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FPGAs Enable Massively Parallel DSP
Example 256 TAP Filter Inplementation

Programmable DSP - Sequential
Data In

FPGA - Fully Parallel Implementation
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Usual Parallel Adder Tree Implementation

Parallel Adder Tree Implementation
Da’a’"lﬁlﬁlﬁlalﬁ ﬁlﬁlﬁﬁéﬁ

c1 CL.QC3~>9 C4QC5 cs_.QW 30 .

() () 0\0/6

Consumes Logic to \0/
Implement Adders

32 TAP filter implementation will consume
1,461 logic cells to implement adders in
fabric

co C31

Variable Latency

Data Out

Fabric and Routing May
Reduce Performance
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Pipelined Parallel Adder Implementation

Parallel Adder Cascade Implementation

Data In

Co

" Filters Implemented | Implemented
Entirely Within the

XtremeDSP Slice Guaranteed 500MHz Performance
Regardless of Filter Size

« 32 TAP filter implementation using 32
XtremeDSP Slices
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Overview

Most FPGAs contain the same basic resources

Slices grouped into combinational logic blocks (CLBs)

Contain combinatorial logic and register resources
Input/Output Blocks (IOBs)

Interface between the FPGA and the outside world
Programmable interconnect
Other resources

Memory

Multipliers

Global clock buffers

Boundary scan logic
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Logic Array - DSP Blocks
Blocks (LABs) ]
- MegaRAM™
| Blocks
Phase-Locked 1
Loops (PLLs) \.
. /O Elements
I (IOEs)
M512 RAM I ;i M4K RAM
Blocks ] ] Blocks
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Virtex-4 Resource Block Diagram

RocketlO™
Multi-Gigabit Smart RAM
Transceivers New block RAM/FIFO

622 Mbps—10.3 Gbps

o Xesium Clocking

Advanced CLBs B ke g EEE IEEE®I it Technology
200K Logic Cells — E nen g ann O Saa :::@|::: e 500 MHz
Tri-Mode

Ethernet MAC
XtremeDSP™ 10/100/1000 Mbps
Technology Slices
256 18x18 GMACs

1 Gbps SelectiO™
PowerPC™ 405 ChipSync™ Source synch,

with APU Interface XCITE Active Termination
450 MHz, 680 DMIPS
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Basic Architecture of an FPGA




Logic Fabric

Logic Cell
Lookup table (LUT)
Flip-Flop
Carry logic
Muxes (not shown)

Slice
Two Logic Cells

Spartan-3E FPGAs
2K to 33K logic cells
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Memory

Block RAM
RAM or ROM
True dual port

Separate read and write ports

Independent port size
Data width translation

Excellent for FIFOs

/— DIA  DOA

ADDRA

—p CLKA

]

ADDRB

> CLKB

DIPA  DOPA

DIB DOB
DIPB DOPB

C

Block RAM Configurations
Configuration Depth | Databits | Parity bits
16K x 1 16Kb 1 0
8K x 2 8Kb 2 0
4K x 4 4Kb 4 0
2Kx 9 2Kb 8 1
1Kx 18 1Kb 16 2

512 x 36 512 32 4
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Multipliers

18 x 18 Multipliers I
. ° CEA —— CE
Signed or unsigned a7 = a
Optional pipeline stage . (Optonal
CEP ——CE
Cascadable w1 0 ap— P
BREG
{Optional) n'e asT
CEB CE
B[17:0] D Q RSTP —J
>
RST
RSTE —J
[ = Y Jb/ ]

_|:

Slide courtesy of: x XILINX"
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Clock Management
Digital Clock Managers (DCMs)

Clock de-skew
Phase shifting
Clock multiplication

Clock division
Frequency synthesis

Slide courtesy of: x XILINX"
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Programmable 1/Os

Single-ended

Differential / LVDS
Programmable I/O standards

Multiple 1/0 banks
DDR 1/0 registers

On-chip termination

- o o

Reg DDR mux |

|
| Reg 3.State I

-_--_‘

i

| Input

I Reg

I—
T Reg
L -
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Standard Output Veco | Input Vree
LVTTL 3.3V
LVCMOS33 3.3V
LVCMOS25 2.5V
LVCMOS18 1.8V
LVCMOS15 1.5V
LVCMOS12 1.2V
o | PCI32/64 bit 33MHz | 3.3V =
§ SSTL2 Class | 2.5V 1.25V
& | SSTL2ClassI 2.5V 1.25V
g SSTL18 Class | 1.8V 0.9V
HSTL Class | 1.5V 0.75V
HSTL Class Ill 1.5V 0.9V
HSTL18 Class | 1.8V 0.9V
HSTL18 Class Il 1.8V 0.9V
HSTL18 Class Il 1.8V 1.4V
GTL = 0.8V
GTL+ - 1.0V
LVDS2.5 2.5V
= Bus LVDS2.5 2.5V
€| UltraLVDS2.5 2.5V
2| LVDS ext25 2.5V
< RSDS 2.5V
LDT2.5 2.5V

Slide courtesy of: x XILINX"
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Logic Fabric




Slices and CLBs

Each Virtex'"-1l CLB contains

four slices
Local routing provides feedback
between slices in the same CLB,
and it provides routing to
neighboring CLBs
A switch matrix provides access
to general routing resources

10/7/2008
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Switch
Matrix

<:> Slice S1 <«
—

{ slice S0 *

oh

CIN

Local Routing
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Simplified Slice Structure

Each slice has four outputs
Two registered outputs, two

non-registered outputs A
Two BUFTSs associated

with each CLB, accessible Slice 0 D
by all 16 CLB outputs J |
T PRE
Carry logic runs vertically, T LUT — Carry — T
>
up only ! CLR
Two independent carry chains 1.
— |
E LUT — Carryi o RE B
_> :

CLR
| E ;

10/7/2008




Detailed Slice Structure
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The next few slides discuss the slice features

LUTs

MUXF5, MUXF6,
MUXF7, MUXF8
(only the F5 and

F6 MUX are shown
in this diagram)
Carry Logic
MULT_ANDs
Sequential Elements

10/7/2008

G4
G3
G2
G1

BY

BX
F4

F2
F1

RES

]

. _}—DYB
.
L~ 13 Yy \] .
—> 2 L O N —Y
[ o 1 \I INIT Yo
10
[— WE Dl j aj _gEo >
L ) i T the
—>
Sy \"'] m
—,g;-_yl‘j; j e . s
WSO | [ BYDG .
e ey WifE ] —x
A4 WSH [|BX DI ]_‘j II:IIT
DQ xQ
> , ./ Hoe [ —
|_‘\ ||3 WE DI as
— 2 0 hEV
[ e 11 LuT [
(— 10
—
—
(—




Look-Up Tables
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Combinatorial logic is stored in Look-Up Tables

(LUTS)

Also called Function Generators (FGs)

Capacity is limited by the number of inputs, not by the

complexity

Delay through the LUT is constant

Combinatorial Logic

o
-

oo W>
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MUXF8 combines the two
MUXF7 outputs (from the
CLB above or below)

Slice S3

MUXF6 combines slices S2
and S3

1
MUXF7 combines the two
MUXF6 outputs

1
MUXF6 combines slices S0 and S1

Slice S2

Slice $1

Slice S0

MUXF5 c;ombines LUTs in each slice

10/7/2008




EE382N-4 Embedded Systems Architecture

Fast Carry Logic

Simple, fast, and complete couT ouT
arithmetic Logic | P S JREINOTSZOf the next LB

Dedicated XOR gate for single- | e
level sum completion | [y SL'CE:S3

. . | wr [ D |

Uses dedicated routing ; First Carry | ;

resources | Chain cQur E

All synthesis tools can infer =] rF: [i
carry logic ? SLICE 52

é J—/O—Ll\MUXCY LUT ) E

! LuT ) [ E

B 7 ISLICE S1 |

| Lt ) s E

o . ‘UT Second Carry :
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MULT_AND Gate

Highly efficient multiply and add implementation
Earlier FPGA architectures require two LUTs per bit to perform the
multiplication and addition
The MULT_AND gate enables an area reduction by performing the
multiply and the add in one LUT per bit

>

LUT

e

[i | —
' |::MULT_AND

Y
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Flexible Sequential Elements

Either flip-flops or latches
Two in each slice; eight in each CLB

Inputs come from LUTs or from an
independent CLB input

Separate set and reset controls
Can be synchronous or asynchronous

All controls are shared within a slice
Control signals can be inverted locally within a slice

10/7/2008
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Shift Register LUT (SRL16CE)

Dynamically addressable serial shift

registers

Maximum delay of 16 clock cycles per

LUT (128 per CLB)

Cascadable to other LUTs or CLBs for

longer shift registers

Dedicated connection from Q15 to D input

of the next SRL16CE
Shift register length can
be changed
asynchronously
by toggling address A

10/7/2008
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T

A[3:0]

Q15 (cascade out)




Shift Register LUT Example
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The SRL can be used to create a No Operation (NOP)
This example uses 64 LUTs (8 CLBs) to replace 576 flip-flops (72 CLBs) and

associated routing and delays

| )64
_‘_>}

Paths are Statically

12 Cycles
_A—
' N
Operation A Operation B
64
#——| 4 Cycles —| 8 Cycles
Operation C Operation D - NOP
—— 3 Cycles @ —| 9 Cycles
—

—~—

12 Cycles

—  Balanced




Dedicated Multiplier Blocks
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18-bit twos complement signed operation

Optimized to implement Multiply and Accumulate functions
Multipliers are physically located next to block SelectRAM™

memory

10/7/2008

Data_A
(18 bits)

Data_B
(18 bits)

_—

-

18 x 18
Multiplier

—

Output
(36 bits)

4 x 4 signed

8 x 8 signed

12 x 12 signed

18 x 18 signed




Switchbox Operation

Before Programming

6 pass transistors per switchbox
interconnect point

Pass transistors act as programmable
switches

Pass transistor gates are driven by
configuration memory cells

10/7/2008
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After Programming
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Logic Cluster Size

Interestingly, small block cluster more efficient (Betz — CICC’99)
Includes area needed for routing.

Small clusters (e.g. one BLE (Basic Logic Element) per cluster) are not “CAD
friendly).

Most commercial devices have 4-8 BLEs per cluster

1100 P

1050 Pessimistic e -

Transistors MDdEI; <

Required 1000 |—
per 50 —
BLE
(20 900 | —
Benchmark 50

Average)
800 —

750 |-

||
1 2 4 6 8 10 12 14 16
Cluster Size (IN)
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Number of Inputs per Cluster

Lots of opportunities for input sharing in large clusters (Betz — CICC’99)
Reducing inputs reduces the size of the device and makes it faster.

Most FPGA devices (Xilinx, Lucent) have 4 BLE per cluster with more inputs
than actually needed.

32+
28 Inputs required for 98%
Number 4| logic utilization
of
Cluster 20 -
Inputs 16 -
(20 121 - ﬁferage mputs used
Benchmark
Average) B
i ] ] ] ] ] | ] ] ]

0 2 4 6 8 10 12 14 16
Cluster Size (IN)
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Connection Box Flexibility

Tracks\A -

Logic
— RN Cluster

10 pin T —
P Tg _’:’- Out

Out Fc=3
TO T1 T2

F. -> How many tracks does an input pin connect to?
If logic cluster is small, F.islarge F.=W
If logic cluster is large, F_ can be less.

Approximately 0.2W for Xilinx XC4000EX
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Switchbox Flexibility

Switch box provides optimized interconnection area.
Flexibility found to be not as important as F_
Six transistors needed for F.= 3
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Putting it all together

Xilinx XC4000EX family
F;=3
F.=0.2
1=8
Num BLE - about 2.5

Altera Flex10K family
Fs=3
F.=0.25
=22
Num BLE — about 28

NOTE: Altera doesn’t use segmentation. All lines span large
fraction of device.

10/7/2008
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Memory
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Distributed SelectRAM Resources

Uses a LUT in a slice as memory
Synchronous write

RAM16X1S
Asynchronous read e

Accompanying flip-flops — Lot L x|
can be used to create — =
synchronous read N
RAM and ROM are initialized during _— -
configuration e s
Data can be written to RAM Slice x e )
after configuration 3 . N
T LUT — — A3 — A3
EmUIated dua|-p0rt RAM o | — A4 — DPRA0 DPO —
- — DPRA1
One read/write port _

— DPRA3

One read-only port
yp LUT —
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Block SelectRAM Resources

Up to 3.5 Mb of RAM in 18-kb
blocks

Synchronous read and write

True dual-port memory
Each port has synchronous read and
write capability
Different clocks for each port

Supports initial values

Synchronous reset on output
latches

Supports parity bits
One parity bit per eight data bits

10/7/2008
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18-kb block SelectRAM memory

—_—
 ———

DIA
DIPA

———»ADDRA

—_—
 ——
 ——

A

A

]

WEA
ENA
SSRA

> CLKA

DIB
DIPB
ADDRB
WEB
ENB
SSRB

> CLKB

DOA
DOPA

DOB
DOPB
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Clocking
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Global Clock Routing Resources

Sixteen dedicated global clock multiplexers
Eight on the top-center of the die, eight on the bottom-center
Driven by a clock input pad, a DCM, or local routing

Global clock multiplexers provide the following:
Traditional clock buffer (BUFG) function
Global clock enable capability (BUFGCE)
Glitch-free switching between clock signals (BUFGMUX)

Up to eight clock nets can be used in each clock region of the

device
Each device contains four or more clock regions
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Digital Clock Manager (DCM)

Up to twelve DCMs per device
Located on the top and bottom edges of the die
Driven by clock input pads

DCMs provide the following:
Delay-Locked Loop (DLL)
Digital Frequency Synthesizer (DFS)
Digital Phase Shifter (DPS)

Up to four outputs of each DCM can drive onto global clock
buffers

All DCM outputs can drive general routing

10/7/2008
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Input Output Resources




IOB Element

Input path
Two DDR registers

Output path
Two DDR registers
Two 3-state enable
DDR registers
Separate clocks and

clock enables for | and O

Set and reset signals
are shared

10/7/2008
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10B
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DDR MUX | |
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I ICK1| |
I I
| |
- Bl Reg
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SelectlO Standard

Allows direct connections to external signals of varied voltages

and thresholds
Optimizes the speed/noise tradeoff
Saves having to place interface components onto your board

Differential signaling standards
LVDS, BLVDS, ULVDS
LDT
LVPECL

Single-ended 1/0 standards
LVTTL, LVCMOS (3.3V, 2.5V, 1.8V, and 1.5V)
PCI-X at 133 MHz, PCI (3.3V at 33 MHz and 66 MHz)

GTL, GTLP
and more!
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Digital Controlled Impedance (DCI)
DCI provides

Output drivers that match the impedance of the traces
On-chip termination for receivers and transmitters

DCI advantages
Improves signal integrity by eliminating stub reflections
Reduces board routing complexity and component count by eliminating
external resistors
Eliminates the effects of temperature, voltage, and process variations by
using an internal feedback circuit

10/7/2008
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Programming Configurations
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Anti-fuse Switch

Anti-fuses are one-time programmable.
Pulse eliminates dielectric
Only need to program once.

Metal 3

Metal-to-Metal Antifuse

\

Metal 2

Via

1L
-\

Metal 1

Contact

Silicon

R

Umass-ECE 697F
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Anti-Fuse FPGA
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Negligible programming overhead

Low capacitance routing (fast)
Security

Tolerant of firm errors
Resistance of about 100 Q

10/7/2008

antifuse polysilicon

W,

ONO dielectric

-l

n® antifuse diffusion

/

2\
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_,_
~
~
~

1.

U

Logic Modul:

T

Horizontal
Track

‘f'

Anti-fuse

Vertical _—7%

Track
Interconnection Fabric

Umass-ECE 697F
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Anti-fuse Security

Very good for design security
No bitstream can be intercepted in the field (no bitstream transfer, no

external configuration device)

Need a Scanning Electron Microscope (SEM) to try to know the antifuse
states (an Actel AX2000 antifuse FPGA contains 53 million antifuses with
only 2-5% programmed in an average design)

Unprogrammed Antifuse Element Programmed Antifuse Element

Courtesy: Burleson/Gogniat Umass-ECE 697F
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Flash / EEPROM Devices

EE382N-4 Embedded Systems Architecture

Migrated from early PLD technology
Traditionally based on AND/OR architecture
Most often used for glue logic, state machines, etc

High ratio of logic-to-registers

10/7/2008
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T

PTA

—
PB |
Vee
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L/
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PLA OR Term
GCKOD
GCK1
cTC GCK2
PTC

——= CTC, CTR,
CTS,CTE

To PTA, PTB, PTC of
r—® gther macrocells

Direct Input
from
I/O Block

) >

PTA
CTR
GSR
GND

PTA
CTs
GSR
GND

Feedback

to AIM

A

S

(DIT

PTC—ce OFIF
OLatch

R

Q

ck ODualEDGE

} To /O Block

Coolrunner ll
Courtesy: Xilinx
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FLASH-Memory Switch

PRG/SEN SWTCH
NN
‘: WORD LINE l
= O
NN
SEL1 SEL2
v

I]I
>.’/_/

Umass-ECE 697F
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Altera Max 7000 Macrocell

LAB Local Array ]
- This respresents a
e multiplexer
i ; Parallel Logic controlled by the
; Expanders configuration
|- | (from other program
‘ macrocells)
\ | Global Global > o
= | 1 Clear Clock rogrammabie
Register
- o / To IO
Control
BRN Y Block
—
) Product- D Q
Term
Select | . —
; . Clock/
D_ Matrix Enable ENA
Select CLRN
D_ Clear (VCC
gy =
F— T — — 1 — Select
m
| D= )
1 |
| |
ces PGS | Shared Logic ToPIA«+—
pa A A Expanders
B e

36 Signals 16 Expander
from PIA Product

Umass-ECE 697F
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SRAM-based FPGA

SRAM bits can be programmed many times
Each programming bit takes up five transistors
Larger device area reduces speed versus EPROM and anti-fuse.

Q

Read or Write Q_ P1 \
—>

: j P2 - » Out
>0

P3 —

P4
Programming Bit /H/

1 12

Data

2-Input LUT

Umass-ECE 697F
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Heterogeneous FPGA Architectures
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Heterogeneity in FPGA Architectures

S'D_l' SI:I
_DGIC LDGIL': LOGIC LIIIGIL': L'DGE

Heterogeneity among SLICEs o o o
Programmable logic and routing FEE (S | BaA |
Tiles are not identical | S |

soft logic fabric [Kaviani, FPGA’96]] HEREE
hard structures [Jamieson, FPL'05] ‘j‘ ‘|H:|HHH

Dedicated hard structures EEEREE

e.g. DSP e
e.g memory block

Heterogeneity within a SLICE
Programmable logic and routing
Tiles (SLICEs) are identical

Different logics exist within a SLICE
e.g. LUTs with different size [Cong, FPGA’99]
e.g. mixed PLAs and LUTs [Cong, TODAES’05]
e.g. mixed macro-gates and LUT

GGGGGGGGGGGGGGGGGGGGGGGGGG
SSS | ‘-:i'-'l'l SOFT S0 | SOFT
LIDGIC LDGL': LLLLL “ LLLLL ‘ I:IGII.':
SSSSS FT
EEEEEE
S0FT SOFT SOFT S0F SOFT SOFT
LOGIC LOGIC LOGHC ||| LOGIC| fY| LoGIC LOGIC
(source: Jamieson@FPL’05
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Heterogeneous FPGA with Macro-Gates

There exists programmability and cost trade-off between LUTs

and macrogates
Xilinx V4 benefits from small gates (MUX2, XOR2) built in SLICEs.

The benefit of wider macro-gates
Effectiveness of the incorporation of wider logic functions (macro gates) is
not clear.

Our contributions
Design a new FPGA architecture with mixed LUTs and macro-gates
Propose a new automatic synthesis flow for mapping a circuit to the
proposed FPGA architecture
Evaluate the architecture and show that the proposed architecture reduces
delay and area by 16.5% and 30%, respective, compared to the LUT-only

architecture.
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Reconfigurable FPGAs
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I Programmable

|

I Domain E}v ming
: .

I optimized Packag

|

|

|

System Logic |

p—

T
| * FPGA Fabric
| * Block RAM
| ® Embedded

Registers and

Device Complexity and Performance

| P %t rH '« FPGA Fabric | Multipliers
Aiie I e Block RAM , * Clock Management
I I II‘] il | l :. Embedded e II:\’AUItI-Stand:):d o |
I : Registers and | rosrammablelt)
* FPGA Fabric I Multipliers e Embedded :
I« Block RAM I'e Clock Management I Microprocessor
I« Embedded Registel | e Multi-standard | ® Multigigabit .
I .| and Multipliers | programmablelo ' Transceivers I
| *FPGAFabric | « clock Management |« Embedded |  Embedded DSP- |
| ®BlockRAM | o Mmulti-standard | Microprocessor | Optimized I
* FPGA Fabric | | Programmable 10« Multigigabit | Multiplers I
I I | Transceivers | * Embedded Ethernet
MACs :
1985 1992 2000 2002 2004 2005
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New use models enabled with Reconfigurable FPGAs

Spectrum of Reconfiguration

Occasionally Peri Frequent Run-time

A\

Field Upgrades Rapid Design Data Processing Networking Signal Processing

More efficient use of hardware
Adaptive hardware algorithms

Design modules that time share device

resources
Reduced device count and lower power
consumption

10/7/2008




FPGA Partial Reconfiguration

Think of an FPGA as Two Layers

Configuration Memory Layer
User Logic Layer

Configuration memory controls
functions on user logic layer

Partial Reconfiguration allows a
portion of device to be changed
while the rest is still running

Documented in XAPP 290

10/7/2008
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Configuration Memory Layer

What FPGA Configuration Memory Controls

All interconnection (wiring)

Logic Definition (Look-up Tables or “LUTs”)
Multiply by, divide by, etc.

Inversion

Feature selection

Interface to hardwired blocks, e.g. PPC
Pipeline on/off

ECC enable/disable

BRAM width

1/0 Modes
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Partial Reconfiguration Modules (PRMs)

One or more PR regions can be

defined
. ] XC2VP30
Multiple PRMs can be defined
for each region PR Region A
PﬁtM A1
PRM:-A2
PR Region B
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Timing Constraints

Timing Constraints give the tools a performance goal

Place & Route uses timing constraints
PAR runs the timing analysis tool in the background
Real-time analysis of current results against performance goals

Without constraints, PAR tries to reduce run-time
Finishes quickly
Modest effort to optimize performance

With constraints, PAR tries to meet performance goals
Run-time may be longer
Aggressive time constraints and higher effort levels can significantly increase
run-time
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Basic Timing Constraints

PERIOD — Target clock period for internal sequential paths

OFFSET IN BEFORE — Target “input setup” time (Tsu)
Reference between external INPUT pin and CLK pin

OFFSET OUT AFTER — Target “clock to out” time (Tco)
Reference between external CLK pin and OUTPUT pin
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PERIOD Constraint
CLOCK PERIOD

NET “MYCLK" TNM_NET =" MYCLK *;
TIMESPEC " TS_MYCLK " = PERIOD " MYCLK " 10 ns HIGH 50 %,

Data paths between synchronous elements only
Does not cover
Cross clock domains between unrelated clocks

v/
. X X
2 Clock Period > LS
Initial active edge used for =), )
OFFSET value is settoHIGH  [¢—  PERIOD —| X iy B —X
T L A R
—| k— meut_amTer < X

D
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OFFSET IN BEFORE Constraint

OFFSET IN BEFORE

OFFSET = IN 5 ns BEFORE “MYCLK" ;
“The signal will be valid at the pad X nanoseconds before the clock appears
at the clock pad...”
Covers the first path to a synchronous element

Recommendation for high performance:
Use the IOB registers

./

& Pad to Setup & > X
D_ e :>—§|ElktioFFSET > _> > _&
D_D_ > I\.&cilive edge ? B}

PERIOD N s X
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OFFSET OUT AFTER Constraint

« OFFSET OUT AFTER
OFFSET = OUT 7 ns AFTER "MYCLK ";

— “The signal will be valid at the pad X nanoseconds after the
clock appears at the clock pad...”

— Covers the last path from a synchronous element

— Recommendation for high performance:
» Use the IOB registers

X
0
G
X

& Clock to Pad il S S

D_D_ > I\Active edge

defined by X
PERIOD

X _Data X r
o e e oFFsET —> r> —> I—>
i
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UCF — User Constraints File

10/7/2008

#
#Global Clock Constraint
# constrain net on external pin

NET “CLK” TNM NET = “CLK”:

TIMESPEC “TS CLK” = PERIOD “CLK” 20 ns HIGH 50%
i

#Input Timing

OFFSET = IN 8 ns BEFORE “CLK” ;

i

#Output Timing

OFFSET = OUT 5 ns AFTER “CLK” ;

i

#Pad-pad combinatorial timing

TIMESPEC “TS P2P” = FROM “PADS” TO “PADS” 15 ns;
i

# Input timing exception from global input constraint
NET “STRTSTOP” OFFSET = IN 3 ns BEFORE “CLK” ;
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E Xilinx - ISE - C:\Projects\watchver\watchy

File Edit View Project Source Process Wi

I EEIEEEEREEES

Sources for: I Syrthesis/Implementation 4 Xilinx Constraints Editor - [Global - stopwatch.ngd / pwatch.uct] =10§ x|
E‘ 'ijatchuer .é? File Edit view Window Help -8 x|
E----|§reau:|me
B £ xc2vp2-g256 1D R X |0 LN

=g w stopwatch (stopwatch v)
- 3 Inst_dem1 - dem1 I,dcnjﬂxaw} Clocke ek Name h e Pad to Setup ook b Pod
- [W] MACHINE - statmach (statmach .v) }__
{] xcourter -tenths {enths xco) CLK 20ns HIGH 50 % dns Sns

- | | one_decode - decode (decode v)
- [] sty - crt60 (ert§0.v)

-] lebled - hex2led thex2ed v)

- [ msbled - hex2ed hexed.v)

- [ stopwatch uc (stopwatch ucf
[l stopwatch.uef (stopwatch.ucf) Padto Pad.. ||15ns

EN? Sources | iP5 Snapshots I [ Libraries I

-@ Global .@ Ports @ Advanced .@ Misc

Processes:
[  Add Existing Source = INET "CLK" THM_MET ="CLK"; = =
-  Create New Source TIMESPEC "TS_CLK" = PERIOD "CLK" 20 ns HIGH 50 %,
- & View Design Summary OFFSET =M 8 ns BEFORE "CLK" ;
-3  Design Utiities QFFSET =0UT 5ns AFTER "CLK" ; |
I'_—'I‘ﬁ' i TIMESPEC "T5_P2P" = FROM "PADS" TO "PADS" 15 ns; ﬂ
Create Timing Constraints L Constraints {read-write) | Constraints {read-only) I Source Constraints {read-only) Emors | Wamings I Info Messages I

Create Area Constrairts
“[£]  Edit Constrairts (Text)

= P Synthesize - XST

=- # (D) Implemert Design

#-f2  Generate Programming File
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Estimated
Timing Report

“Post Map Static Timing”
Not used for most designs
R
- =
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User Timing
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