM can be stopped while in freeze mode so that once
normal program flow is continued, the counters are re-enabled to simulate real-time operations. Since
the registers can still be accessed in this mode, to re-enable the prescaler clock, either disable the PFRZ
bit or exit freeze mode.

1 = Disable PWM input clock to the prescaler whenever the part is in freeze mode. This is useful

for emulation.
0 = Allow PWM to continue while in freeze mode.

3.3.7 Reserved Register (PWMTST)

This register is reserved for factory testing of the PWM module and is not available in normal modes.

$_06
7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0
W
RESET: 0 0 0 0 0 0 0 0

[ ] =unimplemented or Reserved

Figure 3-7 Reserved Register (PWMTST)

Read: always read $00 in normal modes

Write: unimplemented in normal modes

NOTE: Writing to this register when in special modes can alter the PWM functionality.
3.3.8 Reserved Register (PWMPRSC)

This register is reserved for factory testing of the PWM module and is not available in normal modes.

$_07
7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0

w
RESET: 0 0 0 0 0 0 0 0

[ ] =unimplemented or Reserved

Figure 3-8 Reserved Register (PWMPRSC)

Read: always read $00 in normal modes
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Write: unimplemented in normal modes

NOTE: Writing to this register when in special modes can alter the PWM functionality.
3.3.9 PWM Scale A Register (PWMSCLA)

PWMSCLA is the programmable scale value used in scaling clock A to generate clock SA. Clock SA is
generated by taking clock A, dividing it by the value in the PWMSCLA register and dividing that by two.

Clock SA = Clock A / (2 * PWMSCLA)

NOTE: When PWMSCLA = $00, PWMSCLA value is considered a full scale value of 256.
Clock A is thus divided by 512.

Any value written to this register will cause the scale counter to load the new scale value (PWMSCLA).

$_08
7 6 5 4 3 2 1 0
\I/:\:/ Bit 7 6 5 4 3 2 1 Bit 0
RESET: 0 0 0 0 0 0 0 0

: = Unimplemented or Reserved

Figure 3-9 PWM Scale A Register (PWMSCLA)

Read: anytime

Write: anytime (causes the scale counter to load the PWMSCLA value)
3.3.10 PWM Scale B Register (PWMSCLB)

PWMSCLB is the programmable scale value used in scaling clock B to generate clock SB. Clock SB is
generated by taking clock B, dividing it by the value in the PWMSCLB register and dividing that by two.

Clock SB = Clock B / (2 * PWMSCLB)

NOTE: When PWMSCLB = $00, PWMSCLB value is considered a full scale value of 256.
Clock B is thus divided by 512

Any value written to this register will cause the scale counter to load the new scale value (PWMSCLB).
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$_09
7 6 5 4 3 2 1 0
R . .
W Bit 7 6 5 4 3 2 1 Bit 0
RESET: 0 0 0 0 0 0 0 0

[ ] =unimplemented or Reserved

Figure 3-10 PWM Scale B Register (PWMSCLB)

Read: anytime

Write: anytime (causes the scale counter to load the PWMSCLB value).
3.3.11 Reserved Registers (PWMSCNTX)

The registers PWMSCNTA and PWMSCNTB are reserved for factory testing of the PWM module and
are not available in normal modes.

$_0A, $_0B
7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0
W
RESET: 0 0 0 0 0 0 0 0

[ ] =Unimplemented or Reserved

Figure 3-11 Reserved Registers (PWMSCNTX)

Read: always read $00 in normal modes

Write: unimplemented in normal modes

NOTE: Writing to these registers when in special modes can alter the PWM functionality.
3.3.12 PWM Channel Counter Registers (PWMCNTX)

Each channel has a dedicated 8-bit up/down counter which runs at the rate of the selected clock source.
The counter can be read at any time without affecting the count or the operation of the PWM channel. In
left aligned output mode, the counter counts from O to the value in the period register - 1. In center aligned
output mode, the counter counts from O up to the value in the period register and then back down to O.

Any value written to the counter causes the counter to reset to $00, the counter direction to be set to up,
the immediate load of both duty and period registers with values from the buffers, and the output to change
according to the polarity bit. The counter is also cleared at the end of the effective period (see Sections
4.2.5 Left Aligned Outputsand4.2.6 Center Aligned Outputsfor more details). When the channel is
disabled (PWMEx=0), the PWMCNTX register does not count. When a channel becomes enabled
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(PWMEXx=1), the associated PWM counter starts at the count in the PWMCNTX register. For more
detailed information on the operation of the counters, refee2c& PWM Timer Counters

In concatenated mode, writes to the 16-bit counter by using a 16-bit access or writes to either the low or
high order byte of the counter will reset the 16-bit counter. Reads of the 16-bit counter must be made by
16-bit access to maintain data coherency.

NOTE:Writing to the counter while the channel is enabled can cause an irregular PWM cycle to
occur.

$_0C = PWMCNTO
$ 0D = PWMCNT1
$_OE = PWMCNT2
$ _OF = PWMCNT3
$_10 = PWMCNT4
$ 11 = PWMCNT5
$ 12 = PWMCNT6
$_13 = PWMCNT7

7 6 5 4 3 2 1 0

R Bit 7 6 5 4 3 2 1 Bit 0
w 0 0 0 0 0 0 0 0
RESET: 0 0 0 0 0 0 0 0

[ ] =unimplemented or Reserved

Figure 3-12 PWM Channel Counter Registers (PWMCNTX)

Read: anytime

Write: anytime (any value written causes PWM counter to be reset to $00).

3.3.13 PWM Channel Period Registers (PWMPERX)

There is a dedicated period register for each channel. The value in this register determines the period of
the associated PWM channel.

The period registers for each channel are double buffered so that if they change while the channel is
enabled, the change will NOT take effect until one of the following occurs:

* The effective period ends
» The counter is written (counter resets to $00)
* The channel is disabled

In this way, the output of the PWM will always be either the old waveform or the new waveform, not some
variation in between. If the channel is not enabled, then writes to the period register will go directly to the
latches as well as the buffer.
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NOTE: Reads of this register return the most recent value written. Reads do not necessarily
return the value of the currently active period due to the double buffering scheme.

Referencet.2.3 PWM Period and Dutyfor more information.

To calculate the output period, take the selected clock source period for the channel of interest (A, B, SA,
or SB) and multiply it by the value in the period register for that channel:

» Left Aligned Output (CAEx=0)
PWMxPeriod=ChannelClock Period* PWMPERxCenter Aligned Output (CAEx=1)
PWMx Period = Channel Clock Period * (2 * PWMPERX)
For Boundary Case programming values, please refer to S@i@&PWM Boundary Cases

$_14 = PWMPERO
$ 15 =PWMPER1
$_16 = PWMPER2
$ 17 = PWMPERS3
$_18 = PWMPER4
$ 19 = PWMPERS5
$_1A = PWMPERG6
$_1B = PWMPERY

7 6 5 4 3 2 1 0
R . .

W Bit 7 6 5 4 3 2 1 Bit O
RESET: 1 1 1 1 1 1 1 1

[ ] =Unimplemented or Reserved

Figure 3-13 PWM Channel Period Registers (PWMPERX)

Read: anytime

Write: anytime
3.3.14 PWM Channel Duty Registers (PWMDTYX)

There is a dedicated duty register for each channel. The value in this register determines the duty of the
associated PWM channel. The duty value is compared to the counter and if it is equal to the counter value
a match occurs and the output changes state.

The duty registers for each channel are double buffered so that if they change while the channel is enabled,
the change will NOT take effect until one of the following occurs:

» The effective period ends
e The counter is written (counter resets to $00)
* The channel is disabled
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In this way, the output of the PWM will always be either the old duty waveform or the new duty waveform,
not some variation in between. If the channel is not enabled, then writes to the duty register will go directly
to the latches as well as the buffer.

NOTE: Reads of this register return the most recent value written. Reads do not necessarily
return the value of the currently active duty due to the double buffering scheme.

Referencet.2.3 PWM Period and Dutyfor more information.

NOTE: Depending on the polarity bit, the duty registers will contain the count of either the
high time or the low time. If the polarity bit is one, the output starts high and then
goes low when the duty count is reached, so the duty registers contain a count of
the high time. If the polarity bit is zero, the output starts low and then goes high
when the duty countis reached, so the duty registers contain a count of the low time.

To calculate the output duty cycle (high time as a% of period) for a particular channel:
* Polarity = 0 (PPOLx=0)
Duty Cycle = [[PWMPERX-PWMDTYx)/PWMPERX] * 100%
* Polarity =1 (PPOLx=1)
Duty Cycle = [PWMDTYx / PWMPERX] * 100%
* For Boundary Case programming values, please refer to Sé@&PWM Boundary Cases

$ 1C = PWMDTYO
$ 1D = PWMDTY1
$_1E = PWMDTY2
$_1F = PWMDTY3
$ 20 = PWMDTY4
$ 21 =PWMDTY5
$ 22 =PWMDTY6
$ 23 =PWMDTY7

7 6 5 4 3 2 1 0
R . .

W Bit 7 6 5 4 3 2 1 Bit O
RESET: 1 1 1 1 1 1 1 1

[ ] =uUnimplemented or Reserved

Figure 3-14 PWM Channel Duty Registers (PWMDTYX)

Read: anytime

Write: anytime
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3.3.15 PWM Shutdown Register (PWMSDN)

The PWMSDN register provides for the shutdown functionality of the PWM module in the emergency
cases. For proper operation channel 7 must be driven to the active level for a minimum of two bus clocks.

$ 24
7 6 5 4 2 1 0
R 0 PWM7IN
PWMIF | PWMIE | PWMR- | PWMLVL pwm7inL | P WM7EN
w A
STRT
RESET: 0 0 0 5 5 5 .
|:| = Unimplemented or Reserved

Figure 3-15 PWM Shutdown Register (PWMSDN)

Read: anytime
Write: anytime

PWM7ENA — PWM emergency shutdown Enable

If this bit is logic 1 the pin associated with channel 7 is forced to input and the emergency shutdown
feature is enabled.All the other bits in this register are meaningful only if PWM7ENA = 1.

1 = PWM emergency feature is enabled.

0 = PWM emergency feature disabled.

PWM7INL — PWM shutdown active input level for channel 7.

If the emergency shutdown feature is enabled (PWM7ENA = 1), this bit determines the active level of
the PWM7channel.

1 = Active level is high

0 = Active level is low

PWM7IN — PWM channel 7 input status.
This reflects the current status of the PWM?7 pin.

PWMLVL — PWM shutdown output Level.

If active level as defined by the PWM7IN input, gets asserted all enabled PWM channels are
immediately driven to the level defined by PWMLVL.

1 = PWM outputs are forced to 1.

0 = PWM outputs are forced to 0

PWMRSTRT — PWM Restart.

The PWM can only be restarted if the PWM channel input 7 is de-asserted. After writing a logic 1 to
the PWMRSTRT bit (trigger event) the PWM channels start running after the corresponding counter
passes next “counter == 0” phase.
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Also if the PWM7ENA bit is reset to 0, the PWM do not start before the counter passes $00.
The bit is always read as “0".

PWMIE — PWM Interrupt Enable

If interrupt is enabled an interrupt to the CPU is asserted.
1 = PWM interrupt is enabled.
0 = PWM interrupt is disabled.

PWMIF — PWM Interrupt Flag

Any change from passive to asserted (active) state or from active to passive state will be flagged by
setting the PWMIF flag = 1. The flag is cleared by writing a logic 1 to it. Writing a 0 has no effect.

1 = change on PWMTYIN input

0 = No change on PWM7IN input.
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Section 4 Functional Description

4.1 PWM Clock Select

There are four available clocks called clock A, clock B, clock SA (Scaled A), and clock SB (Scaled B).
These four clocks are based on the bus clock.

Clock A and B can be software selected to be 1, 1/2, 1/4, 1/8,..., 1/64, 1/128 times the bus clock. Clock SA
uses clock A as an input and divides it further with a reloadable counter. Similarly, Clock SB uses clock
B as an input and divides it further with a reloadable counter. The rates available for clock SA are software
selectable to be clock A divided by 2, 4, 6, 8,..., or 512 in increments of divide by 2. Similar rates are
available for clock SB. Each PWM channel has the capability of selecting one of two clocks, either the
pre-scaled clock (clock A or B) or the scaled clock (clock SA or SB).

The block diagram irigure 4-1shows the four different clocks and how the scaled clocks are created.
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Bus Clock
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Figure 4-1 PWM Clock Select Block Diagram
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4.1.1 Prescale

The input clock to the PWM prescaler is the bus clock. It can be disabled whenever the part is in freeze
mode by setting the PFRZ bit in the PWMCTL register. If this bit is set, whenever the MCU is in freeze
mode (Freeze Mode Signal active) the input clock to the prescaler is disabled. This is useful for emulation
in order to freeze the PWM. The input clock can also be disabled when all eight PWM channels are
disabled (PWME7-0=0). This is useful for reducing power by disabling the prescale counter.

Clock A and clock B are scaled values of the input clock. The value is software selectable for both clock
A and clock B and has options of 1, 1/2, 1/4, 1/8, 1/16, 1/32, 1/64, or 1/128 times the bus clock. The value
selected for clock A is determined by the PCKA2, PCKA1, PCKAQO bits in the PWMPRCLK register. The
value selected for clock B is determined by the PCKB2, PCKB1, PCKBO bits also in the PWMPRCLK
register.

4.1.2 Clock Scale

The scaled A clock uses clock A as an input and divides it further with a user programmable value and
then divides this by 2. The scaled B clock uses clock B as an input and divides it further with a user
programmable value and then divides this by 2. The rates available for clock SA are software selectable
to be clock A divided by 2, 4, 6, 8,..., or 512 in increments of divide by 2. Similar rates are available for
clock SB.

Clock A is used as an input to an 8-bit down counter. This down counter loads a user programmable scale
value from the scale register (PWMSCLA). When the down counter reaches one, two things happen; a
pulse is output and the 8-bit counter is re-loaded. The output signal from this circuit is further divided by
two. This gives a greater range with only a slight reduction in granularity. Clock SA equals Clock A
divided by two times the value in the PWMSCLA register.

NOTE: Clock SA = Clock A/ (2 * PWMSCLA)

When PWMSCLA = $00, PWMSCLA value is considered a full scale value of 256.
Clock A is thus divided by 512.

Similarly, Clock B is used as an input to an 8-bit down counter followed by a divide by two producing
clock SB. Thus, clock SB equals Clock B divided by two times the value in the PWMSCLB register.

NOTE: Clock SB = Clock B / (2 * PWMSCLB)

When PWMSCLB = $00, PWMSCLB value is considered a full scale value of 256.
Clock B is thus divided by 512.

As an example, consider the case in which the user writes $FF into the PWMSCLA register. Clock A for
this case will be E divided by 4. A pulse will occur at a rate of once every 255x4 E cycles. Passing this
through the divide by two circuit produces a clock signal at an E divided by 2040 rate. Similarly, a value
of $01 in the PWMSCLA register when clock A is E divided by 4 will produce a clock at an E divided by
8 rate.
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Writing to PWMSCLA or PWMSCLB causes the associated 8-bit down counter to be re-loaded.
Otherwise, when changing rates the counter would have to count down to $01 before counting at the proper
rate. Forcing the associated counter to re-load the scale register value every time PWMSCLA or
PWMSCLB is written prevents this.

NOTE: Writing to the scale registers while channels are operating can cause irregularities
in the PWM outputs.

4.1.3 Clock Select

Each PWM channel has the capability of selecting one of two clocks. For channels 0, 1, 4, and 5 the clock
choices are clock A or clock SA. For channels 2, 3, 6, and 7 the choices are clock B or clock SB. The clock
selection is done with the PCLKx control bits in the PWMCLK register.

NOTE: Changing clock control bits while channels are operating can cause irregularities
in the PWM outputs.

4.2 PWM Channel Timers

The main part of the PWM module are the actual timers. Each of the timer channels has a counter, a period
register and a duty register (each are 8-bit). The waveform output period is controlled by a match between

the period register and the value in the counter. The duty is controlled by a match between the duty register
and the counter value and causes the state of the output to change during the period. The starting polarity
of the output is also selectable on a per channel basis. Shown befoguire 4-2is the block diagram for

the PWM timer.
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Clock Source
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Figure 4-2 PWM Timer Channel Block Diagram

4.2.1 PWM Enable

Each PWM channel has an enable bit (PWMEX) to start its waveform output. When any of the PWMEXx
bits are set (PWMEx=1), the associated PWM output signal is enabled immediately. However, the actual
PWM waveform is not available on the associated PWM output until its clock source begins its next cycle

due to the synchronization of PWMEXx and the clock source. An exception to this is when channels are

concatenated. Refer 8ection 4.2.7 PWM 16-Bit Functiongor more detail.

NOTE: The first PWM cycle after enabling the channel can be irregular.

On the front end of the PWM timer, the clock is enabled to the PWM circuit by the PWMEX bit being high.
There is an edge-synchronizing circuit to guarantee that the clock will only be enabled or disabled at an
edge. When the channel is disabled (PWMEXx=0), the counter for the channel does not count.

4.2.2 PWM Polarity

Each channel has a polarity bit to allow starting a waveform cycle with a high or low signal. This is shown
on the block diagram as a Mux select of either the Q output o@tbetput of the PWM output flip flop.
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When one of the bits in the PWMPOL register is set, the associated PWM channel output is high at the
beginning of the waveform, then goes low when the duty count is reached. Conversely, if the polarity bit
is zero, the output starts low and then goes high when the duty count is reached.

4.2.3 PWM Period and Duty

Dedicated period and duty registers exist for each channel and are double buffered so that if they change
while the channel is enabled, the change will NOT take effect until one of the following occurs:

* The effective period ends
e The counter is written (counter resets to $00)
* The channel is disabled

In this way, the output of the PWM will always be either the old waveform or the new waveform, not some
variation in between. If the channel is not enabled, then writes to the period and duty registers will go
directly to the latches as well as the buffer.

A change in duty or period can be forced into effect “immediately” by writing the new value to the duty
and/or period registers and then writing to the counter. This forces the counter to reset and the new duty
and/or period values to be latched. In addition, since the counter is readable it is possible to know where
the count is with respect to the duty value and software can be used to make adjustments

NOTE: When forcing a new period or duty into effectimmediately, an irregular PWM cycle
can occur.

NOTE: Depending on the polarity bit, the duty registers will contain the count of either the
high time or the low time.

4.2.4 PWM Timer Counters

Each channel has a dedicated 8-bit up/down counter which runs at the rate of the selected clock source
(referenceSection 4.1 PWM Clock Selector the available clock sources and rates). The counter
compares to two registers, a duty register and a period register as stogurév-2 PWM Timer

Channel Block Diagram. When the PWM counter matches the duty register the output flip-flop changes
state causing the PWM waveform to also change state. A match between the PWM counter and the period
register behaves differently depending on what output mode is selected as shmunar-2 PWM

Timer Channel Block Diagram and described iGection 4.2.5 Left Aligned OutputsandSection 4.2.6

Center Aligned Outputs.

Each channel counter can be read at anytime without affecting the count or the operation of the PWM
channel.

Any value written to the counter causes the counter to reset to $00, the counter direction to be set to up,
the immediate load of both duty and period registers with values from the buffers, and the output to change
according to the polarity bit. When the channel is disabled (PWMEx=0), the counter stops. When a
channel becomes enabled (PWMEx=1), the associated PWM counter continues from the count in the
PWMCNTX register. This allows the waveform to continue where it left off when the channel is
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re-enabled. When the channel is disabled, writing “0” to the period register will cause the counter to reset
on the next selected clock.

NOTE: Ifthe userwantsto start a new “clean” PWM waveform without any “history” from
the old waveform, the user must write to channel counter (PWMCNTX) prior to

enabling the PWM channel (PWMEx=1).

Generally, writes to the counter are done prior to enabling a channel in order to start from a known state.
However, writing a counter can also be done while the PWM channel is enabled (counting). The effect is
similar to writing the counter when the channel is disabled except that the new period is started
immediately with the output set according to the polarity bit.

NOTE: Writing to the counter while the channel is enabled can cause an irregular PWM
cycle to occur.

The counter is cleared at the end of the effective periodS@eten 4.2.5 Left Aligned Outputsand
Section 4.2.6 Center Aligned Output$or more details).

Table 4-1 PWM Timer Counter Conditions

Counter Clears ($00) Counter Counts Counter Stops

When PWMCNTX register written to
any value

When PWM channel is enabled
(PWMEx=1). Counts from last value in
PWMCNTX.

When PWM channel is disabled
(PWMEXx=0)

Effective period ends

4.2.5 Left Aligned Outputs

The PWM timer provides the choice of two types of outputs, Left Aligned or Center Aligned outputs. They
are selected with the CAEX bits in the PWMCAE register. If the CAEX bit is cleared (CAEx=0), the
corresponding PWM output will be left aligned.

In left aligned output mode, the 8-bit counter is configured as an up counter only. It compares to two
registers, a duty register and a period register as shown in the block diagFaguie 4-2 PWM Timer

Channel Block Diagram. When the PWM counter matches the duty register the output flip-flop changes
state causing the PWM waveform to also change state. A match between the PWM counter and the period
register resets the counter and the output flip-flop as showigume 4-2 PWM Timer Channel Block
Diagram as well as performing a load from the double buffer period and duty register to the associated
registers as described$ection 4.2.3 PWM Period and Duty The counter counts from O to the value in

the period register - 1.

NOTE: Changing the PWM output mode from Left Aligned Output to Center Aligned
Output (or vice versa) while channels are operating can cause irregularities in the
PWM output. It is recommended to program the output mode before enabling the

PWM channel.
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PPOLx=0

PPOLx=1

PWMDTYx

< Period = PWMPERX

Figure 4-3 PWM Left Aligned Output Waveform

To calculate the output frequency in left aligned output mode for a particular channel, take the selected
clock source frequency for the channel (A, B, SA, or SB) and divide it by the value in the period register
for that channel.

PWMx Frequency = Clock(A, B, SA, or SB) / PWMPERX
PWNMx Duty Cycle (high time as a% of period):
— Polarity = 0 (PPOLx=0)
Duty Cycle = [[PWMPERXx-PWMDTYx)/PWMPERX] * 100%
— Polarity = 1 (PPOLx=1)
Duty Cycle = [PWMDTYx / PWMPERX] * 100%
As an example of a left aligned output, consider the following case:

Clock Source = E, where E=10MHz (100ns period)

PPOLXx =0
PWMPERX = 4
PWMDTYx =1

PWMx Frequency = 10MHz/4 = 2.5MHz

PWMx Period = 400ns

PWMx Duty Cycle = 3/4 *100% = 75%

Shown below is the output waveform generated.

g E=100ns > | | |
I I

| DUTY CYCLE =75% |

-

| - I
- | PERIO[JI =400ns |

vy

Figure 4-4 PWM Left Aligned Output Example Waveform
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4.2.6 Center Aligned Outputs

For Center Aligned Output Mode selection, set the CAEX bit (CAEx=1) in the PWMCAE register and the
corresponding PWM output will be center aligned.

The 8-bit counter operates as an up/down counter in this mode and is set to up whenever the counter is
equal to $00. The counter compares to two registers, a duty register and a period register as shown in the
block diagram irFigure 4-2 PWM Timer Channel Block Diagram When the PWM counter matches

the duty register the output flip-flop changes state causing the PWM waveform to also change state. A
match between the PWM counter and the period register changes the counter direction from an up-count
to a down-count. When the PWM counter decrements and matches the duty register again, the output
flip-flop changes state causing the PWM output to also change state. When the PWM counter decrements
and reaches zero, the counter direction changes from a down-count back to an up-count and a load from
the double buffer period and duty registers to the associated registers is performed as des8abgan

4.2.3 PWM Period and Duty The counter counts from O up to the value in the period register and then
back down to 0. Thus the effective period is PWMPERX*2.

NOTE: Changing the PWM output mode from Left Aligned Output to Center Aligned
Output (or vice versa) while channels are operating can cause irregularities in the
PWM output. It is recommended to program the output mode before enabling the

PWM channel.
|
PPOLx=0 |
I
PPOLx=1 |
¢ PWMDTYx ) : ¢ PWMDTYx )
- PWMPERX > PWMPERX >
|
Period = PWMPERX*2
- >

Figure 4-5 PWM Center Aligned Output Waveform

To calculate the output frequency in center aligned output mode for a particular channel, take the selected
clock source frequency for the channel (A, B, SA, or SB) and divide it by twice the value in the period
register for that channel.

PWMx Frequency = Clock(A, B, SA, or SB) / (2*PWMPERKX)
*  PWMx Duty Cycle (high time as a% of period):
— Polarity = 0 (PPOLx=0)
Duty Cycle = [[PWMPERX-PWMDTYx)/PWMPERX] * 100%
— Polarity =1 (PPOLx=1)
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Duty Cycle = [PWMDTYx / PWMPERX] * 100%
As an example of a center aligned output, consider the following case:
Clock Source = E, where E=10MHz (100ns period)

PPOLx =0
PWMPERX = 4
PWMDTYx =1

PWMx Frequency = 10MHz/8 = 1.25MHz
PWMx Period = 800ns
PWMx Duty Cycle = 3/4 *100% = 75%

Shown below is the output waveform generated.

DUTY CY!?LE =75%

¢ E=100ns >

g E=100ns >

- ‘

|
PERIOD = 800ns
I

-

Figure 4-6 PWM Center Aligned Output Example Waveform

4.2.7 PWM 16-Bit Functions

The PWM timer also has the option of generating 8-channels of 8-bits or 4-channels of 16-bits for greater
PWM resolution. This 16-bit channel option is achieved through the concatenation of two 8-bit channels.

The PWMCTL register contains four control bits, each of which is used to concatenate a pair of PWM
channels into one 16-bit channel. Channels 6 and 7 are concatenated with the CONG67 bit, channels 4 and
5 are concatenated with the CON45 bit, channels 2 and 3 are concatenated with the CON23 bit, and
channels 0 and 1 are concatenated with the CONOL1 bit.

NOTE: Change these bits only when both corresponding channels are disabled.

When channels 6 and 7 are concatenated, channel 6 registers become the high order bytes of the double
byte channel as shown kigure 4-7 PWM 16-Bit Mode Similarly, when channels 4 and 5 are

concatenated, channel 4 registers become the high order bytes of the double byte channel. When channels
2 and 3 are concatenated, channel 2 registers become the high order bytes of the double byte channel.
When channels 0 and 1 are concatenated, channel O registers become the high order bytes of the double
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byte channel.

Clock Source 7
High Low

PWMCNT6 — PWCNT?7

Y Y

Period/Duty Compare — pwM7

Clock Source 5
High Low

PWMCNT4 — PWCNTS

Y Y

Period/Duty Compare — pwM5

Clock Source 3
High Low

PWMCNT2 — PWCNT3

Y Y

Period/Duty Compare — pwM3

Clock Source 1
High Low

PWMCNTO — PWCNT1

Y Y

Period/Duty Compare — pwML

Figure 4-7 PWM 16-Bit Mode

When using the 16-bit concatenated mode, the clock source is determined by the low order 8-bit channel
clock select control bits. That is channel 7 when channels 6 and 7 are concatenated, channel 5 when
channels 4 and 5 are concatenated, channel 3 when channels 2 and 3 are concatenated, and channel 1 whe
channels 0 and 1 are concatenated. The resulting PWM is output to the pins of the corresponding low order
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8-bit channel as also shownkigure 4-7 PWM 16-Bit Mode. The polarity of the resulting PWM output
is controlled by the PPOLX bit of the corresponding low order 8-bit channel as well.

Once concatenated mode is enabled (CONxx bits set in PWMCTL register) then enabling/disabling the
corresponding 16-bit PWM channel is controlled by the low order PWMEX bit. In this case, the high order
bytes PWMEX bits have no effect and their corresponding PWM output is disabled.

In concatenated mode, writes to the 16-bit counter by using a 16-bit access or writes to either the low or
high order byte of the counter will reset the 16-bit counter. Reads of the 16-bit counter must be made by
16-bit access to maintain data coherency.

Either left aligned or center aligned output mode can be used in concatenated mode and is controlled by
the low order CAEX bit. The high order CAEX bit has no effect.

The table shown below is used to summarize which channels are used to set the various control bits when
in 16-bit mode.

Table 4-2 16-bit Concatenation Mode Summary

CONxx PWMEx PPOLX PCLKXx CAEx oot
CON67 PWME7 PPOL7 PCLK7 CAE7 PWM7
CON45 PWMES5 PPOL5 PCLK5 CAE5 PWM5
CON23 PWME3 PPOL3 PCLK3 CAE3 PWM3
CONO1 PWME1 PPOL1 PCLK1 CAE1l PWM1
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4.2.8 PWM Boundary Cases

The following table summarizes the boundary conditions for the PWM regardless of the output mode (Left
Aligned or Center Aligned) and 8-bit (normal) or 16-bit (concatenation).

Table 4-3 PWM Boundary Cases

PWMDTYx PWMPERX PPOLXx PWMx Output
$00
(indicates no duty) >300 ! Always Low
$00 Always High
(indicates no duty) >$00 0
XX $00? 1 Always High
(indicates no period)
XX $00t 0 Always Low
(indicates no period)
>= PWMPERX XX 1 Always High
>= PWMPERX XX 0 Always Low

NOTES:

1. Counter=$00 and does not count.
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Section 5 Resets

5.1 General

The reset state of each individual bit is listed within the Register Description s&sgitiion 3.3 Register
Descriptionswhich details the registers and their bit-fields. All special functions or modes which are
initialized during or just following reset are described within this section.

» The 8-bit up/down counter is configured as an up counter out of reset.
* All the channels are disabled and all the counters don’t count.
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Section 6 Interrupts

6.1 Interrupt Operation

The PWM module has only one interrupt which is generated at the time of emergency shutdown, if the
corresponding enable bit (PWMIE) is set. This bitis the enable for the interrupt. The interrupt flag PWMIF
is set whenever the input level of the PWM7 channel changes while PWM7ENA=1 or when PWMENA
is being asserted while the level at PWM?7 is active.

In STOP mode or WAIT mode(with the PSWAI bit set) the emergency shutdown feature will drive the
PWM outputs to their shutdown output levels but the PWMIF flag will not be set.

A description of the registers involved and affected due to this interrupt is explatbection 3.3.15
PWM Shutdown Register (PWMSDN)

The PWM block only generates the interrupt and does not service it. The interrupt signal name is PWM
Interrupt Signal.
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Chapter 1
Serial Communications Interface (S12SCIV2)
Block Description

1.1 Introduction

This block guide provide an overview of serial communication interface (SCI) module. The SCI allows
asynchronous serial communications with peripheral devices and other CPUs.

1.1.1 Glossary

IRQ — Interrupt Request

LSB — Least Significant Bit

MSB — Most Significant Bit

NRZ — Non-Return-to-Zero

RZI — Return-to-Zero-Inverted

RXD — Receive Pin

SCI — Serial Communication Interface
TXD — Transmit Pin

1.1.2 Features

The SCI includes these distinctive features:
» Full-duplex operation
» Standard mark/space non-return-to-zero (NRZ) format
» 13-bit baud rate selection
* Programmable 8-bit or 9-bit data format
» Separately enabled transmitter and receiver
» Programmable transmitter output parity
» Two receiver wake up methods:
— Idle line wake-up
— Address mark wake-up
* Interrupt-driven operation with eight flags:
— Transmitter empty
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— Transmission complete

— Receiver full

— ldle receiver input

— Receiver overrun

— Noise error

— Framing error

— Parity error
» Receiver framing error detection
» Hardware parity checking
» 1/16 bit-time noise detection

1.1.3 Modes of Operation

The SCI operation is the same independent of device resource mapping and bus interface mode. Different
power modes are available to facilitate power saving.

1.1.31 Run Mode

Normal mode of operation.

1.1.3.2 Wait Mode

SCI operation in wait mode depends on the state of the SCISWAI bit in the SCI control register 1
(SCICR1).

o If SCISWAI is clear, the SCI operates normally when the CPU is in wait mode.

» If SCISWAI is set, SCI clock generation ceases and the SCI module enters a power-conservation
state when the CPU is in wait mode. Setting SCISWAI does not affect the state of the receiver
enable bit, RE, or the transmitter enable bit, TE.

» If SCISWAI is set, any transmission or reception in progress stops at wait mode entry. The
transmission or reception resumes when either an internal or external interrupt brings the CPU out
of wait mode. Exiting wait mode by reset aborts any transmission or reception in progress and
resets the SCI.

1.1.3.3 Stop Mode

The SCl is inactive during stop mode for reduced power consumption. The STOP instruction does not
affect the SCI register states, but the SCI module clock will be disabled. The SCI operation resumes from
where it left off after an external interrupt brings the CPU out of stop mode. Exiting stop mode by reset
aborts any transmission or reception in progress and resets the SCI.
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1.1.4 Block Diagram

Figure 1-1 is a high level block diagram of the SCI module, showing the interaction of various functional

Serial Communications Interface (S12SCIV2) Block Description

blocks.
SCI DATA REGISTER

T = IDLE IRQ
RX_DATAN > RECEIVE SHIFT REGISTER > E
L
A i
BUS CLOCK &

y g RDR/OR IRQ
RECEIVE & WAKE UP CONTROL -
A T
BAUD 15 DATA FORMAT CONTROL
—>>
GENERATOR T ¢
TRANSMIT CONTROL

_ TDRE IRQ
A o
=
&
=

TRANSMIT SHIFT REGISTER o 10 IRQ
f = g

SCI DATA REGISTER

Figure 1-1. SCI Block Diagram

1.2  External Signal Description

The SCI module has a total of two external pins:

1.2.1 TXD-SCI Transmit Pin

This pin serves as transmit data output of SCI.

1.2.2 RXD-SCI Receive Pin

This pin serves as receive data input of the SCI.

ORING

IRQ
TOCPU

> TXDATA OUT
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1.3 Memory Map and Registers

This section provides a detailed description of all memory and registers.

1.3.1 Module Memory Map

The memory map for the SCI module is given below in Figure 1-2. The Address listed for each register is
the address offset. The total address for each register is the sum of the base address for the SCI module and
the address offset for each register.

Address Name Bit 7 6 5 4 3 2 1 Bit 0
R 0 0 0
0x0000 SCIBDH W SBR12 SBR11 SBR10 SBR9 SBR8
R
0x0001 SCIBDL " SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
R
0x0002 SCICR1 W LOOPS SCISWAI RSRC M WAKE ILT PE PT
R
0x0003 SCICR2 W TIE TCIE RIE ILIE TE RE RWU SBK
R TDRE TC RDRF IDLE OR NF FE PF
0x0004 SCISR1
W
R RAF
0x0005 SCISR2 W 0 0 0 0 0 BRK13 TXDIR
R R8 0 0 0 0 0 0
0x0006 SCIDRH W T8
R R7 R6 R5 R4 R3 R2 R1 RO
0x0007 SCIDRL
W T7 T6 T5 T4 T3 T2 T1 TO

|:|= Unimplemented or Reserved

Figure 1-2. SCI Register Summary

1.3.2 Register Descriptions

This section consists of register descriptions in address order. Each description includes a standard register
diagram with an associated figure number. Writes to a reserved register location do not have any effect and
reads of these locations return a zero. Details of register bit and field function follow the register diagrams,
in bit order.
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1.3.2.1 SCI Baud Rate Registers (SCIBDH and SCHBDL)

Module Base + 0x_0000

5 4 3 2 1 0
R 0 0 0
SBR12 SBR11 SBR10 SBR9 SBR8
w
Reset 0 0 0 0 0 0 0 0
Module Base + 0x_0001
7 6 5 4 3 2 1 0
R
SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
w
Reset 0 0 0 0 0 1 0 0
= Unimplemented or Reserved

Figure 1-3. SCI Baud Rate Registers (SCIBDH and SCIBDL)
The SCI Baud Rate Register is used by the counter to determine the baud rate of the SCI. The formula for
calculating the baud rate is:
SCI baud rate = SCI module clock / (16 x BR)

where:

BR is the content of the SCI baud rate registers, bits SBR12 through SBRO. The baud rate registers
can contain a value from 1 to 8191.

Read: Anytime. If only SCIBDH is written to, a read will not return the correct data until SCIBDL is
written to as well, following a write to SCIBDH.

Write: Anytime
Table 1-1. SCIBDH AND SCIBDL Field Descriptions

Field Description

4-0 SCI Baud Rate Bits — The baud rate for the SCI is determined by these 13 bits.

7-0 Note: The baud rate generator is disabled until the TE bit or the RE bit is set for the first time after reset. The
SBR[12:0] baud rate generator is disabled when BR = 0.
Writing to SCIBDH has no effect without writing to SCIBDL, since writing to SCIBDH puts the data in a
temporary location until SCIBDL is written to.
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1.3.2.2 SCI Control Register 1 (SCICR1)
Module Base + 0x_0002
7 6 5 4 3 2 1 0
R
LOOPS SCISWAI RSRC M WAKE ILT PE PT
W
Reset 0 0 0 0 0 0 0 0

Figure 1-4. SCI Control Register 1 (SCICR1)

Read: Anytime

Write: Anytime

Table 1-2. SCICRL1 Field Descriptions

Field Description
7 Loop Select Bit — LOOPS enables loop operation. In loop operation, the RXD pin is disconnected from the SCI
LOOPS and the transmitter output is internally connected to the receiver input. Both the transmitter and the receiver must
be enabled to use the loop function.See Table 1-3.
0 Normal operation enabled
1 Loop operation enabled
Note: The receiver input is determined by the RSRC bit.
6 SCI Stop in Wait Mode Bit — SCISWAI disables the SCI in wait mode.
SCISWAI [0 SCI enabled in wait mode
1 SCI disabled in wait mode
5 Receiver Source Bit — When LOOPS = 1, the RSRC bit determines the source for the receiver shift register
RSRC input.
0 Receiver input internally connected to transmitter output
1 Receiver input connected externally to transmitter
4 Data Format Mode Bit — MODE determines whether data characters are eight or nine bits long.
M 0 One start bit, eight data bits, one stop bit
1 One start bit, nine data bits, one stop bit
3 Wakeup Condition Bit — WAKE determines which condition wakes up the SCI: a logic 1 (address mark) in the
WAKE most significant bit position of a received data character or an idle condition on the RXD.
0 Idle line wakeup
1 Address mark wakeup
2 Idle Line Type Bit — ILT determines when the receiver starts counting logic 1s as idle character bits. The
ILT counting begins either after the start bit or after the stop bit. If the count begins after the start bit, then a string of
logic 1s preceding the stop bit may cause false recognition of an idle character. Beginning the count after the
stop bit avoids false idle character recognition, but requires properly synchronized transmissions.
0 Idle character bit count begins after start bit
1 Idle character bit count begins after stop bit
1 Parity Enable Bit — PE enables the parity function. When enabled, the parity function inserts a parity bit in the
PE most significant bit position.
0 Parity function disabled
1 Parity function enabled
0 Parity Type Bit — PT determines whether the SCI generates and checks for even parity or odd parity. With even
PT parity, an even number of 1s clears the parity bit and an odd number of 1s sets the parity bit. With odd parity, an

odd number of 1s clears the parity bit and an even number of 1s sets the parity bit.
0 Even parity
1 Odd parity
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1.3.2.3

Serial Communications Interface (S12SCIV2) Block Description

Table 1-3. Loop Functions

LOOPS | RSRC Function
0 X Normal operation
1 0 Loop mode with Rx input internally connected to Tx output
1 1 Single-wire mode with Rx input connected to TXD

SCI Control Register 2 (SCICR2)

Module Base + 0x_0003

Reset

7 6 5 4 3 2 1 0
TIE TCIE RIE ILIE TE RE RWU SBK
0 0 0 0 0 0 0 0

Figure 1-5. SCI Control Register 2 (SCICR2)

Read: Anytime

Write: Anytime

Table 1-4. SCICR2 Field Descriptions

Field Description
7 Transmitter Interrupt Enable Bit — TIE enables the transmit data register empty flag, TDRE, to generate
TIE interrupt requests.
0 TDRE interrupt requests disabled
1 TDRE interrupt requests enabled
6 Transmission Complete Interrupt Enable Bit — TCIE enables the transmission complete flag, TC, to generate
TCIE interrupt requests.
0 TC interrupt requests disabled
1 TC interrupt requests enabled
5 Receiver Full Interrupt Enable Bit — RIE enables the receive data register full flag, RDRF, or the overrun flag,
RIE OR, to generate interrupt requests.
0 RDRF and OR interrupt requests disabled
1 RDRF and OR interrupt requests enabled
4 Idle Line Interrupt Enable Bit — ILIE enables the idle line flag, IDLE, to generate interrupt requests.
ILIE 0 IDLE interrupt requests disabled
1 IDLE interrupt requests enabled
3 Transmitter Enable Bit — TE enables the SCI transmitter and configures the TXD pin as being controlled by
TE the SCI. The TE bit can be used to queue an idle preamble.
0 Transmitter disabled
1 Transmitter enabled
2 Receiver Enable Bit — RE enables the SCI receiver.
RE 0 Receiver disabled

1 Receiver enabled
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Table 1-4. SCICR2 Field Descriptions (continued)

Field Description
1 Receiver Wakeup Bit — Standby state
RWU 0 Normal operation.
1 RWU enables the wakeup function and inhibits further receiver interrupt requests. Normally, hardware wakes
the receiver by automatically clearing RWU.
0 Send Break Bit — Toggling SBK sends one break character (10 or 11 logic Os, respectively 13 or 14 logics 0s
SBK if BRK13 is set). Toggling implies clearing the SBK bit before the break character has finished transmitting. As
long as SBK is set, the transmitter continues to send complete break characters (10 or 11 bits, respectively 13
or 14 hits).
0 No break characters
1 Transmit break characters
1.3.24 SCI Status Register 1 (SCISR1)

The SCISR1 and SCISR2 registers provides inputs to the MCU for generation of SCI interrupts. Also,
these registers can be polled by the MCU to check the status of these bits. The flag-clearing procedures
require that the status register be read followed by a read or write to the SCI Data Register.It is permissible
to execute other instructions between the two steps as long as it does not compromise the handling of 1/0,
but the order of operations is important for flag clearing.

Module Base + 0x_0004

7 6 5 4 3 2 1 0
R TDRE TC RDRF IDLE OR NF FE PF

W
Reset 0 0 0 0 0 0 0 0

I:I: Unimplemented or Reserved

Figure 1-6. SCI Status Register 1 (SCISR1)

Read: Anytime

Write: Has no meaning or effect

Table 1-5. SCISR1 Field Descriptions

Field Description
7 Transmit Data Register Empty Flag — TDRE is set when the transmit shift register receives a byte from the
TDRE SCl data register. When TDRE is 1, the transmit data register (SCIDRH/L) is empty and can receive a new value
to transmit.Clear TDRE by reading SCI status register 1 (SCISR1), with TDRE set and then writing to SCI data
register low (SCIDRL).
0 No byte transferred to transmit shift register
1 Byte transferred to transmit shift register; transmit data register empty
6 Transmit Complete Flag — TC is set low when there is a transmission in progress or when a preamble or break
TC character is loaded. TC is set high when the TDRE flag is set and no data, preamble, or break character is being

transmitted.When TC is set, the TXD out signal becomes idle (logic 1). Clear TC by reading SCI status register
1 (SCISR1) with TC set and then writing to SCI data register low (SCIDRL). TC is cleared automatically when

data, preamble, or break is queued and ready to be sent. TC is cleared in the event of a simultaneous set and

clear of the TC flag (transmission not complete).

0 Transmission in progress

1 No transmission in progress
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Table 1-5. SCISR1 Field Descriptions (continued)

Field

Description

RDRF

Receive Data Register Full Flag — RDRF is set when the data in the receive shift register transfers to the SCI
data register. Clear RDRF by reading SCI status register 1 (SCISR1) with RDRF set and then reading SCI data
register low (SCIDRL).

0 Data not available in SCI data register

1 Received data available in SCI data register

IDLE

Idle Line Flag — IDLE is set when 10 consecutive logic 1s (if M=0) or 11 consecutive logic 1s (if M=1) appear
on the receiver input. Once the IDLE flag is cleared, a valid frame must again set the RDRF flag before an idle
condition can set the IDLE flag.Clear IDLE by reading SCI status register 1 (SCISR1) with IDLE set and then
reading SCI data register low (SCIDRL).

0 Receiver input is either active now or has never become active since the IDLE flag was last cleared

1 Receiver input has become idle

Note: When the receiver wakeup bit (RWU) is set, an idle line condition does not set the IDLE flag.

Overrun Flag — OR is set when software fails to read the SCI data register before the receive shift register

receives the next frame. The OR bit is set immediately after the stop bit has been completely received for the

second frame. The data in the shift register is lost, but the data already in the SCI data registers is not affected.

Clear OR by reading SCI status register 1 (SCISR1) with OR set and then reading SCI data register low

(SCIDRL).

0 No overrun

1 Overrun

Note: OR flag may read back as set when RDRF flag is clear. This may happen if the following sequence of
events occurs:

1. After the first frame is received, read status register SCISR1 (returns RDRF set and OR flag clear);

2. Receive second frame without reading the first frame in the data register (the second frame is not
received and OR flag is set);

3. Read data register SCIDRL (returns first frame and clears RDRF flag in the status register);

4. Read status register SCISR1 (returns RDRF clear and OR set).

Event 3 may be at exactly the same time as event 2 or any time after. When this happens, a dummy

SCIDRL read following event 4 will be required to clear the OR flag if further frames are to be received.

Noise Flag — NF is set when the SCI detects noise on the receiver input. NF bit is set during the same cycle as
the RDRF flag but does not get set in the case of an overrun. Clear NF by reading SCI status register 1(SCISR1),
and then reading SCI data register low (SCIDRL).

0 No noise

1 Noise

Framing Error Flag — FE is set when a logic 0 is accepted as the stop bit. FE bit is set during the same cycle
as the RDRF flag but does not get set in the case of an overrun. FE inhibits further data reception until it is
cleared. Clear FE by reading SCI status register 1 (SCISR1) with FE set and then reading the SCI data register
low (SCIDRL).

0 No framing error

1 Framing error

Parity Error Flag — PF is set when the parity enable bit (PE) is set and the parity of the received data does not
match the parity type bit (PT). PF bit is set during the same cycle as the RDRF flag but does not get set in the
case of an overrun. Clear PF by reading SCI status register 1 (SCISR1), and then reading SCI data register low
(SCIDRL).

0 No parity error

1 Parity error
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1.3.2.5  SCI Status Register 2 (SCISR2)
Module Base + 0x_0005
5 3 2 1 0
R 0 0 0 0 0 RAF
BK13 TXDIR
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 1-7. SCI Status Register 2 (SCISR2)

Read: Anytime

Write: Anytime; writing accesses SCI status register 2; writing to any bits except TXDIR and BRK13
(SCISR2[1] & [2]) has no effect

Table 1-6. SCISR2 Field Descriptions

Field Description
2 Break Transmit Character Length — This bit determines whether the transmit break character is 10 or 11 bit
BK13 respectively 13 or 14 bits long. The detection of a framing error is not affected by this bit.
0 Break Character is 10 or 11 bit long
1 Break character is 13 or 14 bit long
1 Transmitter Pin Data Direction in Single-Wire Mode. — This bit determines whether the TXD pin is going to
TXDIR be used as an input or output, in the Single-Wire mode of operation. This bit is only relevant in the Single-Wire
mode of operation.
0 TXD pin to be used as an input in Single-Wire mode
1 TXD pin to be used as an output in Single-Wire mode
0 Receiver Active Flag — RAF is set when the receiver detects a logic 0 during the RT1 time period of the start
RAF bit search. RAF is cleared when the receiver detects an idle character.

0 No reception in progress
1 Reception in progress

10
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SCI Data Registers (SCIDRH and SCIDRL)

Module Base + 0x_0006

7 6 5 4 3 1
R R8 0 0 0 0 0 0
T8
W
Reset 0 0 0 0 0 0 0 0
Module Base + 0x_0007
7 6 5 4 3 2 1 0
R R7 R6 R5 R4 R3 R2 R1 RO
\W T7 T6 T5 T4 T3 T2 T1 TO
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 1-8. SCI Data Registers (SCIDRH and SCIDRL)

Read: Anytime; reading accesses SCI receive data register
Write: Anytime; writing accesses SCI transmit data register; writing to R8 has no effect

Table 1-7. SCIDRH AND SCIDRL Field Descriptions

Field Description
7 Received Bit 8 — R8 is the ninth data bit received when the SCI is configured for 9-bit data format (M = 1).
R8
6 Transmit Bit 8 — T8 is the ninth data bit transmitted when the SCI is configured for 9-bit data format (M = 1).
T8
7-0 Received Bits — Received bits seven through zero for 9-bit or 8-bit data formats
R[7:0]
T[7:0] Transmit Bits — Transmit bits seven through zero for 9-bit or 8-bit formats

NOTE
If the value of T8 is the same as in the previous transmission, T8 does not
have to be rewritten. The same value is transmitted until T8 is rewritten
In 8-bit data format, only SCI data register low (SCIDRL) needs to be
accessed.

When transmitting in 9-bit data format and using 8-bit write instructions,
write first to SCI data register high (SCIDRH), then SCIDRL.
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1.4  Functional Description

This section provides a complete functional description of the SCI block, detailing the operation of the
design from the end user perspective in a number of subsections.

Figure 1-9 shows the structure of the SCI module. The SCI allows full duplex, asynchronous, NRZ serial
communication between the CPU and remote devices, including other CPUs. The SCI transmitter and
receiver operate independently, although they use the same baud rate generator. The CPU monitors the
status of the SCI, writes the data to be transmitted, and processes received data.

SCI DATA
REGISTER
N RECEIVE e
RXD >|  SHIFT REGISTER >
A RE N> FE
\A N1 PF
: RWU
RECEIVE
AND WAKEUP | oops | P> A || E )
CONTROL \
SBR12-SBRO " RSRC | [>_/DLE
N—> RDRF DJ—
M N> R :
BUS BAUD RATE WAKE ° o |lo
CLOCK —>| GENERATOR T ||z
DATA FORMAT | _ - c | |u
CONTROL [ 2113
5 IRQ
PT o 70 cPU
&
Y TE i
TRANSMIT J ello
— 16 > < LOOPS =
CONTROL |T|— S
SBK o
A TDRE
Y RSRC TC
TRANSMIT :)_
SHIFT REGISTER TCIE |—

{}

SCI DATA
REGISTER > TXD

Figure 1-9. SCI Block Diagram
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14.1 Data Format
The SCI uses the standard NRZ mark/space data format illustrated in Figure 1-10 below.

8-BIT DATA FORMAT PARITY
BIT M IN SCICR1 CLEAR ORDATA NEXT

_\STBAI\TRT,( BITO X BIT1 X BIT2 X BIT3 X BIT4 X BIT5 X BT6 X BIT7 )'SgI(%P \STEﬁ\TRT,C

9-BIT DATA FORMAT PARITY

BIT M IN SCICR1 SET ORB[I)'IATA NEXT

_\STEﬁ\TRT,( BITO X BIT1 X BIT2 X BIT3 X BIT4 X BIT5 X BIT6 X BIT7 X BIT8 ) STOP \STB/?TRT,C

Figure 1-10. SCI Data Formats

Each data character is contained in a frame that includes a start bit, eight or nine data bits, and a stop bit.
Clearing the M bit in SCI control register 1 configures the SCI for 8-bit data characters.A frame with eight
data bits has a total of 10 bits. Setting the M bit configures the SCI for nine-bit data characters. A frame

with nine data bits has a total of 11 bits

Table 1-8. Example of 8-Bit Data Formats

Start Data Address Parity Stop
Bit Bits Bits Bits Bit
1 8 0 0 1
1 7 0 1 1
1 7 1t 0 1

1 The address bit identifies the frame as an address character. See
Section 1.4.4.6, “Receiver Wakeup”.

When the SCI is configured for 9-bit data characters, the ninth data bit is the T8 bit in SCI data register
high (SCIDRH). It remains unchanged after transmission and can be used repeatedly without rewriting it.
A frame with nine data bits has a total of 11 bits.

Table 1-9. Example of 9-Bit Data Formats

Start Data Address Parity Stop
Bit Bits Bits Bits Bit
1 9 0 0 1
1 8 0 1 1
1 8 11 0 1

1 The address bit identifies the frame as an address character. See

Section 1.4.4.6, “Receiver Wakeup”.
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1.4.2 Baud Rate Generation

A 13-bit modulus counter in the baud rate generator derives the baud rate for both the receiver and the
transmitter. The value from 0 to 8191 written to the SBR12—SBRO bits determines the module clock
divisor. The SBR bits are in the SCI baud rate registers (SCIBDH and SCIBDL). The baud rate clock is
synchronized with the bus clock and drives the receiver. The baud rate clock divided by 16 drives the
transmitter. The receiver has an acquisition rate of 16 samples per bit time.

Baud rate generation is subject to one source of error:
Integer division of the module clock may not give the exact target frequency.

Table 1-10 lists some examples of achieving target baud rates with a module clock frequency of 25 MHz
SCI baud rate = SCI module clock / (16 * SCIBR[12:0])

Table 1-10. Baud Rates (Example: Module Clock = 25 MHz)

Bits Receiver Transmitter Target Baud Error
SBR[12-0] Clock (Hz) Clock (Hz) Rate (%)
41 609,756.1 38,109.8 38,400 .76
81 308,642.0 19,290.1 19,200 A7
163 153,374.2 9585.9 9600 .16
326 76,687.1 4792.9 4800 .15
651 38,402.5 2400.2 2400 .01
1302 19,201.2 1200.1 1200 .01
2604 9600.6 600.0 600 .00
5208 4800.0 300.0 300 .00

14
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1.4.3 Transmitter

INTERNAL BUS >

< Xz

CL%%SK —| BAUD DIVIDER SCI DATA REGISTERS

" iy

o
B 11BIT TRANSMIT SHIFT REGISTER
Hlel7]els[efafeft]o]

Y
I
>
Y

— | START

| »TXD

[an]
n
=
A A A A A A Y
-T8 —~ LOOP TO
& CONTROL  [™ RXD
o =
=) o A
PE_ ™™  PARITY 3 w 2 z
PT |»| GENERATION = D " 5 LOOPS
i @ 2 1 RSRC
a L < <
<< = (] 1]
S & T 5
TRANSMITTER CONTROL
— TDRE [=— | TE | SBK |

TDRE INTERRUPT REQUEST

— TIE

A

~—(_
—(_ =

TC INTERRUPT REQUEST
— TCIE

Figure 1-11. Transmitter Block Diagram

1431 Transmitter Character Length

The SCI transmitter can accommodate either 8-bit or 9-bit data characters. The state of the M bit in SCI
control register 1 (SCICR1) determines the length of data characters. When transmitting 9-bit data, bit T8
in SCI data register high (SCIDRH) is the ninth bit (bit 8).

1.4.3.2 Character Transmission

To transmit data, the MCU writes the data bits to the SCI data registers (SCIDRH/SCIDRL), which in turn
are transferred to the transmitter shift register. The transmit shift register then shifts a frame out through
the Tx output signal, after it has prefaced them with a start bit and appended them with a stop bit. The SCI
data registers (SCIDRH and SCIDRL) are the write-only buffers between the internal data bus and the

transmit shift register.

The SCI also sets a flag, the transmit data register empty flag (TDRE), every time it transfers data from
the buffer (SCIDRHY/L) to the transmitter shift register. The transmit driver routine may respond to this flag
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by writing another byte to the Transmitter buffer (SCIDRH/SCIDRL), while the shift register is still
shifting out the first byte.

To initiate an SCI transmission:
1. Configure the SCI:

a) Select a baud rate. Write this value to the SCI baud registers (SCIBDHY/L) to begin the baud
rate generator. Remember that the baud rate generator is disabled when the baud rate is zero.
Writing to the SCIBDH has no effect without also writing to SCIBDL.

b) Write to SCICR1 to configure word length, parity, and other configuration bits
(LOOPS,RSRC,M,WAKE, ILT,PE,PT).

c) Enable the transmitter, interrupts, receive, and wake up as required, by writing to the SCICR2
register bits (TIE, TCIE,RIE,ILIE, TE,RE,RWU,SBK). A preamble or idle character will now
be shifted out of the transmitter shift register.

2. Transmit Procedure for Each Byte:

a. Poll the TDRE flag by reading the SCISR1 or responding to the TDRE interrupt. Keep in mind
that the TDRE bit resets to one.

d) If the TDRE flag is set, write the data to be transmitted to SCIDRH/L, where the ninth bit is
written to the T8 bit in SCIDRH if the SCl is in 9-bit data format. A new transmission will not
result until the TDRE flag has been cleared.

3. Repeat step 2 for each subsequent transmission.

NOTE

The TDRE flag is set when the shift register is loaded with the next data to
be transmitted from SCIDRHY/L, which happens, generally speaking, a little
over half-way through the stop bit of the previous frame. Specifically, this

transfer occurs 9/16ths of a bit time AFTER the start of the stop bit of the

previous frame.

Writing the TE bit from 0 to a 1 automatically loads the transmit shift register with a preamble of 10 logic
1s (if M = 0) or 11 logic 1s (if M = 1). After the preamble shifts out, control logic transfers the data from
the SCI data register into the transmit shift register. A logic O start bit automatically goes into the least
significant bit position of the transmit shift register. A logic 1 stop bit goes into the most significant bit
position.

Hardware supports odd or even parity. When parity is enabled, the most significant bit (msb) of the data
character is the parity bit.

The transmit data register empty flag, TDRE, in SCI status register 1 (SCISR1) becomes set when the SCI
data register transfers a byte to the transmit shift register. The TDRE flag indicates that the SCI data
register can accept new data from the internal data bus. If the transmit interrupt enable bit, TIE, in SCI
control register 2 (SCICR?2) is also set, the TDRE flag generates a transmitter interrupt request.

When the transmit shift register is not transmitting a frame, the Tx output signal goes to the idle condition,
logic 1. If at any time software clears the TE bit in SCI control register 2 (SCICR2), the transmitter enable
signal goes low and the transmit signal goes idle.
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If software clears TE while a transmission is in progress (TC = 0), the frame in the transmit shift register
continues to shift out. To avoid accidentally cutting off the last frame in a message, always wait for TDRE
to go high after the last frame before clearing TE.

To separate messages with preambles with minimum idle line time, use this sequence between messages:
1. Write the last byte of the first message to SCIDRH/L.
2. Wait for the TDRE flag to go high, indicating the transfer of the last frame to the transmit shift
register.
3. Queue a preamble by clearing and then setting the TE bit.
4. Write the first byte of the second message to SCIDRH/L.

1.4.3.3 Break Characters

Writing a logic 1 to the send break bit, SBK, in SCI control register 2 (SCICR2) loads the transmit shift
register with a break character. A break character contains all logic Os and has no start, stop, or parity bit.
Break character length depends on the M bit in SCI control register 1 (SCICR1). As long as SBK is at
logic 1, transmitter logic continuously loads break characters into the transmit shift register. After software
clears the SBK bit, the shift register finishes transmitting the last break character and then transmits at least
one logic 1. The automatic logic 1 at the end of a break character guarantees the recognition of the start bit
of the next frame.

The SCI recognizes a break character when a start bit is followed by eight or nine logic 0 data bits and a
logic 0 where the stop bit should be. Receiving a break character has these effects on SCI registers:

» Sets the framing error flag, FE

» Sets the receive data register full flag, RDRF

» Clears the SCI data registers (SCIDRH/L)

* May set the overrun flag, OR, noise flag, NF, parity error flag, PE, or the receiver active flag, RAF
(see Section 1.3.2.4, “SCI Status Register 1 (SCISR1)” and Section 1.3.2.5, “SCI Status Register
2 (SCISR2)”

1.4.3.4 Idle Characters

An idle character contains all logic 1s and has no start, stop, or parity bit. Idle character length depends on
the M bit in SCI control register 1 (SCICR1). The preamble is a synchronizing idle character that begins
the first transmission initiated after writing the TE bit from 0 to 1.

If the TE bit is cleared during a transmission, the Tx output signal becomes idle after completion of the
transmission in progress. Clearing and then setting the TE bit during a transmission queues an idle
character to be sent after the frame currently being transmitted.
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NOTE

When queueing an idle character, return the TE bit to logic 1 before the stop

bit of the current frame shifts out through the Tx output signal. Setting TE
after the stop bit appears on Tx output signal causes data previously written

to the SCI data register to be lost. Toggle the TE bit for a queued idle

NOTE

If the TE bit is clear and the transmission is complete, the SCI is not the
master of the TXD pin

character while the TDRE flag is set and immediately before writing the
next byte to the SCI data register.

1.4.4 Receiver
< INTERNAL BUS >
ZaY
SCI DATA REGISTER
ZaY
CL%%?—» BAUD DIVIDER > o =
(@] <C
y %  11-BITRECEIVE SHIFTREGISTER
_ DATA - o
RXD J ™ RECOVERY m—>H[8[7]6|s]4[3]2][1][0]L]
A (%)
LOOP w
FROMTXD —»  ~oNTROL z .
I 1 RE 32
v Y Vv
LOOPS A Yy = A
RSRC M
- NF RWU
WAKE WAKEUP | _ PE
T - LOGIC _
PE PARITY =|I R8
PT CHECKING
I IDLE |-
IDLE INTERRUPT REQUEST <—C
— ILIE
RDRF
RDRF/OR INTERRUPT REOUEST<—C — < C OR |=
Figure 1-12. SCI Receiver Block Diagram
144.1 Receiver Character Length

The SCI receiver can accommodate either 8-bit or 9-bit data characters. The state of the M bit in SCI
control register 1 (SCICR1) determines the length of data characters. When receiving 9-bit data, bit R8 in

SCI data register high (SCIDRH) is the ninth bit (bit 8).

18
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1.4.4.2 Character Reception

During an SCI reception, the receive shift register shifts a frame in from the Rx input signal. The SCI data
register is the read-only buffer between the internal data bus and the receive shift register.

After a complete frame shifts into the receive shift register, the data portion of the frame transfers to the
SCI data register. The receive data register full flag, RDRF, in SCI status register 1 (SCISR1) becomes set,
indicating that the received byte can be read. If the receive interrupt enable bit, RIE, in SCI control
register 2 (SCICR?2) is also set, the RDRF flag generates an RDRF interrupt request.

1.4.4.3 Data Sampling

The receiver samples the Rx input signal at the RT clock rate. The RT clock is an internal signal with a
frequency 16 times the baud rate. To adjust for baud rate mismatch, the RT clock (see Figure 1-13) is
re-synchronized:

o After every start bit

» After the receiver detects a data bit change from logic 1 to logic 0 (after the majority of data bit
samples at RT8, RT9, and RT10 returns a valid logic 1 and the majority of the next RT8, RT9, and
RT10 samples returns a valid logic 0)

To locate the start bit, data recovery logic does an asynchronous search for a logic 0 preceded by three
logic 1s.When the falling edge of a possible start bit occurs, the RT clock begins to count to 16.

f START BIT >| LSB
Rx Input Signal \ /
SAMPLES 11 1 1 1 1 10 0 0 0 0 0 O
START BIT START BIT DATA
QUALIFICATION VERIFICATION SAMPLING

L O e A A A

RTCLOCKCOUNT k£ £ £ £ £ = £ £ £ B

RESETRTCLOCK ¥ ¥ ¥ ¥V V V ¥ ¥ \

Figure 1-13. Receiver Data Sampling
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To verify the start bit and to detect noise, data recovery logic takes samples at RT3, RT5, and RT7.
Table 1-11 summarizes the results of the start bit verification samples.

Table 1-11. Start Bit Verification

RT3, RT5, and RT7 Samples Start Bit Verification Noise Flag
000 Yes 0
001 Yes 1
010 Yes 1
011 No 0
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Table 1-11. Start Bit Verification

RT3, RT5, and RT7 Samples Start Bit Verification Noise Flag
100 Yes 1
101 No 0
110 No 0
111 No 0

If start bit verification is not successful, the RT clock is reset and a new search for a start bit begins.

To determine the value of a data bit and to detect noise, recovery logic takes samples at RT8, RT9, and
RT10. Table 1-12 summarizes the results of the data bit samples.

Table 1-12. Data Bit Recovery

RT8, RT9, and RT10 Samples Data Bit Determination Noise Flag
000 0 0
001 0 1
010 0 1
011 1 1
100 0 1
101 1 1
110 1 1
111 1 0
NOTE

The RT8, RT9, and RT10 samples do not affect start bit verification. If any
or all of the RT8, RT9, and RT10 start bit samples are logic 1s following a
successful start bit verification, the noise flag (NF) is set and the receiver
assumes that the bit is a start bit (logic 0).

To verify a stop bit and to detect noise, recovery logic takes samples at RT8, RT9, and RT10. Table 1-13
summarizes the results of the stop bit samples.

Table 1-13. Stop Bit Recovery

RT8, RT9, and RT10 Samples Framing Error Flag Noise Flag
000 1 0
001 1 1
010 1 1
011 0 1
100 1 1
101 0 1
110 0 1
111 0 0
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In Figure 1-14 the verification samples RT3 and RT5 determine that the first low detected was noise and
not the beginning of a start bit. The RT clock is reset and the start bit search begins again. The noise flag
IS not set because the noise occurred before the start bit was found.

|

[ STARTBIT ——————»|«——SB

Rx Input Signal
SAMPLES 1 1 1

_p o
_p o
—_p o
—» o
—» o
—» o
_p o

~— ~— ~— ~ [aV] o <+ [Te) ~ ~ [aV] o < [Te) (o) ~ [ce] D ~ N [sp)
RTCLOCKCOUNT E E EEERPEEBECEEREREEERERE22 -8RI @2
ar O O rHr £ £OHr £ £« £« £ cococ o cccocc k- EE EE E E OO OO
0 O O oC o o o
RESET RT CLOCK VYV Y vy Y

Figure 1-14. Start Bit Search Example 1

In Figure 1-15, verification sample at RT3 is high. The RT3 sample sets the noise flag. Although the
perceived bit time is misaligned, the data samples RT8, RT9, and RT10 are within the bit time and data

recovery is successful.
’47 PERCEIVED STARTBIT —————»|
|€———— ACTUALSTARTBIT ————»|«——1SB
0 0 0 0 0 O

RTCLOCKCOUNT £ E

RESET RT CLOCK + + + + + +

Figure 1-15. Start Bit Search Example 2
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In Figure 1-16, a large burst of noise is perceived as the beginning of a start bit, although the test sample
at RT5 is high. The RT5 sample sets the noise flag. Although this is a worst-case misalignment of perceived
bit time, the data samples RT8, RT9, and RT10 are within the bit time and data recovery is successful.

\ /

T

PERCEIVED STARTBIT ——— |
j«————— ACTUALSTARTBIT ————F——»|«——|SB

Rx input Signal
SAMPLES 11

- - - - ™ < © I~ — o < © I~
RTCLOCKCOUNT E E E E E R EREERRE -2 @@ eggERgR
O o £« £ o o «co co o c.c c M b bbbk OOroOCoC o oc oo o ococ
C O C @ ©C o o
RESET RT CLOCK VYV Y

Figure 1-16. Start Bit Search Example 3

Figure 1-17 shows the effect of noise early in the start bit time. Although this noise does not affect proper
synchronization with the start bit time, it does set the noise flag.

j— PERCEIVED AND ACTUAL START BIT —»|a«—|SB

Rx Input Signal \ |_| /

SAMPLES 1 1t 1 1 1+ 1 1 1 1 0 1 0

— - = = ™= = ™= ¥ *+™ ¥ &N M St I © I~ O O O +~ N ™ < 1 ©W - N ™
RTCLOCKCOWNT & E E E E E E E EE EEEEREEEE EEECEEEER TR
RESETRTCLOCK ¥ Y ¥V ¥V ¥V V¥V V V ¥ v

Figure 1-17. Start Bit Search Example 4
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Figure 1-18 shows a burst of noise near the beginning of the start bit that resets the RT clock. The sample
after the reset is low but is not preceded by three high samples that would qualify as a falling edge.
Depending on the timing of the start bit search and on the data, the frame may be missed entirely or it may
set the framing error flag.

[ STARTBIT ———————»|«——1SB

Rx Input Signal \ M Il NO START BIT FOUND —

SAMPLES 1+ 1t 1 1 1 1 1 1 1 0 0 1 10 0 0 0 0 0 0 O
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RTCLOCKCOUNT E E E E E E EFE E EE EEFEEEFEEEEEEEEEEEEEE E
O @£ ra@Coc>rf@XxohC@Drhf @ @Cf@C@X @@ @O M@ @ @ o oo o re T

RESETRTCLOCK ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ PY Y Y Y Y YYYYROYOYY

Figure 1-18. Start Bit Search Example 5

In Figure 1-19, a noise burst makes the majority of data samples RT8, RT9, and RT10 high. This sets the
noise flag but does not reset the RT clock. In start bits only, the RT8, RT9, and RT10 data samples are
ignored.

[ STARTBIT ———————»}«——1SB

Rx Input Signal \ |_| |_| /7

SAMPLES 1t 1t 1 1 1 1 1 1 1

- o o o o o o o =

RESETRTCLOCK ¥ ¥y ¥ V V¥V ¥V V¥ ¥V ¥ vV

Figure 1-19. Start Bit Search Example 6
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1.44.4 Framing Errors

If the data recovery logic does not detect a logic 1 where the stop bit should be in an incoming frame, it
sets the framing error flag, FE, in SCI status register 1 (SCISR1). A break character also sets the FE flag
because a break character has no stop bit. The FE flag is set at the same time that the RDRF flag is set.

1.4.45 Baud Rate Tolerance

A transmitting device may be operating at a baud rate below or above the receiver baud rate. Accumulated
bit time misalignment can cause one of the three stop bit data samples (RT8, RT9, and RT10) to fall outside
the actual stop bit.A noise error will occur if the RT8, RT9, and RT10 samples are not all the same logical
values. A framing error will occur if the receiver clock is misaligned in such a way that the majority of the
RT8, RT9, and RT10 stop bit samples are a logic zero.

As the receiver samples an incoming frame, it re-synchronizes the RT clock on any valid falling edge
within the frame. Re synchronization within frames will correct a misalignment between transmitter bit
times and receiver bit times.

1.4.45.1 Slow Data Tolerance

Figure 1-20 shows how much a slow received frame can be misaligned without causing a noise error or a
framing error. The slow stop bit begins at RT8 instead of RT1 but arrives in time for the stop bit data
samples at RT8, RT9, and RT10.

MSB >/ STOP
RECENERMFMUW
RT CLOCK

E 2R 2R e ER2R 2 =82 2 2 2
DATA
SAMPLES

Figure 1-20. Slow Data

Let’s take RTr as receiver RT clock and RTt as transmitter RT clock.

For an 8-bit data character, it takes the receiver 9 bit times x 16 RTr cycles +7 RTr cycles =151 RTr cycles
to start data sampling of the stop bit.

With the misaligned character shown in Figure 1-20, the receiver counts 151 RTr cycles at the point when
the count of the transmitting device is 9 bit times x 16 RTt cycles = 144 RTt cycles.

The maximum percent difference between the receiver count and the transmitter count of a slow 8-bit data
character with no errors is:
((151 - 144) / 151) x 100 = 4.63%

For a 9-bit data character, it takes the receiver 10 bit times x 16 RTr cycles + 7 RTr cycles = 167 RTr cycles
to start data sampling of the stop bit.
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With the misaligned character shown in Figure 1-20, the receiver counts 167 RTr cycles at the point when
the count of the transmitting device is 10 bit times x 16 RTt cycles = 160 RTt cycles.

The maximum percent difference between the receiver count and the transmitter count of a slow 9-bit
character with no errors is:

((167 — 160) / 167) X 100 = 4.19%

1.4.45.2 Fast Data Tolerance

Figure 1-21 shows how much a fast received frame can be misaligned. The fast stop bit ends at RT10
instead of RT16 but is still sampled at RT8, RT9, and RT10.
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Figure 1-21. Fast Data

For an 8-bit data character, it takes the receiver 9 bit times x 16 RTr cycles + 10 RTr cycles = 154 RTr
cycles to finish data sampling of the stop bit.

With the misaligned character shown in Figure 1-21, the receiver counts 154 RTr cycles at the point when
the count of the transmitting device is 10 bit times x 16 RTt cycles = 160 RTt cycles.

The maximum percent difference between the receiver count and the transmitter count of a fast 8-bit
character with no errors is:
((160 — 154) / 160) x 100 = 3.75%

For a 9-bit data character, it takes the receiver 10 bit times x 16 RTr cycles + 10 RTr cycles = 170 RTr
cycles to finish data sampling of the stop bit.

With the misaligned character shown in Figure 1-21, the receiver counts 170 RTr cycles at the point when
the count of the transmitting device is 11 bit times x 16 RTt cycles = 176 RTt cycles.

The maximum percent difference between the receiver count and the transmitter count of a fast 9-bit
character with no errors is:
((176 —170) / 176) x 100 = 3.40%

1.4.4.6 Receiver Wakeup

To enable the SCI to ignore transmissions intended only for other receivers in multiple-receiver systems,
the receiver can be put into a standby state. Setting the receiver wakeup bit, RWU, in SCI control register
2 (SCICR?2) puts the receiver into standby state during which receiver interrupts are disabled. The SCI will
still load the receive data into the SCIDRH/L registers, but it will not set the RDRF flag.
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The transmitting device can address messages to selected receivers by including addressing information
in the initial frame or frames of each message.

The WAKE bit in SCI control register 1 (SCICR1) determines how the SCI is brought out of the standby
state to process an incoming message. The WAKE bit enables either idle line wakeup or address mark
wakeup.

1446.1 Idle Input Line Wakeup (WAKE = 0)

In this wakeup method, an idle condition on the Rx Input signal clears the RWU bit and wakes up the SCI.
The initial frame or frames of every message contain addressing information. All receivers evaluate the
addressing information, and receivers for which the message is addressed process the frames that follow.
Any receiver for which a message is not addressed can set its RWU bit and return to the standby state. The
RWU bit remains set and the receiver remains on standby until another idle character appears on the Rx
Input signal.

Idle line wakeup requires that messages be separated by at least one idle character and that no message
contains idle characters.

The idle character that wakes a receiver does not set the receiver idle bit, IDLE, or the receive data register
full flag, RDRF.

The idle line type bit, ILT, determines whether the receiver begins counting logic 1s as idle character bits
after the start bit or after the stop bit. ILT is in SCI control register 1 (SCICR1).

1.4.46.2 Address Mark Wakeup (WAKE =1)

In this wakeup method, a logic 1 in the most significant bit (msb) position of a frame clears the RWU bit
and wakes up the SCI. The logic 1 in the msb position marks a frame as an address frame that contains
addressing information. All receivers evaluate the addressing information, and the receivers for which the
message is addressed process the frames that follow.Any receiver for which a message is not addressed can
set its RWU bit and return to the standby state. The RWU bit remains set and the receiver remains on
standby until another address frame appears on the Rx Input signal.

The logic 1 msb of an address frame clears the receiver’s RWU bit before the stop bit is received and sets
the RDRF flag.

Address mark wakeup allows messages to contain idle characters but requires that the msb be reserved for
use in address frames.{sci_wake}
NOTE

With the WAKE bit clear, setting the RWU bit after the Rx Input signal has
been idle can cause the receiver to wake up immediately.
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1.4.5 Single-Wire Operation

Normally, the SCI uses two pins for transmitting and receiving. In single-wire operation, the RXD pin is
disconnected from the SCI. The SCI uses the TXD pin for both receiving and transmitting.

TRANSMITTER » IXOUTPUT SIGNAL

—— Tx INPUT SIGNAL

RECEIVER - RXD

Figure 1-22. Single-Wire Operation (LOOPS =1, RSRC = 1)

Enable single-wire operation by setting the LOOPS bit and the receiver source bit, RSRC, in SCI control
register 1 (SCICR1). Setting the LOOPS bit disables the path from the Rx Input signal to the receiver.
Setting the RSRC bit connects the receiver input to the output of the TXD pin driver. Both the transmitter
and receiver must be enabled (TE = 1 and RE = 1).The TXDIR bit (SCISR2[1]) determines whether the
TXD pin is going to be used as an input (TXDIR = 0) or an output (TXDIR = 1) in this mode of operation.

1.4.6 Loop Operation

In loop operation the transmitter output goes to the receiver input. The Rx Input signal is disconnected
from the SCI

TRANSMITTER » Tx OUTPUT SIGNAL

RECEIVER < RXD

Figure 1-23. Loop Operation (LOOPS =1, RSRC =0)

Enable loop operation by setting the LOOPS bit and clearing the RSRC bit in SCI control register 1
(SCICR1). Setting the LOOPS bit disables the path from the Rx Input signal to the receiver. Clearing the
RSRC bit connects the transmitter output to the receiver input. Both the transmitter and receiver must be
enabled (TE =1 and RE = 1).

1.5 Initialization Information

151 Reset Initialization

The reset state of each individual bit is listed in Section 1.3, “Memory Map and Registers” which details
the registers and their bit fields. All special functions or modes which are initialized during or just
following reset are described within this section.

Freescale Semiconductor 27



Serial Communications Interface (S12SCIV2) Block Description

15.2

1521

Interrupt Operation

System Level Interrupt Sources

There are five interrupt sources that can generate an SCI interrupt in to the CPU. They are listed in

Table 1-14.

Table 1-14. SCI Interrupt Source

Interrupt Source Flag Local Enable
Transmitter TDRE TIE
Transmitter TC TCIE

Receiver RDRF RIE
OR
Receiver IDLE ILIE

28
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1.52.2 Interrupt Descriptions

The SCI only originates interrupt requests. The following is a description of how the SCI makes a request
and how the MCU should acknowledge that request. The interrupt vector offset and interrupt number are
chip dependent. The SCI only has a single interrupt line (SCI Interrupt Signal, active high operation) and
all the following interrupts, when generated, are ORed together and issued through that port.

15221 TDRE Description

The TDRE interrupt is set high by the SCI when the transmit shift register receives a byte from the SCI
data register. A TDRE interrupt indicates that the transmit data register (SCIDRHY/L) is empty and that a
new byte can be written to the SCIDRH/L for transmission.Clear TDRE by reading SCI status register 1
with TDRE set and then writing to SCI data register low (SCIDRL).

1.5.2.2.2 TC Description

The TC interrupt is set by the SCI when a transmission has been completed.A TC interrupt indicates that
there is no transmission in progress. TC is set high when the TDRE flag is set and no data, preamble, or
break character is being transmitted. When TC is set, the TXD pin becomes idle (logic 1). Clear TC by
reading SCI status register 1 (SCISR1) with TC set and then writing to SCI data register low (SCIDRL).TC
is cleared automatically when data, preamble, or break is queued and ready to be sent.

1.5.2.2.3 RDRF Description

The RDRF interrupt is set when the data in the receive shift register transfers to the SCI data register. A
RDREF interrupt indicates that the received data has been transferred to the SCI data register and that the
byte can now be read by the MCU. The RDRF interrupt is cleared by reading the SCI status register one
(SCISR1) and then reading SCI data register low (SCIDRL).

15224 OR Description

The OR interrupt is set when software fails to read the SCI data register before the receive shift register
receives the next frame. The newly acquired data in the shift register will be lost in this case, but the data
already in the SCI data registers is not affected. The OR interrupt is cleared by reading the SCI status
register one (SCISR1) and then reading SCI data register low (SCIDRL).

1.5.2.3 IDLE Description

The IDLE interrupt is set when 10 consecutive logic 1s (if M = 0) or 11 consecutive logic 1s (if M = 1)
appear on the receiver input. Once the IDLE is cleared, a valid frame must again set the RDRF flag before
an idle condition can set the IDLE flag. Clear IDLE by reading SCI status register 1 (SCISR1) with IDLE
set and then reading SCI data register low (SCIDRL).

1.5.3 Recovery from Wait Mode

The SCI interrupt request can be used to bring the CPU out of wait mode.
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Section 1 Introduction

1.1 Overview

The SPI module allows a duplex, synchronous, serial communication between the MCU and peripheral
devices. Software can poll the SPI status flags or the SPI operation can be interrupt driven.

1.2 Features

The SPI includes these distinctive features:
* Master mode and slave mode
» Bi-directional mode
» Slave select output
* Mode fault error flag with CPU interrupt capability
* Double-buffered operation
» Serial clock with programmable polarity and phase
» Control of SPI operation during wait mode

1.3 Modes of Operation

The SPI functions in three modes, run, wait, and stop.

* Run Mode
This is the basic mode of operation.
* Wait Mode

SPI operation in wait mode is a configurable low power mode. Depending on the state of internal
bits, the SPI can operate normally when the CPU is in wait mode or the SPI clock generation can
be turned off and the SPI module enters a power conservation state during wait mode. During wait
mode, any master transmission in progress stops if the SPISWAI bit is set in the SPI control
register2. Reception and transmission of a byte as slave continues so that the slave is synchronizec
to the master.

» Stop Mode

The SPI is inactive in stop mode for reduced power consumption. The STOP instruction does not
affect or depend on SPI register states. Again, reception and transmission of a byte as slave
continues to stay synchronized with the master.

This is a high level description only, detailed descriptions of operating modes are contained in&&ction
Low Power Mode Options
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1.4 Block Diagram

Figure 1-1 is a general block diagram of the SPI.
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| r-———=-=-=-=- = A
| DIVIDER | | M
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| SPI DATA REGISTER |
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| 11 i - 4
FEE gy | coffor|a—m
o [a
| S| 5|6 Ao I LOGIC SS
| SPI BAUD RATE REGISTER I BAUD CLOCK_
I A | MUXED CLOCK | cLock > @—P SCK
T [ 2 Locic | "
Y I 1 1
SPI CONTROL
w SEIN:
& b é 2 858 4
&t ” 1= A b BiDIROE
Eag  J \  J SPCO
o
P g SPI STATUS REGISTER SPI CONTROL REGISTER 1 SPI CONTROL REGISTER 2
=
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Figure 1-1 SPI Block Diagram
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Section 2 Signal Description

2.1 Overview

This section lists the name and description of all ports including inputs and outputs that do, or may, connect
off chip. The SPI module has a total of 4 external pins.

2.2 Detailed Signal Descriptions

2.2.1 MOSI

This pin is used to transmit data out of the SPI module when it is configured as a Master and receive data
when it is configured as slave.

2.2.2 MISO

This pin is used to transmit data out of the SPI module when it is configured as a Slave and receive datz
when it is configured as Master.

2.2.3 SS

This pin is used to output the select signal from the SPI module to another peripheral with which a data
transfer is to take place.

2.2.4 SCK

This pin is used to output the clock with respect to which the SPI transfers data or receive clock in case of
Slave.
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Section 3 Memory Map and Registers

3.1 Overview

This section provides a detailed description of all memory and registers accessible to the end user.

3.2 Module Memory Map

The memory map for the SPI is given belowTiable 3-1. The address listed for each register is the sum

of a base address and an address offset. The base address is defined at the SoC level and the address off
is defined at the module level. Reads from the reserved bits return zeros and writes to the reserved bits
have no effect.

Table 3-1 Module Memory Map

Address Use Access
$ O SPI Control Register 1 (SPICR1) Read / Write
$ 1 SPI Control Register 2 (SPICR2) Read / Write 1
$ 2 SPI Baud Rate Register (SPIBR) Read / Write 1
$ 3 SPI Status Register (SPISR) Read 2
$ 4 Reserved __ 23
$ 5 SPI Data Register (SPIDR) Read / Write
$ 6 Reserved —23
$_ 7 Reserved —23

NOTES:

1. Certain bits are non-writable.
2. Writes to this register are ignored.
3. Reading from this register returns all zeros.

3.3 Register Descriptions

This section consists of register descriptions in address order. Each description includes a standard registe
diagram with an associated figure number. Details of register bit and field function follow the register
diagrams, in bit order.
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3.3.1 SPI Control Register 1

Register Address: $ 0

Bit 7 6 5 4 3 2 1 Bit 0
\;T/ SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE
Reset: 0 0 0 0 0 1 0 0

Figure 3-2 SPI Control Register 1 (SPICR1)

Read: anytime
Write: anytime

SPIE — SPI Interrupt Enable Bit

This bit enables SPI interrupts each time the SPIF or MODF status flag is set.
1 = SPI interrupts enabled.
0 = SPI interrupts disabled.

SPE — SPI System Enable Bit

This bit enables the SPI system and dedicates the SPI port pins to SPI system functions.
1 = SPI port pins are dedicated to SPI functions.
0 = SPI disabled (lower power consumption).

SPTIE — SPI Transmit Interrupt Enable
This bit enables SPI interrupt generated each time the SPTEF flag is set.

1 = SPTEF interrupt enabled.
0 = SPTEF interrupt disabled.

MSTR — SPI Master/Slave Mode Select Bit
1 = Master mode
0 = Slave mode

CPOL — SPI Clock Polarity Bit

This bit selects an inverted or non-inverted SPI clock. To transmit data between SPI modules, the SPI
modules must have identical CPOL values.

1 = Active-low clocks selected; SCK idles high

0 = Active-high clocks selected; SCK idles low

CPHA — SPI Clock Phase Bit

This bit is used to shift the SCK serial clock.
1 = The first SCK edge is issued at the beginning of the 8-cycle transfer operation
0 = The first SCK edge is issued one-half cycle into the 8-cycle transfer operation
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SSOE — Slave Select Output Enable

TheSS output feature is enabled only in the master mode by asserting the SSOE as Slatwen in
3-2.

Table 3-2 SS Input / Output Selection

'\IQI(EDI\[I) SSOE Master Mode Slave Mode
0 0 SS not used by SPI SS input
0 1 SS not used by SPI SS input
1 0 SS input with MODF feature SS input
1 1 SS output SS input

LSBFE — SPI LSB-First Enable

This bit does not affect the position of the msb and Isb in the data register. Reads and writes of the data
register always have the msb in bit 7.

1 = Data is transferred least significant bit first.

0 = Data is transferred most significant bit first.

3.3.2 SPI Control Register 2

Register Address: $___ 1

Bit 7 6 5 4 3 2 1 Bit 0
\;T/ 0 0 0 MODFEN | BIDIROE 0 SPISWAI SPCO
Reset: 0 0 0 0 0 0 0 0

Figure 3-3 SPI Control Register 2 (SPICR2)

Read: anytime
Write: anytime; writes to the reserved bits have no effect

MODFEN — Mode Fault Enable Bit

This bit when set allows the MODF flag to be set. If the MODF flag is set, clearing the MODFEN does
not clear the MODF flag. If the SPI is enabled as master and the MODFEN bit is low, th&Sthia
is not used by the SPI.

When the SPI is enabled as a slave SBds available only as an input regardless of the value of
MODFEN.

1 = Enable setting the MODF error

0 = Disable the MODF error
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BIDIROE — Output enable in the Bidirectional mode of operation

This bit along with the MSTR bit of SPCRL1 is used to enable the output buffer when the SPI is
configured in bidirectional mode.

1 = Output buffer enabled
0 = Output buffer disabled

SPISWAI — SPI Stop in Wait Mode Bit

This bit is used for power conservation while in wait mode.
1 = Stop SPI clock generation when in wait mode
0 = SPI clock operates normally in wait mode

SPCO — Serial Pin Control Bit 0
With the MSTR control bit, this bit enables bidirectional pin configurations as shovabla 3-3.

Table 3-3 Bidirectional Pin Configurations

Pin Mode SPCO MSTR MiIsol! | mMosI?2 Sck 3 Ss4
A 0 Slave Out Slave In SCKin SSin
_— Normal 0 —
B 1 Master In | Master Out SCK out SS1/0
c| ... . 0 Slave 1/0 SCK in SSin
—! Bidirectional 1 —
D 1 — Master 1/O SCK out SS1/0
NOTES:

1. Slave output is enabled if BIDIROE bit = 1, SS = 0, and MSTR = 0 (C)
2. Master output is enabled if BIDIROE bit =1 and MSTR = 1 (D)
3. SCK output is enabled if MSTR = 1 (B, D)

4. SS output is enabled if MODFEN bit = 1, SSOE =1, and MSTR =1 (B, D).

3.3.3 SPI Baud Rate Register

Register Address: $ 2
Bit 7 6 5

4 3 2 1 Bit 0
R 0 0
W SPPR2 SPPR1 SPPRO SPR2 SPR1 SPRO
Reset: 0 0 0 0 0 0 0 0

Figure 3-4 SPI Baud Rate Register (SPIBR)

Read: anytime

Write: anytime; writes to the reserved bits have no effect

NOTE: Writing to this register during data transfers may cause spurious results.

16
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SPPR2-SPPR0O — SPI Baud Rate Preselection Bits
SPR2-SPR0O — SPI Baud Rate Selection Bits

These bits specify the SPI baud rates as shown in the table below

The baud rate divisor equation is as follows

BaudRateDivisor = (SPPR+1)+ o(SPR+1)

Baud Rate = Bus clock / BaudRateDivisor

Table 3-4 SPI Baud Rate Selection

SPI Module
Clock Divisor

2
4
8
16
32
64
128
256

SPPR2 | SPPR1 | SPPRO | SPR2 SPR1 SPRO

16

32

64
128
256
512

12
24
48
96
192
384
768

16

32

64
128
256

o|lo|o|lo|lo|o|lo|lo|o|lo|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
Pl kRl kR k| r|lo]lo|lolo|o|o|lo|o|o|o|o|o|o|o| oo
Pl r|lo|lolo|o|lo|lo|lo|o|lr|r|r|r|r|r|r|lr|lololo|olo|o|o|lo
Frlr|lolo|lolo|lr|r|r|r|lololo|lolr|r|r|r|lolololo|r|r|r|r|lolo|lolo
o|lo|r|r|lo|lo|lr|r|lolo|lr|r|lolo|r|lr|lololr|lr|lolo|lr|r|lolo|rlkr|lolo
rlolr|lo|lr|lolr|olr|o|lr|lolr|olr|lo|lr|lo|lr|olr|lo|lr|lo|lr|olr|o|lr|lo
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Table 3-4 SPI Baud Rate Selection

SPI Module
Clock Divisor

512
1024

10
20
40

80
160
320
640

1280

12
24
48

96
192
384
768

1536

14
28
56
112
224
448
896
1792

16
32

64
128
256
512

1024
2048

SPRO

SPR1

SPR2

SPPRO

SPPR1

SPPR2

DIV2 and DIV4 are not supported in slave mode of SPI.

NOTE:
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3.3.4 SPI Status Register

Register Address: $ 3

Bit 7 6 5 4 3 2 1 Bit 0
R SPIF 0 SPTEF MODF 0 0 0 0
W
Reset: 0 0 1 0 0 0 0 0

Figure 3-5 SPI Status Register (SPISR)

Read: anytime
Write: has no effect

SPIF — SPIF Interrupt Flag

This bit is set after the eighth SCK cycle in a data transfer and is cleared by reading the SPISR register
(with SPIF set) followed by a read access to the SPI data register.

1 = New data Copied to SPIDR

0 = Transfer not yet complete

SPTEF — SPI Transmit Empty Interrupt Flag

This bitis setwhen there is room in the transmit data buffer. Itis cleared by reading SPISR with SPTEF
set, followed by writing a data value to the transmit buffer at SPIDR.SPISR must be read with
SPTEF=1 before writing data to SPIDR or the SPIDR write will be ignored. SPTEF generates an
SPTEF CPU interrupt request if the SPTIE bit in the SPICRL1 is also set.SPTEF is automatically set
when a data byte transfers from the transmit buffer into the transmit shift register. For an idle SPI (no
data in the transmit buffer or the shift register and no transfer in progress), data written to SPIDR is
transferred to the shifter almost immediately so SPTEF is set within two bus cycles allowing a second
8-bit data value to be queued into the transmit buffer. After completion of the transfer of the value in
the shift register, the queued value from the transmit buffer will automatically move to the shifter and
SPTEF will be set to indicate there is room for new data in the transmit buffer. If no new data is waiting
in the transmit buffer, SPTEF simply remains set and no data moves from the buffer to the shifter.

1 = SPI Data register empty

0 = SPI Data register not empty

NOTE: Do not write to the SPI data register unless the SPTEF bit is high. Any such write
to the SPI Data Register before reading SPTEF=1 is effectively ignored

MODF — Mode Fault Flag

This bit is set if theSS input becomes low while the SPI is configured as a master. The flag is cleared
automatically by a read of the SPI status register (with MODF set) followed by a write to the SPI
control register 1. The MODF flag is set only if the MODFEN bit of SPICR2 register is set. Refer to
MODFEN bit description ir8.3.2 SPI Control Register 2 .

1 = Mode fault has occurred.

0 = Mode fault has not occurred.
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3.3.5 SPI Data Register

Register Address: $ 5

Bit 7 6 5 4 3 2 1 Bit 0
R . .
W Bit 7 6 5 4 3 2 2 Bit 0
Reset: 0 0 0 0 0 0 0 0

Figure 3-6 SPI Data Register (SPIDR)

Read: anytime; normally read only after SPIF is set
Write: anytime; see SPTEF

The SPI Data register is both the input and output register for SPI data. A write to this register allows
a data byte to be queued and transmitted. For a SPI configured as a master, a queued data byte is
transmitted immediately after the previous transmission has completed. The SPI Transmitter empty
flag in SPISR indicates when the SPI data register is ready to accept new data.

NOTE: Do not write to the SPI data register unless the SPTEF bit is high.

Reading the data can occur anytime from after the SPIF is set to before the end of the next transfer. If
the SPIF is not serviced by the end of the successive transfers, those data bytes are lost and the dat
within the SPIDR retains the first byte until SPIF is serviced.

NOTE: After reset the content of the SPI Shift Register is undefined until a data byte is
stored into SPIDR.
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Section 4 Functional Description

4.1 General

The SPI module allows a duplex, synchronous, serial communication between the MCU and peripheral
devices. Software can poll the SPI status flags or SPI operation can be interrupt driven.

The SPI system is enabled by setting the SPI enable (SPE) bit in SPI control register 1. While SPE is set,
the four associated SPI port pins are dedicated to the SPI function as:

» Slave select§S)

» Serial clock (SCK)

* Master out/slave in (MOSI)
* Master in/slave out (MISO)

The main element of the SPI system is the SPI data register. The 8-bit data register in the master and tt
8-bit data register in the slave are linked by the MOSI and MISO pins to form a distributed 16-bit register.
When a data transfer operation is performed, this 16-bit register is serially shifted eight bit positions by the
SCK clock from the master; data is exchanged between the master and the slave. Data written to the maste
SPI data register becomes the output data for the slave, and data read from the master SPI data registe
after a transfer operation is the input data from the slave.

A write to the SPI data register puts data into the transmit buffer if the previous transmission was complete.
When a transfer is complete, received data is moved into a receive data register. Data may be read fron
this double-buffered system any time before the next transfer is complete. This 8-bit data register acts a
the SPI receive data register for reads and as the SPI transmit data register for writes. A single SPI registe:
address is used for reading data from the read data buffer and for writing data to the shifter.

The clock phase control bit (CPHA) and a clock polarity control bit (CPOL) in the SPI control register 1
select one of four possible clock formats to be used by the SPI system. The CPOL bit simply selects a
non-inverted or inverted clock. The CPHA bit is used to accommodate two fundamentally different
protocols by shifting the clock by a half cycle or by not shifting the clock4ge€ransmission

Formats).

The SPI can be configured to operate as a master or as a slave. When MSTR in SPI control registerl is sel
the master mode is selected; when the MSTR bit is clear, the slave mode is selected.

4.2 Master Mode

The SPI operates in master mode when the MSTR bit is set. Only a master SPI module can initiate
transmissions. A transmission begins by writing to the master SPI data register. If the shift register is
empty, the byte immediately transfers to the shift register. The byte begins shifting out on the MOSI pin
under the control of the serial clock.

The SPR2, SPR1, and SPRO baud rate selection bits in conjunction with the SPPR2, SPPR1, and SPPF
baud rate preselection bits in the SPI baud rate register control the baud rate generator and determine th
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speed of the shift register. The SCK pin is the SPI clock output. Through the SCK pin, the baud rate
generator of the master controls the shift register of the slave peripheral.

In master mode, the function of the serial data output pin (MOSI) and the serial data input pin (MISO) is
determined by the SPCO and MSTR control bits.

TheSS pin is normally an input which should remain in the inactive high state. However, in the master
mode, if both MODFEN bit and SSOE bit are set, therS®ein is the slave select output.

TheSS output becomes low during each transmission and is high when the SP1 is in the idling state. If the
SS input becomes low while the SPI is configured as a master, it indicates a mode fault error where more
than one master may be trying to drive the MOSI and SCK lines simultaneously. In this case, the SPI
immediately clears the output buffer enables associated with the MISO, MOSI (or MOMI), and SCK pins
so that these pins become inputs. This mode fault error also clears the MSTR control bit and sets the mode
fault (MODF) flag in the SPI status register. If the SPI interrupt enable bit (SPIE) is set when the MODF
bit gets set, then an SPI interrupt sequence is also requested

When a write to the SPI data register in the master occurs, there is a half SCK-cycle delay. After the delay,
SCK s started within the master. The rest of the transfer operation differs slightly, depending on the clock
format specified by the SPI clock phase bit, CPHA, in SPI control register 4.4s€ensmission

Formats).

4.3 Slave Mode

The SPI operates in slave mode when the MSTR bit in SPI control registerl is clear. In slave mode, SCK
is the SPI clock input from the master, a8 is the slave select input. Before a data transmission occurs,
the SS pin of the slave SPI must be at logi&8.must remain low until the transmission is complete.

In slave mode, the function of the serial data output pin (MISO) and serial data input pin (MOSI) is
determined by the SPCO bit in SPI control register 2 and the MSTR control bit. While in slave mode, the
SS input controls the serial data output pir§¥ is high (not selected), the serial data output pin is high
impedance, and, BS is low the first bit in the SPI data register is driven out of the serial data output pin.
Also, if the slave is not selecte&8 is high), then the SCK input is ignored and no internal shifting of the
SPI shift register takes place.

Although the SPI is capable of duplex operation, some SPI peripherals are capable of only receiving SPI
data in a slave mode. For these simpler devices, there is no serial data out pin.

NOTE: When peripherals with duplex capability are used, take care not to simultaneously
enable two receivers whose serial outputs drive the same system slave’s serial data
output line.

As long as no more than one slave device drives the system slave’s serial data output line, it is possible for
several slaves to receive the same transmission from a master, although the master would not receive
return information from all of the receiving slaves.

If the CPHA bit in SPI control register 1 is clear, odd humbered edges on the SCK input cause the data at
the serial data input pin to be latched. Even numbered edges cause the value previously latched from tr
serial data input pin to shift into the LSB of the SPI shifter.
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If the CPHA bit is set, even numbered edges on the SCK input cause the data at the serial data input pi
to be latched. Odd numbered edges cause the value previously latched from the serial data input pin to shif
into the LSB of the SPI shifter.

NOTE: In slave mode, the control bits CPHA and CPOL of the SPI should be configured
only when SPl is disabled else it may lead to incorrect data transfer. Care must be
taken to avoid driver collisions in SPI disabled state, because SPI port pins are then
not under the control of the SPI. For recommended actions refer to the Device User
Guide, SPI section.

When CPHA is set, the first edge is used to get the first data bit onto the serial data output pin. When CPHA
is clear and th&S input is low (slave selected), the first bit of the SPI data is driven out of the serial data

output pin. After the eighth shift, the transfer is considered complete and the received data is transferrec
into the SPI data register. To indicate transfer is complete, the SPIF flag in the SPI status register is set.

4.4 Transmission Formats

During an SPI transmission, data is transmitted (shifted out serially) and received (shifted in serially)
simultaneously. The serial clock (SCK) synchronizes shifting and sampling of the information on the two
serial data lines. A slave select line allows selection of an individual slave SPI device; slave devices that
are not selected do not interfere with SPI bus activities. Optionally, on a master SPI device, the slave select
line can be used to indicate multiple-master bus contention.

MASTER SPI SLAVE SPI

1| miso MISO
SHIFT REGISTER I:

A MOSI MOSI

> SHIFTREGISTER
A

SCK SCK

BAUD RATE _ _

GENERATOR S5 y 55

VVV DD

Figure 4-1 Master/Slave Transfer Block Diagram

4.4.1 Clock Phase and Polarity Controls

Using two bits in the SPI control registerl, software selects one of four combinations of serial clock phase
and polarity.

The CPOL clock polarity control bit specifies an active high or low clock and has no significant effect on
the transmission format.

The CPHA clock phase control bit selects one of two fundamentally different transmission formats.
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Clock phase and polarity should be identical for the master SPI device and the communicating slave
device. In some cases, the phase and polarity are changed between transmissions to allow a master devit
to communicate with peripheral slaves having different requirements.

NOTE: Itisrecommended that software writes to the SPI control register to change CPHA,
CPOL or MSTR bits only in the idle state of the SPI. If these bits are changed during
the transmission, data transmission gets corrupted.

4.4.2 CPHA =0 Transfer Format

The first edge on the SCK line is used to clock the first data bit of slave into the master and the first date
bit of master into the slave. In some peripherals, the first bit of the slave's data is available at the slave data
out pin as soon as the slave is selected. In this format, the first SCK edge is not issued until a half cycle
into the 8-cycle transfer operation. The first edge of SCK is delayed a half cycle by clearing the CPHA bit.

The SCK output from the master remains in the inactive state for a half SCK period before the first edge
appears. A half SCK cycle later, the second edge appears on the SCK line. When this second edge occurs
the value previously latched from the serial data input pin is shifted into the LSB of the shifter.

After this second edge, the next bit of the SPI master data is transmitted out of the serial data output pin
of the master to the serial input pin on the slave. This process continues for a total of 16 edges on the SCK
line, with data being latched on odd numbered edges and shifted on even numbered edges.

Data reception is double buffered. Data is shifted serially into the SPI shift register during the transfer and
is transferred to the parallel SPI data register after the last bit is shifted in.

After the 16th (last) SCK edge:

» Datathat was previously in the master SPI data register should now be in the slave data register anc
the data that was in the slave data register should be in the master.

» The SPIF flag in the SPI status register is set indicating that the transfer is complete.

Figure 4-2 is atiming diagram of an SPI transfer where CPHA = 0. SCK waveforms are shown for CPOL
=0 and CPOL = 1. The diagram may be interpreted as a master or slave timing diagram since the SCK,
MISO, and MOSI pins are connected directly between the master and the slave. The MISO signal is the
output from the slave and the MOSI signal is the output from the maste8STpia of the master must

be either high or reconfigured as a general-purpose output not affecting the SPI.
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Transfer —— Begin End —»

SAMPLE | | | | | | | |
MOSI/MISO

e o | O O O O O |
CHANGEO —— X X X X X X X

MISO pin

If next transfer begins here

SEL SS (0)
Master only

|
SEL SS (1) -

>
i .

<4 <4 <>

t 4t

MSB first (LSBFE = 0): MSB Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 LSB Minimum 1/2 SCK
LSB first (LSBFE =1): LSB Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 MSB for ty, 4, t,

t_ = Minimum leading time before the first SCK edge

tr = Minimum trailing time after the last SCK edge

t; = Minimum idling time between transfers (minimum SS high time)

t., t, and t; are guaranteed for the master mode and required for the slave mode.

Figure 4-2 SPI Clock Format 0 (CPHA =0)

TheSS line should be deasserted at least for minimum idle time (half SCK cycle) between the successive
transfers $S should not be tied low all the times in this mode33fis not deasserted between the
successive transmission then the new byte written to the data register would not be transmitted, instead the
last received byte would be transmitted.

4.4.3 CPHA =1 Transfer Format

Some peripherals require the first SCK edge before the first data bit becomes available at the data out pin;
the second edge clocks data into the system. In this format, the first SCK edge is issued by setting the
CPHA bit at the beginning of the 8-cycle transfer operation.

The first edge of SCK occurs immediately after the half SCK clock cycle synchronization delay. This first
edge commands the slave to transfer its most significant data bit to the serial data input pin of the master

A half SCK cycle later, the second edge appears on the SCK pin. This is the latching edge for both the
master and slave.
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When the third edge occurs, the value previously latched from the serial data input pin is shifted into the
LSB of the SPI shifter. After this edge, the next bit of the master data is coupled out of the serial data output
pin of the master to the serial input pins on the slave.

This process continues for a total of 16 edges on the SCK line with data being latched on even numbered
edges and shifting taking place on odd numbered edges.

Data reception is double buffered; data is serially shifted into the SPI shift register during the transfer and
is transferred to the parallel SPI data register after the last bit is shifted in.

After the 16th SCK edge:

» Datathatwas previously in the SPI data register of the master is now in the data register of the slave,
and data that was in the data register of the slave is in the master.

» The SPIF flag bit in SPISR is set indicating that the transfer is complete.

Figure 4-3 shows two clocking variations for CPHA = 1. The diagram may be interpreted as a master or
slave timing diagram since the SCK, MISO, and MOSI pins are connected directly between the master and
the slave. The MISO signal is the output from the slave, and the MOSI signal is the output from the master.
TheSS line is the slave select input to the slave. F8@in of the master must be either high or
reconfigured as a general-purpose output not affecting the SPI.

Transfer <«—— Begin End ——»

S RUAVAUAVAVAVAWAURRRE

SAMPLE | | | | | | | |
MOSI/MISO

e o Lo 0 X X X -

CHANGE O —D
MISO pin

If next transfer begins here

SEL SS (0) )
Master only

SEL SS () )

<>
g <> <> <>

t o4
MSB first (LSBFE =0): MSB Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 LSB Minimum 1/2 SCK
LSB first (LSBFE = 1): LSB Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 MSB fortr, t, t

t_ = Minimum leading time before the first SCK edge

tr = Minimum trailing time after the last SCK edge

t; = Minimum idling time between transfers (minimum SS high time)

t., t, and t; are guaranteed for the master mode and required for the slave mode.

Figure 4-3 SPI Clock Format 1 (CPHA = 1)
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TheSS line can remain active low between successive transfers (can be tied low at all times). This format
is sometimes preferred in systems having a single fixed master and a single slave that drive the MISO date
line.

The SPI interrupt request flag (SPIF) is common to both the master and slave modes. SPIF gets set afte
the last SCK edge in a data transfer operation to indicate that the transfer is complete though transfer is
actually complete half SCK cycle later.

4.5 SPI| Baud Rate Generation

Baud rate generation consists of a series of divider stages. Six bits in the SPI baud rate register (SPPR:
SPPR1, SPPRO, SPR2, SPR1, and SPRO0) determine the divisor to the SPI module clock which results i
the SPI baud rate.

The SPI clock rate is determined by the product of the value in the baud rate preselection bits
(SPPR2-SPPRO0) and the value in the baud rate selection bits (SPR2—-SPRO0). The module clock divisor
equation is shown iRigure 4-4 .

When all bits are clear (the default condition), the SPI module clock is divided by 2. When the selection
bits (SPR2-SPRO0) are 001 and the preselection bits (SPPR2-SPPRO) are 000, the module clock diviso
becomes 4. When the selection bits are 010, the module clock divisor becomes 8 etc.

When the preselection bits are 001, the divisor determined by the selection bits is multiplied by 2. When
the preselection bits are 010, the divisor is multiplied by 3, etc. The two sets of selects allows the clock to
be divided by a non-power of two to achieve other baud rates such as divide by 6, divide by 10, etc.

The baud rate generator is activated only when the SPI is in the master mode and a serial transfer is taking
place. In the other cases, the divider is disabled to decrgaseirent.

BaudRateDivisor = (SPPR+1)« 2(SPR+1)

Figure 4-4 Baud Rate Divisor Equation

4.6 Special Features

4.6.1 SS Output

TheSS output feature automatically drives 8t pin low during transmission to select external devices
and drives it high during idle to deselect external devices. \8Beoutput is selected, t&& output pin
is connected to th8S input pin of the external device.

TheSS output is available only in master mode during normal SPI operation by asserting SSOE and
MODFEN bit as shown iffable 3-2.

The mode fault feature is disabled wH88 output is enabled.
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NOTE: Care must be taken when using 88 output feature in a multimaster system since
the mode fault feature is not available for detecting system errors between masters.

4.6.2 Bidirectional Mode (MOMI or SISO)

The bidirectional mode is selected when the SPCO bit is set in SPI control registef&b{set 1

Normal Mode and Bidirectional Mode). In this mode, the SPI uses only one serial data pin for the
interface with external device(s). The MSTR bit decides which pin to use. The MOSI pin becomes the
serial data I/0 (MOMI) pin for the master mode, and the MISO pin becomes serial data I/O (SISO) pin for
the slave mode. The MISO pin in the master mode and MOSI pin in the slave mode are not used by the
SPI in Bidirectional Mode.

Table 4-1 Normal Mode and Bidirectional Mode

When SPE =1 Master Mode MSTR = 1 Slave Mode MSTR =0
Serial Out »{ MOSI Serial In [« MOSI
Normal Mode
Serial In |- MISO Serial Out » MISO
Serial Out I/‘/ > MOMI Serial In |«
‘ : BIDIROE
Bidirectional Mode SPI
BIDIROE SPI
SPCO=1 seriat 1 | ’\L
eral In | Serial Out | > SISO

The direction of each serial 1/0 pin depends on the BIDIROE bit. If the pin is configured as an output,
serial data from the shift register is driven out on the pin. The same pin is also the serial input to the shift
register.

The SCK is output for the master mode and input for the slave mode.
TheSS is the input or output for the master mode, and it is always the input for the slave mode.

The bidirectional mode does not affect SCK &&Ifunctions.

4.7 Error Conditions

The SPI has one error condition:

« Mode fault error
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4.7.1 Mode Fault Error

If the SS input becomes low while the SPI is configured as a master, it indicates a system error where more
than one master may be trying to drive the MOSI and SCK lines simultaneously. This condition is not
permitted in normal operation; the MODF bit in the SPI status register is set automatically provided the
MODFEN bit is set.

In the special case where the MODFEN bit is cleared SBein is a general purpose input/output pin for

the SPI system configured in master mode. In this special case, the mode error function is inhibited and
MODF remains cleared. In case the SPI system is configured as a sl&®,dimeis a dedicated input

pin. Mode fault error doesn’t occur in slave mode.

When a mode fault error occurs, the MSTR bit in control register SPICR1 is cleared, MODF bit in the
status register is set and the output enable for the SCK, MISO and MOSI pins are de-asserted. So SCK
MISO and MOSI pins are forced to be high impedance inputs to avoid any possibility of conflict with
another output driver.

If the mode fault error occurs in the bidirectional mode for a SPI system configured in master mode, output
enable of the MOMI (MOSI in bidirectional mode) is cleared if it was set but MISO (SISO) is not affected.
No mode fault error occurs in the bidirectional mode for SPI system configured in slave mode.

The mode fault flag is cleared automatically by a read of the SPI status register (with MODF set) followed
by a write to SPI control register 1.

4.8 Low Power Mode Options

4.8.1 SPIin Run Mode

In run mode with the SPI system enable (SPE) bit in the SPI control register clear, the SPI system is in ¢
low-power, disabled state. SPI registers can still be accessed, but clocks to the core of this module are
disabled.

4.8.2 SPIl in Wait Mode

SPI operation in wait mode depends upon the state of the SPISWAI bit in SPI control register 2.

* If SPISWAI is clear, the SPI operates normally when the CPU is in wait mode

* If SPISWAI is set, SPI clock generation ceases and the SPI module enters a power conservation
state when the CPU is in wait mode.

— If SPISWAI is set and the SPI is configured for master, any transmission and reception in
progress stops at wait mode entry. The transmission and reception resumes when the SPI exits
wait mode.

— If SPISWAI is set and the SPI is configured as a slave, any transmission and reception in
progress continues if the SCK continues to be driven from the master. This keeps the slave
synchronized to the master and the SCK.
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If the master transmits several bytes while the slave is in wait mode, the slave will continue to
send out bytes consistent with the its operation mode at the start of wait mode (i.e. If the slave
is currently sending its SPIDR to the master, it will continue to send the same byte. Else if the
slave is currently sending the last received byte from the master, it will continue to send each
previous master byte).

NOTE: Care must be taken when expecting data from a master while the slave is in wait or
stop mode. Even though the shift register will continue to operate, the rest of the
SPI is shut down (i.e. a SPIF interrupt wilht be generated until exiting stop or
wait mode). Also, the byte from the shift register will not be copied into the SPIDR
register until after the slave SPI has exited wait or stop mode. A SPIF flag and
SPIDR copy is only generated if wait mode is entered or exited during a
transmission. If the slave enters wait mode in idle mode and exits wait mode in idle
mode, neither a SPIF nor a SPIDR copy will occur.

4.8.3 SPI in Stop Mode

Stop mode is dependent on the system. The SPI enters stop mode when the module clock is disabled (hel
high or low). If the SPI is in master mode and exchanging data when the CPU enters stop mode, the
transmission is frozen until the CPU exits stop mode. After stop, data to and from the external SPI is
exchanged correctly. In slave mode, the SPI will stay synchronized with the master.

The stop mode is equivalent to the wait mode with the SPISWAI bit set except that the stop mode is
dependent on the system and cannot be controlled with the SPISWAI bit.
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Section 5 Reset

5.1 General

The reset values of registers and signals are described in the Memory Map and Registers section of the
End User Guide (se®gection 3 Memory Map and Registerswhich details the registers and their
bit-fields.

* |f a data transmission occurs in slave mode after reset without a write to SPIDR, it will transmit
garbage, or the byte last received from the master before the reset.

* Reading from the SPIDR after reset will always read a byte of zeros.
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Section 6 Interrupts

The SPI only originates interrupt requests. The following is a description of how the SPI makes a request
and how the MCU should acknowledge that request. The interrupt vector offset and interrupt priority are
chip dependent.

6.1 Interrupt Operation

6.1.1 MODF

MODF occurs when the master detects an error oisS®@in. The master SPI must be configured for the
MODF feature (se@able 3-2 SS Input / Output Selection Once MODF is set, the current transfer is
halted and the following bit is changed:

« MSTR=0, The master bit in SPICR1 resets.

The MODF interrupt is reflected in the status register MODF flag. Clearing the flag will also clear the
interrupt. This interrupt will stay active while the MODF flag is set. MODF has an automatic clearing
process which is described3tB8.4 SPI Status Register

6.1.2 SPIF

SPIF occurs when the SPI receives/transmits the last SCK edge in a data transfer operation. Once SPIF i
set, it does not clear until it is serviced. SPIF has an automatic clearing process which is des&iBdd in

SPI Status Register . In the event that the SPIF is not serviced before the end of the next transfer (i.e.
SPIF remains active throughout another transfer), the latter transfers will be ignored and no new data will
be copied into the SPIDR.

6.1.3 SPTEF
SPTEF occurs when the SPI Data register transfers a byte into the transmit buffer Once SPTEF is set, i

does not clear until it is serviced. SPTEF has an automatic clearing process which is desgrdéd in
SPI Status Register .
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Appendix A Electrical Characteristics

A.1 General

Thisintroduction isintended to give an overview on several common topics like power supply, current
injection etc.

A.1.1 Parameter Classification

The electrical parameters shown in this supplement are guaranteed by various methods. To give the
customer a better understanding the following classification is used and the parameters are tagged
accordingly in the tables where appropriate.

P:

Those parameters are guaranteed during production testing on each individual device.

Those parameters are achieved by the design characterization by measuring a statistically relevant
sample size across process variations. They are regularly verified by production monitors.

Those parameters are achieved by design characterization on a small sample size from typical
devices. All values shown in the typical column are within this category.

Those parameters are derived mainly from simulations.
A.1.2 Power Supply

The MC9S12DT128 utilizes several pinsto supply power to the |/O ports, A/D converter, oscillator, PLL
and internal logic.

The VDDA, VSSA pair suppliesthe A/D converter and the resistor ladder of theinternal voltage regulator.

TheVDDX, VSSX, VDDR and VSSR pairs supply the 1/0 pins, VDDR supplies aso theinternal voltage
regulator.

VDD1, VSS1, VDD2 and VSS2 are the supply pinsfor the digital logic, VDDPLL, VSSPLL supply the
oscillator and the PLL.

VSS1 and VSS2 are internally connected by metal.

VDDA, VDDX, VDDR aswell asVSSA, VSSX, VSSR are connected by anti-parallel diodes for ESD
protection.
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NOTE: Inthefollowing context VDD5 is used for either VDDA, VDDR and VDDX; VS5
isused for either VSSA, VSSR and VSSX unless otherwise noted.
IDD5 denotes the sum of the currents flowing into the VDDA, VDDX and VDDR
pins.
VDD isused for VDD1, VDD2 and VDDPLL, VSSis used for VSS1, VS2 and
VSSPLL.
IDD is used for the sum of the currents flowing into VDD1 and VDD?2.

A.1.3 Pins

There are four groups of functional pins.
A.1.3.1 5V 1/O pins

Those /O pins have anominal level of 5V. Thisclass of pinsis comprised of all port I/O pins, the analog
inputs, BKGD pinand the RESET inputs. Theinternal structure of al those pinsisidentical, however some
of the functionality may be disabled. E.qg. for the analog inputs the output drivers, pull-up and pull-down
resistors are disabled permanently.

A.1.3.2 Analog Reference
This classis made up by thetwo VRH and VRL pins.
A.1.3.3 Oscillator

The pins XFC, EXTAL, XTAL dedicated to the oscillator have anominal 2.5V level. They are supplied
by VDDPLL.

A.1.3.4 TEST
This pinisused for production testing only.
A.1.3.5 VREGEN

This pin is used to enable the on chip voltage regulator.
A.1.4 Current Injection

Power supply must maintain regulation within operating Vpps or V pp range during instantaneous and
operating maximum current conditions. If positive injection current (Vi > Vpps) isgreater than | pps, the
injection current may flow out of VDD5 and could result in external power supply going out of regulation.
Insure external VDDS5 load will shunt current greater than maximum injection current. Thiswill be the
greatest risk when the MCU is not consuming power; e.g. if no system clock is present, or if clock rateis
very low which would reduce overall power consumption.
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A.1.5 Absolute Maximum Ratings

Absolute maximum ratings are stress ratings only. A functional operation under or outside those maxima
is not guaranteed. Stress beyond those limits may affect the reliability or cause permanent damage of the
device.

This device contains circuitry protecting against damage due to high static voltage or electrical fields;
however, it is advised that normal precautions be taken to avoid application of any voltages higher than
maximum-rated voltages to this high-impedance circuit. Reliability of operation is enhanced if unused
inputs are tied to an appropriate logic voltage level (e.g., either Vggs Or Vpps).

Table A-1 Absolute Maximum Ratings?

Num Rating Symbol Min Max Unit
1 I/0O, Regulator and Analog Supply Voltage Vpps -0.3 6.0 \%
2 Digital Logic Supply Voltage 2 Vbp -0.3 3.0 \%
3 PLL Supply Voltage @ VpppLL -0.3 3.0 V
4 Voltage difference VDDX to VDDR and VDDA Ayppx -0.3 0.3 \%
5 Voltage difference VSSX to VSSR and VSSA Dyssx -0.3 0.3 \%
6 Digital I/O Input Voltage VN -0.3 6.0 Y,
7 Analog Reference VR, VRL -0.3 6.0 \%
8 XFC, EXTAL, XTAL inputs Vv -0.3 3.0 \%
9 TEST input V1EST -0.3 10.0 \Y

Instantaneous Maximum Current

10 l -25 +25 mA
Single pin limit for all digital I/O pins 3 D
Instantaneous Maximum Current

11 ) o 4 o -25 +25 mA
Single pin limit for XFC, EXTAL, XTAL
Instantaneous Maximum Current

12 . T 5 IDT -0.25 0 mA
Single pin limit for TEST

13 Storage Temperature Range Tstg - 65 155 °C

NOTES:

1. Beyond absolute maximum ratings device might be damaged.

2. The device contains an internal voltage regulator to generate the logic and PLL supply out of the 1/O supply.
The absolute maximum ratings apply when the device is powered from an external source.

3. All digital I/O pins are internally clamped to Vggx and Vppx, Vssr and Vppg 0f Vgga and Vppa.

4. Those pins are internally clamped to Vggp | and Vpppy|.-

5. This pin is clamped low to Vggy, but not clamped high. This pin must be tied low in applications.

A.1.6 ESD Protection and Latch-up Immunity
All ESD testing isin conformity with CDF-AEC-Q100 Stress test qualification for Automotive Grade

Integrated Circuits. During the device qualification ESD stresses were performed for the Human Body
Model (HBM), the Machine Model (MM) and the Charge Device Model.
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A devicewill be defined asafailureif after exposure to ESD pulses the device no longer meetsthe device
specification. Complete DC parametric and functional testing is performed per the applicable device
specification at room temperature followed by hot temperature, unless specified otherwise in the device
specification.

Table A-2 ESD and Latch-up Test Conditions

Model Description Symbol Value Unit
Series Resistance R1 1500 Ohm
Storage Capacitance C 100 pF
Human Body Number of Pulse per pin -
positive - 3
negative 3
Series Resistance R1 0 Ohm
Storage Capacitance C 200 pF
Machine Number of Pulse per pin -
positive - 3
negative 3
Minimum input voltage limit -2.5 \%
Latch-up
Maximum input voltage limit 7.5 \%
Table A-3 ESD and Latch-Up Protection Characteristics
Num [C Rating Symbol Min Max Unit
1 C [Human Body Model (HBM) VueMm 2000 - \%
2 C | Machine Model (MM) VM 200 - \%
3 C | Charge Device Model (CDM) Veoum 500 - Vv
Latch-up Current at 125°C
4 C | positive ILaT +100 - mA
negative -100
Latch-up Current at 27°C
5 C | positive I AT +200 - mA
negative -200

A.1.7 Operating Conditions

This chapter describes the operating conditions of the device. Unless otherwise noted those conditions
apply to all the following data.

NOTE: Pleaserefer to the temperature rating of the device (C, V, M) with regards to the
ambient temperature T, and the junction temperature T;. For power dissipation
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calculations refer to Section A.1.8 Power Dissipation and Thermal
Characteristics.

Table A-4 Operating Conditions

Rating Symbol Min Typ Max Unit
1/0, Regulator and Analog Supply Voltage Vpps 45 5 5.25 \%
Digital Logic Supply Voltage * Vbb 2.35 25 2.75 v
PLL Supply Voltage * VbppLL 2.25 25 2.75 v
Voltage Difference VDDX to VDDR and VDDA Dyppx -0.1 0 0.1 \%
Voltage Difference VSSX to VSSR and VSSA Dyssx -0.1 0 0.1 \%
Bus Frequency fous 0.252 - 25 MHz
MC9S12DT128C
Operating Junction Temperature Range TJ -40 - 100 °C
Operating Ambient Temperature Range 3 Ta -40 27 85 °C
MC9S12DT128V
Operating Junction Temperature Range TJ -40 - 120 °C
Operating Ambient Temperature Range 3 Ta -40 27 105 °C
MC9S12DT128M
Operating Junction Temperature Range TJ -40 - 140 °C
Operating Ambient Temperature Range 3 Ta -40 27 125 °C
NOTES:

1. The device contains an internal voltage regulator to generate the logic and PLL supply out of the I/O supply. The
given operating range applies when this regulator is disabled and the device is powered from an external source.

2. Some blocks e.g. ATD (conversion) and NVMs (program/erase) require higher bus frequencies for proper oper-
ation.

3. Please refer to Section A.1.8 Power Dissipation and Thermal Characteristics for more details about the rela-
tion between ambient temperature T, and device junction temperature Tj.

A.1.8 Power Dissipation and Thermal Characteristics

Power dissipation and thermal characteristics are closely related. The user must assure that the maximum
operating junction temperature is not exceeded. The average chip-junction temperature (T ) in °C can be
obtained from:

TJ = TA+(PD-OJA)

TJ = Junction Temperature, [°C]

TA = Ambient Temperature, [°C]
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PD = Total Chip Power Dissipation, [W]
OJA = Package Thermal Resistance, [°C/W]

The total power dissipation can be calculated from:

Pn = Pt +P

D INT 10
PINT = Chip Internal Power Dissipation, [W]

Two cases with internal voltage regulator enabled and disabled must be considered:
1. Internal Voltage Regulator disabled

P =1 v I v I v

ppPLL T 'ppA DDA

_ 2
Plo = ) Rpson Hio,
|

INT = 'pp Vb * 'DDPLL

Which isthe sum of all output currents on 1/0O ports associated with VDDX and VDDR.

For RDSON isvalid: Y

_ 'OL. .
RDSON = I—,for outputs driven low
oL
respectively
\Y -V
_ 'DD5 "OH. . :
R = ;for outputs driven high
DSON loy
2. Internal voltage regulator enabled

PINT = 'pDR YDDR *'DDA DDA

Ippr IS the current shown in (Table A-7) and not the overall current flowing into VDDR, which
additionally contains the current flowing into the external loads with output high.

2
PiA = E R 0l
10 | DSON IOi

Which isthe sum of all output currents on 1/0O ports associated with VDDX and VDDR.
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Num |C Rating Symbol Min Typ Max Unit
1 | T |Thermal Resistance LQFP112, single sided PCB? 83 - - 54 oC/W
5 T Therm.al Resistance I;QFP112, double sided PCB 05a B B 41 oc/w

with 2 internal planes
3 T | Junction to Board LQFP112 05 - - 31 oc/w
4 T | Junction to Case LQFP112 0;c - - 11 oc/w
5 | T | Junction to Package Top LQFP112 Wit - - 2 oc/w
6 T | Thermal Resistance QFP 80, single sided PCB 0;a - - 51 oc/W
2 |7 ;?str:r?;r%;zi;ince QFP 80, double sided PCB with R B B e oW
8 | T |Junction to Board QFP80 035 - - 27 oc/W
9 | T | Junction to Case QFP80 63c - - 14 o°c/w
10 | T | Junction to Package Top QFP80 Yyr - - 3 oc/W
NOTES:

1. The values for thermal resistance are achieved by package simulations
2. PC Board according to EIA/JJEDEC Standard 51-3
3. PC Board according to EIA/JEDEC Standard 51-7

A.1.9 I/O Characteristics

This section describes the characteristics of all 5V 1/0 pins. All parameters are not always applicable, e.g.
not all pinsfeature pull up/down resistances.
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Table A-6 5V I/O Characteristics

Conditions are shown in (Table A-4) unless otherwise noted

Num |C Rating Symbol Min Typ Max Unit
1 | P |Input High Voltage Viu 0.65*Vpps - \
T | Input High Voltage Viy - - Vpps + 0.3
2 | P |Input Low Voltage Vi - - 0.35*Vpps \Y
T | Input Low Voltage Vi Vggs — 0.3 - - \Y
3 | C|Input Hysteresis Vivs 250 mvV
Input Leakage Current (pins in high ohmic input
4 | p|mode) i -1.0 - 1.0 HA
Vin = Vops ©" Vsss

Output High Voltage (pins in output mode)
5 c | Partial Drive loH = —2.0mA V Vpps — 0.8 _ _ \Vi

P | Full Drive 1oy = -10.0mA

Output Low Voltage (pins in output mode)
6 | c |Partial Drive g = +2.0mA \Y/ — — 0.8 \Y;

P | Full Drive 1| = +10.0mA

Internal Pull Up Device Current,

7| Ptested at vV, Max. lpuL - - -130 HA
Internal Pull Up Device Current, |
8 | Cltested at V,,, Min. PUH -10 - - HA
Internal Pull Down Device Current, |
9 | P ltested at vV, Min. PDH - - 130 HA
Internal Pull Down Device Current, |
10 | C |tested at V, Max. PDL 10 - - HA
11 | D | Input Capacitance Cin 6 - pF
Injection current!
12 | T |Single Pin limit lics -2.5 - 25 mA
Total Device Limit. Sum of all injected currents licp -25 25
13 | P |Port H, J, P Interrupt Input Pulse filtered 2 tpuLsE 3 Hs
14 | P |Port H, J, P Interrupt Input Pulse passed 2 tpuLsE 10 us
NOTES:

1. Refer to Section A.1.4 Current Injection, for more details
2. Parameter only applies in STOP or Pseudo STOP mode.

A.1.10 Supply Currents

This section describes the current consumption characteristics of the device as well as the conditions for
the measurements.
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All measurements are without output loads. Unless otherwise noted the currents are measured in single
chip mode, internal voltage regulator enabled and at 25MHz bus frequency using a4MHz oscillator in

Colpitts mode. Production testing is performed using a square wave signal at the EXTAL input.

A.1.10.2 Additional Remarks

In expanded modes the currents flowing in the system are highly dependent on theload at the address, data
and control signals aswell as on the duty cycle of those signals. No generally applicable numbers can be
given. A very good estimate is to take the single chip currents and add the currents due to the external

loads.

Table A-7 Supply Current Characteristics

Conditions are shown in (Table A-4) unless otherwise noted

Num |C Rating Symbol Min Typ Max Unit
1 | p |Runsupply currents mA
Single Chip, Internal regulator enabled Ibps 55
Wait Supply current
2 [ All modules enabled, PLL on Iopw 30 mA
P only RTI enabled (M) 5
Pseudo Stop Current (RTI and COP disabled) 1+ 2
C -40°C 370
P 27°C 400 500
C 70°C 450
3 C 85°C | 550 A
P “C” Temp Option 100°C| DPDPPS 600 1600 W
C 105°C 650
P “V" Temp Option 120°C 800 2100
C 125°C 850
P “M” Temp Option 140°C 1200 5000
Pseudo Stop Current (RTI and COP enabled) 3 @
C -40°C 570
C 27°C 600
C 70°C 650
|
4 ¢ 85°G DDPS 750 HA
C 105°C 850
C 125°C 1200
C 140°C 1500
Stop Current @
C -40°C 12
P 27°C 25 100
C 70°C 100
C 85°C 130
5 I A
P “C” Temp Option 100°C |  °P% 160 1200 K
c 105°C 200
P “v" Temp Option 120°C 350 1700
Cc 125°C 400
P “M” Temp Option 140°C 600 5000
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NOTES:

1. PLL off, Oscillator in Colpitts Mode
2. At those low power dissipation levels T; = T can be assumed
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A.2 ATD Characteristics
This section describes the characteristics of the analog to digital converter.

A.2.1 ATD Operating Characteristics

The (Table A-8) shows conditions under which the ATD operates.

The following constraints exist to obtain full-scale, full range results:

Vssa £ VRL £V N £ VRrH £ Vppa- This constraint exists since the sample buffer amplifier can not drive
beyond the power supply levelsthat it tiesto. If theinput level goes outside of thisrangeit will effectively
be clipped.

Table A-8 ATD Operating Characteristics

Conditions are shown in (Table A-4) unless otherwise noted

Num |C Rating Symbol Min Typ Max Unit
Reference Potential
1 D Low VRL VSSA VDDA/2 Vv
High|  Vey Vppa/2 Vbpa v
2 | C|Differential Reference Voltage! Vru-VRL 4.50 5.00 5.25 Y
3 | D |ATD Clock Frequency fATDCLK 0.5 2.0 MHz
ATD 10-Bit Conversion Period
4 |D Clock Cycles? | Nconvio 14 28 Cycles
Conv, Time at 2.0MHz ATD Clock fatpcik | Tconvio 7 14 Hs
ATD 8-Bit Conversion Period
5 D Clock Cycles(z) NCONVS 12 26 CyCleS
Conv, Time at 2.0MHz ATD Clock fatpcik | Tconvs 6 13 Hs
6 | D |Stop Recovery Time (Vppa=5.0 Volts) tsr 20 Hs
7 | P |Reference Supply current (Both ATD modules on) IREE 0.75 mA
8 | P |Reference Supply current (Only one ATD module on) IREE 0.375 mA
NOTES:

1. Full accuracy is not guaranteed when differential voltage is less than 4.50V

2. The minimum time assumes a final sample period of 2 ATD clocks cycles while the maximum time assumes a final sample
period of 16 ATD clocks.

A.2.2 Factors influencing accuracy

Three factors — source resistance, source capacitance and current injection — have an influence on the
accuracy of the ATD.

A.2.2.1 Source Resistance:

Dueto the input pin leakage current as specified in (Table A-6) in conjunction with the source resistance
there will be a voltage drop from the signal source to the ATD input. The maximum source resistance Rg
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specifies resultsin an error of lessthan 1/2 LSB (2.5mV) at the maximum |leakage current. If device or
operating conditionsarelessthan worst case or |eakage-induced error isacceptable, larger values of source
resistanceis allowed.

A.2.2.2 Source capacitance

When sampling an additional internal capacitor is switched to the input. This can cause avoltage drop due
to charge sharing with the external and the pin capacitance. For a maximum sampling error of the input
voltage < 1L SB, then the external filter capacitor, C; = 1024 * (C,ns— Cinn)-

A.2.2.3 Current injection

There are two cases to consider.

1

A current isinjected into the channel being converted. The channel being stressed has conversion
values of $3FF ($FF in 8-bit mode) for anal og inputs greater than V g and $000 for values|essthan
VR unless the current is higher than specified as disruptive conditions.

Current isinjected into pinsin the neighborhood of the channel being converted. A portion of this
current is picked up by the channel (coupling ratio K), Thisadditional current impacts the accuracy
of the conversion depending on the source resistance.

The additional input voltage error on the converted channel can be calculated asVegggr = K * Rg*
linge With 15 being the sum of the currents injected into the two pins adjacent to the converted
channdl.

Table A-9 ATD Electrical Characteristics

Conditions are shown in (Table A-4) unless otherwise noted

Num |C Rating Symbol Min Typ Max Unit

1 | C|Max input Source Resistance Rs - - 1 KQ
Total Input Capacitance

2 | T |Non Sampling Cinn 10 pF
Sampling Cins 22

3 | C | Disruptive Analog Input Current INA 2.5 25 mA

4 | C |Coupling Ratio positive current injection Kp 104 A/A

5 | C | Coupling Ratio negative current injection Kn 102 A/A
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(Table A-10) specifiesthe ATD conversion performance excluding any errors due to current injection,
input capacitance and source resistance.

Table A-10 ATD Conversion Performance

Conditions are shown in (Table A-4) unless otherwise noted
VRer = VrH - VrL = 5.12V. Resulting to one 8 bit count = 20mV and one 10 bit count = 5mV

fATDCLK = 2.0MHz

Num |C Rating Symbol Min Typ Max Unit
1 | P |10-Bit Resolution LSB 5 mvV
2 P | 10-Bit Differential Nonlinearity DNL -1 1 Counts
3 P | 10-Bit Integral Nonlinearity INL -2.5 +1.5 2.5 Counts
4 | P |10-Bit Absolute Errort AE -3 2.0 3 Counts
5 P | 8-Bit Resolution LSB 20 mV
6 P | 8-Bit Differential Nonlinearity DNL -0.5 0.5 Counts
7 | P | 8-Bit Integral Nonlinearity INL -1.0 +0.5 1.0 Counts
8 | P |8-Bit Absolute Error®) AE -1.5 +1.0 15 Counts
NOTES:

1. These values include the quantization error which is inherently 1/2 count for any A/D converter.

For the following definitions see also Figure A-1.

Differential Non-Linearity (DNL) is defined as the difference between two adjacent switching steps.

The Integral Non-Linearity (INL) is defined as the sum of all DNLSs:

DNL(i) = \&_1
1LSB
INL : DNL(i) = -0
(= 2 ONO = rsg
i =

Freescale Semiconductor
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Figure A-1 shows only definitions, for specification values refer to Table A-10.

-
5055 5060 5065 5070 5075 5080 5085 5090 5095 5100 5105 5110 5115 5120 Vin

mV

Freescale Semiconductor



Device User Guide — 9S12DT128DGV2/D V02.17

A.3 NVM, Flash and EEPROM

NOTE: Unless otherwise noted the abbreviation NVM (Non Volatile Memory) is used for
both Flash and EEPROM.

A.3.1 NVM timing

The time base for all NVM program or erase operations is derived from the oscillator. A minimum
oscillator frequency v moscisrequired for performing program or erase operations. The NVM modules
do not have any means to monitor the frequency and will not prevent program or erase operation at
frequencies above or below the specified minimum. Attempting to program or erase the NVM modules at
alower frequency afull program or erase transition is not assured.

The Flash and EEPROM program and erase operations are timed using a clock derived from the oscillator
using the FCLKDIV and ECLKDIV registersrespectively. The frequency of this clock must be set within
the limits specified as fyypmop-

The minimum program and erase times shown in (Table A-11) are calculated for maximum fy/ v op and
maximum f, .. The maximum times are calculated for minimum fy,/ v op and a fy,s of 2MHz.

A.3.1.1 Single Word Programming

The programming time for single word programming is dependant on the bus frequency as awell ason
the frequency frvmop and can be calculated according to the following formula

t =9 L +25 1

S m
WPg NVMOP bus

A.3.1.2 Row Programming

Thisappliesonly to the Flash where up to 32 wordsin arow can be programmed consecutively by keeping
the command pipeline filled. The time to program a consecutive word can be calculated as:

=4 1 +9 1

t

bwpgm
Pg NVMOP bus
The time to program awholerow is:

tbrpgm = tswpgm +31 Ijbwpgm

Row programming is more than 2 times faster than single word programming.
A.3.1.3 Sector Erase

Erasing a 512 byte Flash sector or a4 byte EEPROM sector takes:
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1
[P 4000
NVMOP

The setup time can be ignored for this operation.

A.3.1.4 Mass Erase

Erasing aNVM block takes:

1
thass = 20000
NVMOP

The setup time can be ignored for this operation.
A.3.1.5 Blank Check

Thetime it takes to perform a blank check on the Flash or EEPROM is dependant on the location of the
first non-blank word starting at relative address zero. It takes one bus cycle per word to verify plus a setup
of the command.

teheck = lOcation I:tCyc +10 IItCyc

Table A-11 NVM Timing Characteristics

Conditions are shown in (Table A-4) unless otherwise noted

Num |C Rating Symbol Min Typ Max Unit
1 D | External Oscillator Clock fnvmMosc 0.5 501 MHz
2 D | Bus frequency for Programming or Erase Operations | fnvmsus 1 MHz
3 D | Operating Frequency fnvmor 150 200 kHz
4 | P |Single Word Programming Time tswpgm 46 2 7453 us
5 | D |Flash Row Programming consecutive word thwpgm 20.4 31®) Hs
6 | D |Flash Row Programming Time for 32 Words ) torpgm 678.4 @ 1035.5 4 Hus
7 | P | Sector Erase Time tera 205 26.7 @ ms
8 | P |Mass Erase Time tmass 100 ® 133 @ ms
9 D | Blank Check Time Flash per block teheck 116 327787 teye
10 | D |Blank Check Time EEPROM per block teheck 11 ®) 1034 teye

NOTES:

1. Restrictions for oscillator in crystal mode apply!

2. Minimum Programming times are achieved under maximum NVM operating frequency fyymop @nd maximum bus frequency
fous-

. Maximum Erase and Programming times are achieved under particular combinations of fyymop and bus frequency fys.
Refer to formulae in Sections Section A.3.1.1 Single Word Programming- Section A.3.1.4 Mass Erasefor guidance.

. Row Programming operations are not applicable to EEPROM

. Minimum Erase times are achieved under maximum NVM operating frequency fyymop-

. Minimum time, if first word in the array is not blank

. Maximum time to complete check on an erased block

w

~NOo O~
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A.3.2 NVM Reliability

Thereliability of the NVM blocks is guaranteed by stress test during qualification, constant process
monitors and burn-in to screen early life failures.

The failure rates for data retention and program/erase cycling are specified at the operating conditions
noted.

The program/erase cycle count on the sector isincremented every time a sector or mass erase event is
executed.

Freescale Semiconductor 113



Device User Guide — 9S12DT128DGV2/D V02.17

Table A-12 NVM Reliability Characteristics?!

Conditions are shown in (Table A-4) unless otherwise noted

Num | C Rating Symbol Min Typ Max Unit

Flash Reliability Characteristics

Data retention after 10,000 program/erase cycles at an 15 ) —
average junction temperature of T ;4 < 85°C 100

- , tr RET Years
Data retention with <100 program/erase cycles at an —

2
average junction temperature T 54 <85°C 20 100

3 c Number of program/erase cycles 10.000 o
(-40°Cc < T; <0°C) , B

N Cycles
Number of program/erase cycles —

4 1€ |°c < T, < 140°0) 10,000 | 100,000°

EEPROM Reliability Characteristics

Data retention after up to 100,000 program/erase cycles

2 —
at an average junction temperature of T3,y < 85°C 15 100

teEpRET Years

Data retention with <100 program/erase cycles at an

2 —
6 |¢ average junction temperature T 5,4 < 85°C 20 100

Number of program/erase cycles

(-40°C £ T; £ 0°C) 10,000 — _

Neep Cycles
Number of program/erase cycles

3 —
8 |C (0°C < T; < 140°C) 100,000 | 300,000
NOTES:
1. T3avg Will Not exeed 85°C considering a typical temperature profile over the lifetime of a consumer, industrial or automotive

appﬁcation.

2. Typical data retention values are based on intrinsic capability of the technology measured at high temperature and de-rated
to 25°C using the Arrhenius equation. For additional information on how Freescale defines Typical Data Retention, please
refer to Engineering Bulletin EB618.

3. Spec table quotes typical endurance evaluated at 25°C for this product family, typical endurance at various temperature
can be estimated using the graph below. For additional information on how Freescale defines Typical Endurance, please
refer to Engineering Bulletin EB619.
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Figure A-2 Typical Endurance vs Temperature
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The on-chip voltage regulator isintended to supply the internal logic and oscillator circuits. No external

DC load is allowed.

Table A-13 Voltage Regulator Recommended Load Capacitances

Rating Symbol Min Typ Max Unit
Load Capacitance on VDD1, 2 CLvbD 220 nF
Load Capacitance on VDDPLL CLVDDfCPLL 220 nF
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A.5 Reset, Oscillator and PLL

This section summarizes the electrical characteristics of the various startup scenarios for Oscillator and
Phase-L ocked-Loop (PLL).

A.5.1 Startup

(Table A-14) summarizes several startup characteristics explained in this section. Detailed description of
the startup behavior can be found in the Clock and Reset Generator (CRG) Block User Guide.

Table A-14 Startup Characteristics

Conditions are shown in (Table A-4) unless otherwise noted

Num |C Rating Symbol Min Typ Max Unit
1 T | POR release level VPORR 2.07 Vv
2 T | POR assert level VpoRra 0.97 \%
3 | D |Reset input pulse width, minimum input time PWgsTL 2 tosc
4 D | Startup from Reset NRsT 192 196 Nosc
5 D | Interrupt pulse width, IRQ edge-sensitive mode PWiro 20 ns
6 D [ Wait recovery startup time twrs 14 teye

A.5.1.1 POR

Thereleaselevel Vporg and the assert level Vpora arederived fromtheVpp Supply. They arealso valid
if the deviceispowered externally. After releasing the POR reset the oscillator and the clock quality check
arestarted. If after atimetcqoyt o valid oscillation is detected, the MCU will start using the internal self
clock. The fastest startup time possible is given by nypogc.

A.5.1.2 SRAM Data Retention

Provided an appropriate external reset signal is applied to the MCU, preventing the CPU from executing
codewhen VDD5 isout of specification limits, the SRAM contentsintegrity isguaranteed if after the reset
the PORF bit in the CRG Flags Register has not been set.

A.5.1.3 External Reset

When external reset is asserted for atime greater than PWgigt the CRG module generates an internal
reset, and the CPU starts fetching the reset vector without doing a clock quality check, if there was an
oscillation before reset.

A.5.1.4 Stop Recovery

Out of STOP the controller can be woken up by an external interrupt. A clock quality check as after POR
is performed before releasing the clocks to the system.
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A.5.1.5 Pseudo Stop and Wait Recovery

Therecovery from Pseudo STOP and Wait are essentially the same since the oscillator was not stopped in
both modes. The controller can be woken up by internal or external interrupts. After t,,,s the CPU starts
fetching the interrupt vector.

A.5.2 Oscillator

The devicefeatures an internal Colpittsand Pierce oscillator. The selection of Colpitts oscillator or Pierce
oscillator/external clock depends on the XCLKS signal which is sampled during reset.By asserting the
XCLKS input during reset this oscillator can be bypassed allowing the input of a square wave. Before
asserting the oscillator to the internal system clocks the quality of the oscillation is checked for each start
from either power-on, STOP or oscillator fail. tcgoyT Specifiesthe maximum time before switching to the
internal self clock mode after POR or STOP if aproper oscillation is not detected. The quality check also
determines the minimum oscillator start-up time typogc. The device also features a clock monitor. A
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Clock Monitor Failureis asserted if the frequency of the incoming clock signal is below the Assert

Frequency fopmpa.
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Table A-15 Oscillator Characteristics

Conditions are shown in (Table A-4) unless otherwise noted

Num |C Rating Symbol Min Typ Max Unit
la | C |Crystal oscillator range (Colpitts) fosc 0.5 16 MHz
1b | C|Crystal oscillator range (Pierce) * fosc 0.5 40 MHz
2 | P |Startup Current iosc 100 LA
3 | C | Oscillator start-up time (Colpitts) tuposc 82 1003 ms
4 D [ Clock Quality check time-out tcoout 0.45 2.5 S
5 P | Clock Monitor Failure Assert Frequency femEA 50 100 200 KHz
6 | P | External square wave input frequency * fext 0.5 50 MHz
7 D | External square wave pulse width low texTL 9.5 ns
8 D | External square wave pulse width high tEXTH 9.5 ns
9 D | External square wave rise time texTR 1 ns
10 | D | External square wave fall time texTE 1 ns
11 | D | Input Capacitance (EXTAL, XTAL pins) Cin 7 pF
12 |c E)C(:Tgﬁepriaging Bias in Colpitts Configuration on VpeBIAS 11 v
13 | P |EXTAL Pin Input High Voltage* VinextaL | 0-75*VpppLL \Y

T | EXTAL Pin Input High Voltage® ViH,EXTAL VoppLL + 03|V
14 | P |EXTAL Pin Input Low Voltage* VILEXTAL 0.25*VpppLL | V

T |EXTAL Pin Input Low Voltage* ViLexTaL | VsspiL-0.3 \Y
15 | C | EXTAL Pin Input Hysteresis* VHys,EXTAL 250 mV

NOTES:

1. Depending on the crystal a damping series resistor might be necessary
2. fosc = 4MHz, C = 22pF.

3. Maximum value is for extreme cases using high Q, low frequency crystals
4. XCLKS =0 during reset

A.5.3 Phase Locked Loop

The oscillator provides the reference clock for the PLL. The PLL" s Voltage Controlled Oscillator (VCO)
is also the system clock source in self clock mode.

A.5.3.1 XFC Component Selection

This section describes the selection of the XFC components to achieve a good filter characteristics.
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Phase VCO
fosc 1 fref fuco
— ——@—
™| refav+1 >@ Ko ¢ Kv
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fcmp
Loop Divider
1 1
synr+1 - 2 -

Figure A-3 Basic PLL functional diagram

The following procedure can be used to calculate the resistance and capacitance values using typical
values for K4, f; and i, from (Table A-16).

The grey boxes show the calculation for fy,co = 50MHz and f, = IMHz. E.g., these frequencies are used
for fogc = 4MHz and a 25MHz bus clock.

The VCO Gain at the desired VCO frequency is approximated by:
(fl B fvco) (60 — 50)
K =K EéKlﬂlV ~100 _
v - N = =100 [k =-90.48MHz/V
The phase detector relationship is given by:
Kq) = _|ich| EKV =316.7Hz/Q
ich iSthe current in tracking mode.

The loop bandwidth f~ should be chosen to fulfill the Gardner’ s stability criteria by at least afactor of 10,
typical values are 50. { = 0.9 ensures a good transient response.

2 (L [f i
fo < et 1 <" .z=009)
>, 10 ‘¢~ 7To
T[EHZ+ 1+0q fc < 25kHz
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And finally the frequency relationship is defined as

— fVCO
f

n = 2synr+1) =50

ref

With the above values the resistance can be calculated. The example is shown for aloop bandwidth
fc=10KHz:

_ 20nih (g

R = — = 2*1*50*10kHz/(316.7Hz/Q)=9.9kQ =~ 10kQ
(0)

The capacitance C4 can now be calculated as:

2
- 2L 0516, _ = 5.19nF =~ 4.7nF
Cs = nd. R f R =09)

The capacitance C,, should be chosen in the range of:

C4/20<C_<Cy/10  C, = 470pF

A.5.3.2 Jitter Information

The basic functionality of the PLL is shownin Figure A-3. With each transition of the clock ¢, the
deviation from the reference clock f, is measured and input voltage to the VCO is adjusted
accordingly.The adjustment is done continuously with no abrupt changes in the clock output frequency.
Noise, voltage, temperature and other factors cause slight variationsin the control |oop resulting in aclock
jitter. Thisjitter affects the real minimum and maximum clock periods asillustrated in Figure A-4.
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0 1 2 3 N-1 N

t .
< minN

t
< maxN

Figure A-4 Jitter Definitions
Therelativedeviation of t,,, isat itsmaximum for one clock period, and decreasestowards zero for larger
number of clock periods (N).

Defining the jitter as:

tmax(N)

N Etnom

tmin(N)

N Etnom

[
[
[]

J(N) = maxal —

For N < 100, the following equation is a good fit for the maximum jitter:
I
J(N) = =+,
JN

J(N) A

I I I I >
1 5 10 20 N

Figure A-5 Maximum bus clock jitter approximation
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Thisisvery important to notice with respect to timers, serial moduleswhere apre-scaler will eliminate the
effect of thejitter to alarge extent.

Table A-16 PLL Characteristics

Conditions are shown in (Table A-4) unless otherwise noted

Num |C Rating Symbol Min Typ Max Unit
1 P | Self Clock Mode frequency fscm 1 55 MHz
2 | D |VCO locking range fvco 8 50 MHz
3 D Ir_noocgeDetector transition from Acquisition to Tracking Byl 3 4 0l
4 | D |Lock Detection 1Ay ockl 0 1.5 %L
5 | D |Un-Lock Detection Byl 0.5 2.5 %@
6 D ;o(;:(;(eDetector transition from Tracking to Acquisition By 6 8 e
7 | C|PLLON Total Stabilization delay (Auto Mode) 2 tstab 0.5 ms
8 | D | PLLON Acquisition mode stabilization delay @ tacq 0.3 ms
9 | D |PLLON Tracking mode stabilization delay () ta 0.2 ms
10 | D |Fitting parameter VCO loop gain Ky -100 MHz/V
11 | D | Fitting parameter VCO loop frequency f1 60 MHz
12 | D [ Charge pump current acquisition mode lich | 38.5 HA
13 | D [ Charge pump current tracking mode lich | 35 HA
14 | C | Jitter fit parameter 12 I 1.1 %
15 | C |Jitter fit parameter 2(2) 2 0.13 %

NOTES:

1. % deviation from target frequency
2. fosc = 4MHz, fgysg = 25MHz equivalent fyco = 50MHz: REFDV = #$03, SYNR = #$018, Cs = 4.7nF, Cp = 470pF, Rs =

10KQ.
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A.6 MSCAN
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Table A-17 MSCAN Wake-up Pulse Characteristics

Conditions are shown in (Table A-4) unless otherwise noted

Num | C Rating Symbol Min Typ Max Unit
1 P | MSCAN Wake-up dominant pulse filtered twup 2 us
2 P | MSCAN Wake-up dominant pulse pass twup 5 ps
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A.7 SPI

A.7.1 Master Mode

Figure A-6 and Figure A-7 illustrate the master mode timing. Timing values are shown in (Table
A-18).

ccl
(OUTPSUSI') _\i '\] i \
e D O
wi | o /
(OUTPUT) — 7 4_@_> S / X

SCK —————\ | — L s
CPOL =1 /
((OUTPUT; \‘—7/ \—|\,— \'—7/ \

<(5)>
(IN'\IQEP) ——\‘ MSB IN? —< BIT6...1 NN:>_< LSB IN )
ooty X mssour? >J: BITe...1: X ot K X

A
4

|
1.if configured as an output.
2. LSBF = 0. For LSBF =1, bit order is LSB, bit 1, ..., bit 6, MSB.

Figure A-6 SPI Master Timing (CPHA =0)

Freescale Semiconductor 129



Device User Guide — 9S12DT128DGV2/D V02.17

(OUTPﬁl) _\ / \

\
«—()—>

soK -« O . @—» |— —><—@ -« @
(?Opl?'lr_PTJ% —7/ x £ \_I\‘_z/ X /

SCK ‘C)' ‘C)’ @—><— —><—@
CPOL=1) —\ /—\ / N T \
((OUTPUT) — 1

<(©

(|N'\£|US$)— MSB IN? A}——< BIT6...1, »— LSB IN > C

Oks ©®
(OUT'\QS%' PORTDATA Y| MASTERMSBOUT? ) BIT6...1 \ >< MASTER LSB OUT >< PORT DATA

1.If configured as output
2. LSBF = 0. For LSBF = 1, bit order is LSB, bit 1, ..., bit 6, MSB.

Figure A-7 SPI Master Timing (CPHA =1)

Table A-18 SPI Master Mode Timing Characteristics®

Conditions are shown in (Table A-4) unless otherwise noted, C, oap = 200pF on all outputs

Num |C Rating Symbol Min Typ Max Unit
1 P | Operating Frequency fop DC 1/2 fous
1 | P |SCK Period tsg = 1./fop tsck 4 2048 thus
2 | D|Enable Lead Time tiead 1/2 — tsck
3 D [Enable Lag Time tiag 1/2 tsck
4 | D [Clock (SCK) High or Low Time twsck thus — 30 1024 tys ns
5 D | Data Setup Time (Inputs) tsy 25 ns
6 | D |Data Hold Time (Inputs) thi 0 ns
9 D | Data Valid (after SCK Edge) ty 25 ns
10 | D | Data Hold Time (Outputs) tho 0 ns
11 | D |Rise Time Inputs and Outputs t, 25 ns
12 | D | Fall Time Inputs and Outputs t; 25 ns

NOTES:

1. The numbers 7, 8 in the column labeled “Num” are missing. This has been done on purpose to be consistent between the
Master and the Slave timing shown in (Table A-19).
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A.7.2 Slave Mode

Figure A-8 and Figure A-9 illustrate the slave mode timing. Timing valuesare shownin (Table A-19).

(INPUSi'I% -\ \ V] \

(D) —> @ | > |=DCHe>
SCK ) , _ f—
CPOL =0 ‘ /
( (INPUT; 7/ \<—7' \ T KV /
SCK y —\ : <_ _>A <_@ I
(CPOL=1) \ / / N / \
(INPUT) 5 1 “A\— 11—
MISO F \ i 1
LU sLavel [ ms out BITG...1 X SLAVELSBOUT
o N N~
<(5)>

|
MOSI ¥
ey ——( MSI;?.\£—< BIT6...1 : —  LBIN )
|

Figure A-8 SPI Slave Timing (CPHA =0)

g s
(INPUT) \ Y .
<—®—> @ <>
- -« @ @—» l«— ] <—@
K —\ Y
CPOL=Z0 / i \ /
( (INPUTg Y \ 7 \-_n,_-/ .
(CPOL = 1) N ) ] N i \
(INPUT) S — :
ouTRn — M stave | wssour ) BIT6...1 \ X smvetssour p——~< )
- <(5 )| =(6)>

MOSI s y
(NPUT) —{  MSBIN \—< BITG...1 — LSBIN ) {

Figure A-9 SPI Slave Timing (CPHA =1)
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Table A-19 SPI Slave Mode Timing Characteristics

Conditions are shown in (Table A-4) unless otherwise noted, CLOAD = 200pF on all outputs

Num |C Rating Symbol Min Typ Max Unit
1 | P |Operating Frequency fop DC 1/4 fhus
1 | P |SCK Period tgg = 1./fgp tsek 4 2048 thus
2 | D |Enable Lead Time tiead 1 teye
3 D [Enable Lag Time tiag 1 teye
4 | D |Clock (SCK) High or Low Time twsck teye =30 ns
5 D | Data Setup Time (Inputs) tsy 25 ns
6 D | Data Hold Time (Inputs) thi 25 ns
7 D | Slave Access Time ta 1 teye
8 D [ Slave MISO Disable Time tais 1 teye
9 | D |Data Valid (after SCK Edge) ty 25 ns
10 | D |Data Hold Time (Outputs) tho 0 ns
11 | D |Rise Time Inputs and Outputs t; 25 ns
12 | D | Fall Time Inputs and Outputs t 25 ns
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A.8 External Bus Timing

A timing diagram of the external multiplexed-busisillustrated in Figure A-10 with the actual timing
values shown ontable (Table A-20). All major bussignalsareincluded in the diagram. While both adata
write and data read cycle are shown, only one or the other would occur on a particular bus cycle.

A.8.1 General Multiplexed Bus Timing

The expanded bus timings are highly dependent on the load conditions. The timing parameters shown
assume a balanced load across all outputs.
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Figure A-10 General External Bus Timing
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Table A-20 Expanded Bus Timing Characteristics

Conditions are shown in (Table A-4) unless otherwise noted, C| gap = 50pF

Num |C Rating Symbol Min Typ Max Unit
1 P | Frequency of operation (E-clock) fo 0 25.0 MHz
2 P | Cycle time teye 40 ns
3 D | Pulse width, E low PWg, 19 ns
4 | D |Pulse width, E high! PWey 19 ns
5 D [ Address delay time taD 8 ns
6 | D |Address valid time to E rise (PWg —tap) tav 11 ns
7 | D [Muxed address hold time tMAH 2 ns
8 D | Address hold to data valid tAHDS 7 ns
9 D | Data hold to address tDHA 2 ns
10 | D |Read data setup time tbsr 13 ns
11 | D | Read data hold time IDHR 0 ns
12 | D | Write data delay time toow 7 ns
13 | D | Write data hold time toHw 2 ns
14 | D | Write data setup time® (PWgp~topw) tbsw 12 ns
15 | D | Address access time™ (t,c~tap—tpsr) tacca 19 ns
16 | D |E high access time™ (PWg—tpsr) tacce 6 ns
17 | D | Non-multiplexed address delay time tNAD 6 ns
18 | D | Non-muxed address valid to E rise (PWg —tnap) tnav 15 ns
19 | D | Non-multiplexed address hold time tNAH 2 ns
20 | D | Chip select delay time tcsp 16 ns
21 | D |Chip select access time® (t.yc—tcsp—tpsr) taccs 1 ns
22 | D | Chip select hold time tcsH 2 ns
23 | D | Chip select negated time tcsn 8 ns
24 | D | Read/write delay time trwD 7 ns
25 | D | Read/write valid time to E rise (PWg ~trwp) trwy 14 ns
26 | D | Read/write hold time tRWH 2 ns
27 | D | Low strobe delay time tLsp 7 ns
28 | D |Low strobe valid time to E rise (PWg —t gp) tLsv 14 ns
29 | D |Low strobe hold time tLsH 2 ns
30 | D |NOACC strobe delay time tnoD 7 ns
31 | D [NOACC valid time to E rise (PWg —t\op) tnov 14 ns
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Table A-20 Expanded Bus Timing Characteristics

Conditions are shown in (Table A-4) unless otherwise noted, C| gap = 50pF

Num |C Rating Symbol Min Typ Max Unit
32 | D |NOACC hold time tNOH 2 ns
33 | D |IPIPQO[1:0] delay time tpop 2 7 ns
34 | D |IPIPO[1:0] valid time to E rise (PWg —tpgp) tpov 11 ns
35 | D |IPIPO[1:0] delay time® (PWgy-tpyy) tp1D 2 25 ns
36 | D |IPIPOJ[1:0] valid time to E fall tp1v 11 ns
NOTES:

1. Affected by clock stretch: add N x teye where N=0,1,2 or 3, depending on the number of clock stretches.
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Appendix B Package Information

B.1 General

This section provides the physical dimensions of the MC9S12DT128 packages.
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B.2 112-pin LQFP package
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VIEW AB

Figure 23-6 112-pin LQFP mechanical dimensions (case no. 987)
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Figure 1 80-pin QFP Mechanical Dimensions (case no. 841B)
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