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(10) Question 1. Thefirg solution technique involves a bridge and insrumentation amplifier.
Pata) Ohm'sLaw  R=1000W, Vi, = 2.5V (1000/2000)-1.25V = 0V.
R=2000W, Vi, = 2.5V (2000/3000)-1.25V = 0.4167V.

Part b) Gainis5V/0.4167V = 12.
Part ¢) Resolution=Range/Precision, which is about (2000WW-1000W)/1024 = 1W.

(20) Question 2. The second solution technique involves a current source and linear amplifier.

Part @ The plus termind is OV, and because d the negative feedback, the — termind will dso be OV.
Therefore, the current through the 1kW resistor is 2.5V/1kW = 25mA. Since no current goes in the op
amp, this 2.5mA flows across the transducer R.

Part b) Usng Ohms Law, the voltage range is —2.5V < Vi, < -5V. There are two vdid solutions. If you
map —2.5V to 5V and -5V to 0V, then the equetion is

Vout = 2Vin +10
If you map—2.5V to OV and -5V to 5V, then the equation is

Vout = ‘2Vin -5

Part ¢) Resolution=Range/Precison, which is about (2000W-1000W)/1024 = 1W.

(20) Question 3. The third solution technigque involves an astable and period measurement.
Part @ Using input capture, the period resolution is 250ns. The precision is 16 bits, so the maximum period
that can be measured is 65536* 0.25ns = 16384 1s.

Part b) P(ns) = 0.693+C+(R+2000). At maximum, 16384 ms = 0.693+C+(4000), 0 C = 5.9 nF.

Part c) Using the above equation, the range of periods will be 12266 to 16354 s, with a resolution of
0.25ns. So, the precision is 16352 dternatives. The resstance resolution=Range/Precison, which is about
(2000W-1000W)/16352 = 0.06W. Another way to get the resolution is to pick two periods that the
gystem can resolve. E.g., it can distinguish P=15000rs from 15000.25rrs. The two resistances for these
two periods are 1668.65W and 1668.71W, so the resolution is 0.06W.

(5) Question 4. Firdt, you write $35678 in binary.

$35678 = 0011 0101 0110 0111 1000

Since PPAGE is 16K, you take the bottom 14 bits for the offset and the rest for the page number
Offset = 01 0110 0111 1000
Page= 001101

The Page number is used directly, and $8000 is added to the offset to get the address to access

PPAGE = | OxOD |
data = *((char *) (| 0x9678 )));
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(10) Question 5. The L293 isagood solution, from the data sheet change Vcc2 to +12V, connect
1,2EN to PTO and ControlA to PT1
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(10) Question 6. The worst case deta available is the shortest interval, which will be the maximum of
[80,100] and the minimum of [200,220].
DataAvailable = (100], 200)
The data required interva istherise of the clock minus setup to rise of the clock plusthe hold time
DataRequired = (?Clk-50,?Clk +20)
The worst case data required is the longest interva, which will be the minimum of [170,190] when
consdering setup and the maximum of [170,190] when considering hold time.
DataRequired = (170-50,190+20) = (120,220)
The datawill NOT be properly stored, because it violates the hold time if the data available ends early a
200, and the ?CIk islate at 190).

(10) Question 7. A fuzzy logic controller
Part @) The first dope is 256/(165-80) = 3.0118, which we will approximate as 3. The second dope is
256/(240-197)= 5.9535, which we will approximate as 6.
Tab: dc.b 80, 3, 240, 6
or
Tab: dc.b $50, $03, $F0, $06
Part b) The Fuzzy Logic OR isthe maximum. The Fuzzy Logic AND isthe minimum
Heal t hy+W se= 200 ( maxi num of 200, 50)
Happy*200 = 100 (m ni mum of 200, 100)
Part c) Show the ROM-based data structure uses the 8-hit index, not 16-bit address
Rul es: dc.b happy, heal t hy, $FE, good, $FE ; good=good+happy*heal t hy
dc. b happy, wi se, $FE, good, $FE ; good=good+happy*w se
dc. b $FF
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(10) Question 8. Desgn an andog circuit
Step one, rewrite with reference chip voltage (none needed).
Vout = 4V2 + 2V1 + Vo
Step two, add a ground as a extrainput, with again such that the sum of the gainsis 1.
Vout = 4V2 + 2V1+ Vo -6 Vg
Step three, choose a feedback resistor which isacommon multiple of 1,2,4,6. R=240kW.
Step four, select four input resstors to get the desired gains.

Ry /W\ 40kW Rf /VV\ 240kW
-

R 60KW - Vau
5 Sl
A +
R 120kw
vi—
240kW
vo— A

(25) Question 9.
int Path[4][4]={ /* I nit | nChar Qut Char Cl ose */
/* col um 0 1 2 3 */
[* Init row 0*/ { 0 , 1 , 1 , 1 [,
[* InChar row 1*/ { 0 : 1 , 1 : 1 |,
/* Qut Char row 2*/ { 0 : 1 : 1 : 1 [,
/* Close row 3*/ { 1, o | [ o | [ 0 }}¥;
Part b)
void SCl _Init(void){

i f(Path[State][0]==0) OS Kill(); // kill if illegal

State = 0; /1l performvalid Init

SCI BD = 13;

SCICR1L = 0;

SCI CR2 = 0x0¢G;
}
char SCI _I nChar (void){

if(Path[State][1]==0) OS Kill(); // kill if illegal

State = 1; /1l performvalid InChar

whil e((SCISRL & RDRF) == 0){};
return(SCl DRL);

}

voi d SCI _CQut Char (char data){
if(Path[State][2]==0) OS_ Kill(); [// kill if illegal
State = 2; /1l performvalid QutChar

whil e((SCISR1 & TDRE) == 0){};
SCI DRL = dat a;

}

void SClI _Cl ose(void){
if(Path[State][3]==0) OS_ Kill(); [/ kill if illegal
State = 3; /1l performvalid Close

SCI CR2 = 0x00;
}



