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Jonathan W. Valvano    First:_________________   Last:_____________________ 
November 21, 2008, 2:00pm-2:50pm.  Open book, open notes, calculator (no laptops, phones, devices 
with screens larger than a TI-89 calculator, devices with wireless communication). You have 50 
minutes, so please allocate your time accordingly. Please read the entire quiz before starting. 
 
(20) Question 1. Design and implement a software function that performs logarithm base 10. The 
input of the function is an unsigned 16-bit fixed-point number with a resolution of 0.01, and the output 
is a signed decimal fixed-point number with a resolution of 0.01. For example log10(0.01)=-2.00, 
log10(0.10)=-1.00, log10(1.00)=0.00, log10(2.54)=0.41, log10(10.00)=1.00, log10(20.00)=1.30, 
log10(100.00)=2.00. No floating is allowed. 
// input: data is integer part of the fixed-point number Δ=0.01 
// output: integer part of the fixed-point number Δ=0.01 
short log10(unsigned short data){ 
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(20) Question 2. You are given two digital lines on PT7 and PT6 and are asked to implement an SPI 
output channel with PT7 as its clock and PT6 as its data. The mode will mimic CPOL=0, CPHA=0. 
Part a) Show the ritual that initializes the interface. Be friendly. Show comments. 
void SPI2_Init(void){   
 
 
 
 
 
 
 
 
 
Part b) Write a C function that outputs one 8-bit digital value to this SPI channel. Make it run as fast as 
possible. Be friendly. Show comments. 
void SPI2_Out(unsigned char data){   
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(30) Question 3.  Consider the 6811/EEPROM system designed in Lab 8. The system will be 
redesigned to provide for more output pins. Rather than connecting a 74HC595 to SPI, using 4 pins to 
create 8 outputs, we will connect a 74HC374 octal D flip-flip directly to the address/data bus of the 
6811. You need to redesign the Lab 8 computer to connect both an external EEPROM and an external 
74HC374 to the address data bus of the 6811.  This 8-bit output port will be placed at $4000, and 
respond only to write cycles. In particular, when the software writes to $4000, new 8-bit data will be 
available on the outputs of the 74HC374. Read cycles to $4000 have no effect. The following is the 
memory map of the augmented Lab 8 system 
 $0000 to $01FF 512 bytes of internal RAM (globals and stack) 
 $1000 to $103F input/output ports 
 $4000 the new 8-bit output port using a 74HC374 
 $B600 to $B7FF 512 bytes of EEPROM (your program) 
 $BF00 to $BFFF internal boot loader (to download programs) 
 $E000 to $FFFF your external 8K EEPROM         
Part a) Show the design of the address decoder for BOTH the 74HC374 and the EEPROM 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Part b) Show the design steps to create the 74HC374 control signals. Fill in this table  

Select R/W E CLK /OE action 
0 0 0    
0 0 1    
0 1 0    
0 1 1    
1 0 0    
1 0 1    
1 1 0    
1 1 1    
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Part c) Interface both the EEPROM and the 74HC374 to the 6811. Additional gates are allowed, but 
not needed. 
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Part d) Assuming the E clock period is 2 MHz and the delay through the 74HC138 is 10ns, what are 
WDA and WDR for this 6811/74HC374 interface. 
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(30) Question 4.  You will design the analog hardware for a data acquisition system to measure 
displacement (vibrations, distance). The range of displacement is -1 to +1 mm.  Each resistance in the 
bridge is linear to displacement having a sensitivity of 10 Ω/mm. At zero displacement all four 
resistors are 1000 Ω. The displacement signal exists in the 0 to 1000 Hz frequency band.  
Part a) Fill in the following design table. The bridge output (V2-V1) is a differential voltage. 
Displacement 

(mm) 
R1 
(Ω) 

R2 
(Ω) 

R3 
(Ω) 

R4 
(Ω) 

V2 
(V) 

V1 
(V) 

V2-V1 
(V) 

V3 
(V) 

ADC 
result 

 
-1 
 

 
1010 

 
990 

 
990 

 
1010 

     

 
0 
 

 
1000 

 
1000 

 
1000 

 
1000 

     

 
1 
 

 
990 

 
1010 

 
1010 

 
990 

     

 
Part b) A good CMRR is required. Design the analog circuit using just the single +5V supply mapping 
the bridge output (V2-V1) into the ADC input channel 3 (V3). You do not need to add an antialiasing 
analog low pass filter. Show chip numbers, resistor values, but not pin numbers. 
 
 

+5.00
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You may assume the setup time is 30ns and the hold time is 5ns relative to the rising edge of CLK. 
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