ECE 270 Introduction to Digital System Design Spring 2014

In-Class Homework for Module 2 — No. 1
Monday, February 17,2014

Given the truth table, below, determine the following:

X|Y|Z]| FX,Y,Z)
olojo| 1
001 1
ol1/o] o
011 1
1/0]0 1
101 0
1{1]o] o
111 1

F(X,Y,Z) expressed as:

- a canonical sum-of-products:
FOXY,2) = XY-Z0 e X2 e XY Z e XY 2 XY 2.

- a (two-level) AND-OR circuit realization:

=)

o e T S S Sttt e Az

canonical product-of-sums:

FOLY,2) = (XY +2)« (X+Y+2): (XY 2)

- a (two-level) OR-AND circuit realization:
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In-Class Homework for Module 2 — No. 1a
Monday, February 17, 2014

1. For the function mapped below:
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- Write a minimal sum-of-products expression and draw a NAND-NAND
realization:

Falhz sz en-zney e D=L F
o

Y=
F=Y"Z+ W Z+We XY -
F= (Yaz)- (W) (wegsY) %
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2. Express the complement of the following function as an ON SET and draw a
NAND-NAND realization:

FX,Y,Z) =Y + XZ'
F(X, 4,2 =Y (X' +2)

) 1

=YL X +Y-2Z

Y
X

v
Z

3. Express the dual of the following function as an OFF SET and draw a NOR-
NOR realization:

FX,Y,Z) =Y + X'*Z
F(,Y,2)= Y- (X'+Z)
=Y X'+Y-Z
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In-Class Homework for Module 2 — No. 1b
Monday, February 17, 2014

In determining a- minimal sum-of-products expression for the function mapped
below, indicate whether the following statements are true or false:
, a
k\J:\ W’ { w /

‘\ \

J o {1¥] o m
Y’ :
\7)

The term W'¢Y is an essential prime implicant.

F
@ The term X'¢Z' is an essential prime implicant.
® The term W’'eZ/ is an essential prime implicant.
F

The term W’'eX is an essential prime implicant.
F - The term Y*Z/ is an essential prime implicant.

@ F  The term WeX'eY' is an essential prime implicant.

Write a minimum sum-of-products expression for this function:

W'z’
(49
FWXY,Z) = WY Y2 WY AW X Y2
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In-Class Homework for Module 2 — No. 2
Wednesday, February 19,2014

1. Sketch the response of the circuit, below, to the input signals provided. Assume
the input signals (A, B, C) have been in the initial states shown prior to the
beginning of the chart, and that each gate has a tpry and tpyy, of 10 ns. Identify
the hazard (by name) if one occurs in the output (F).

W

1 2 1
A g A

2

1 g 1

3
l———z 4
C 5

10 ns
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2. Determine if the function mapped below can be simplified in terms of XOR or
XNOR operators.
w) |

piap
Y‘*QJO
NE(nD

JEIS,

x| x ||x

i,

\xg—jﬁ >
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In-Class Homework for Module 2 — No. 3
Monday, February 24, 2014

1. Write an ABEL file that realizes the following functions in a 22V10 PLD:
» F(AB,C,D,E)=A"B:C+A-B"-C"E+B-C-D"E'+ A-B:C""D
» G(AB,C,D,E)y=A"DE'+B'""C"E'+ A-C-E + B-D‘E

MODULE Probleml

TITLE 'Module 3A Problem 1'
DECLARATIONS

a,b,c,d,e pin;

f,g pin istype 'com';
EQﬁATIONs

f = lagb&c # a&'b&lc&e # b&celidéle
# agbé&lced;

g = la&d&'e # 'b&'céle # a&c&e # b&dae;

END
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2.  Write an ABEL file that realizes the following truth table in a 22V10 PLD: -

XTYTZ] FX,Y.Z)
0/ofo 0
0|01 0
0l1]0 0
011 1
1]0]/0 0
1101 1
111]0 1
11171 1

MODULE Problem2

TITLE 'Module 3A Problem 2'
DECLARATIONS

X,¥,Z pin;

f pin istype 'com';

truth table ([x,y,z]->[£f])
[0,0,0]1->[0];
[0,0,1]->[0];
[0,1,0]->[0];
[01111]_>[1];
[lfolo]->[0];
[1,0,1]1->[1];
[1,1,0]->[1];
[1r111]_>[1];

END
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In-Class Homework for Module 2 — No. 4
Wednesday, February 26,2014

Demonstrate that you can implement any arbitrary 3-variable Boolean function
using just a 3:8 decoder with active low outputs (specifically, a 74x138) and a single
4-input NAND gate (plus some resistors and an LED).

HINT: The LED may be connected in either a sourcing or a sinking configuration.

(a) Implement the function F(C,B,A) = C'A’ + C-B"A

Derivation:
£ C Use 1’s (since fewer of them)
Al l 11010
ZC,B,A (0:255)
AlO0O]JOJTO]1
B’ B B’ Yields F — source current to LED
vi:_c
e § Jo b
= ' He ko )
—o"0 | g G1 Y4N 3—!3](1,
| —50 G2AN Y5N Pg 1
= +—9 G2BN YeN pz—0
G | Y7N p—0

|I
P73

(b) Implement the function F(C,B,A) = C""B"*A" + B:A + C-A’

Derivation: C’ C Use 0’s (since fewer of them)
Al 1l 0 1 1
AlO 1 1 0

HC,B,A (1 7235)

Yields F' — sink current through LED

B’ B B’
v]c_c
oo § 15
1 1 JON 4
57 2 A YiIN Py3
o 518 Y2N P75 |
c Y3N Py
+—o0"0o ! & G vaN pH—o
52 G2AN Y5N Py 1
= 9 G2BN Y6N pm—>0 v
- Y7N p—0 \
= N
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In-Class Homework for Module 2 — No. 4a
Wednesday, February 26, 2014

Complete the ABEL file, below, that implements a “dorm-room alarm” system using a 22V10

PLD. Your alarm should accommodate eight sensor inputs, labeled 80 through 87, plus an ARM

input that can be used to arm the alarm. If any sensors are asserted while the alarm is armed, the

number of the highest sensor asserted will be displayed on a 7-segment common-anode LED.

Note that there are a total of nine (active high) inputs and eight (active low) outputs. In

summary, the alarm should function as follows:

o If the ARM input is negated, the ARMED output indicator should be off and the 7-segment
LED should be blank.

o If the ARM input is asserted but all the sensors are negated, the ARMED output indicator
should be or and the 7-segment LED should be blank.

o If the ARM input is asserted, the ARMED output indicator should be on and the highest
numbered input asserted should be displayed on a common anode 7-segment LED.

-~

MODULE dormalm

TITLE 'Prioritized Dorm Alarm with 7-segment Display'

DECLARATIONS

$0..87 pin 2..9; " sensor inputs

\RM pin 11; " ARM (enable) input

LA, !LB, !LC, 'LD, 'LE, !LF, !LG pin 15..21 istype 'com'; " 7-segment display outputs
IARMED pin 14 istype 'com'; " ARMED output

X = X.; " short hand for don't care

TRUTH_TABLE _
([ARM, S7, S6, S5, S4, $3, s2, sl, S0] -> [ARMED, LA, LB, LC, LD, LE, LF, LG])

(0, XX X X X, X X A0, 0,.0,0, 0 000, 01:"H
p o 0, 8, 0, 8,8, 0,0, 63t |, 9.0 9, 9, U, 0 OiMF
(1,0,0,0,0,0,0,0 [1->cl, L, 1, 1, L, 1, 01"
0 6, 0. 0.9, 8. 8 b s, 8. 1% 088, §1:9
( L0 8,00, 0, LB, Bn»ll, 18,0000, 007
cl,0,0,0,0, 0.4 X, Xo>0), 1oL 0, 1,0,0, 11:"3
(1.0,0,0 I.X. X, X, X3»>11, 0,14,1,0,0, 1, 1"
c1L, 0,0, 1L X, X X X X ), N, 000,000,195
.0, Lo % XA X, 4.8 0:01s1sls 122'E
L XX XXX X Xl L L 0,0,0, 0, 00"

END
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Show a complete schematic for your dorm alarm, including the input switches and LED
outputs. Use the 22V10 pin numbering declared in the ABEL file you completed on the
previous page. Assume all LEDs have a forward voltage of 1.5 V, that Vg, of the PLD
outputs is 0.5 V, and that 20 mA of current is to flow through each LED. =Add any parts
you deem necessary and indicate their value.

7-segment LED configuration

Nee
I3 | LB | IC | D | LE | ©F | 1G
ARMED h 4
X T R RROR
I ol
| 1o -%;‘—r——J "
| 110 j‘B—E’
| 110 73 Yy -
| 1[0} £ h e
| 110 L6 ” e
| /O fop—3 ; T
| 110 o7 £l e v
| 11O 1
22

I IO o33
| o —14

|
P I/CLK

VCC

22v10

All LED curreth l.lm't-HV\j resis+0rs are :(5 ’0.5“’-5)/0-02O'“'B.D/O.OQ:ISO_JL
Sw} o\/\ .w\Pv\—\— Po'r+ Fu\”‘mr Y@gls—hw‘s skoulcl be, IO k—ﬂ— (OV‘ Somej—t\;mj

i Thal wanje).
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In-Class Homework for Module 2 — No. 5
Monday, March 3, 2014

Show how you can implement arny arbitrary 3-variable Boolean function using only an
8:1 multiplexer (specifically, a 74x151), an LED, some resistors, and some DIP switches
(note that a “closed” switch should be interpreted as a loglc “07, while an “open” switch
should be interpreted as a logic “17).

VCC
TR k rens
: Ay
—O/C ; DO w 8
O/C f g; Y%(
T 15 gi
oo 5] 08
D7
- I
9
| T*’
o/c =
oo
-——-—-—O/C
| BN

s 1 =2%=2%=25(

How many different functions of three variables are there?

To implement the function F(C,B,A) = C"*A’ + C-(A®B)’ on the circuit, above, determine which
“data” switches should be closed.

Circle the input switches that should be closed: DO @ D2 D4 @@ D7

Show your derivation in the space below:

Derivation:
C' C
F(C,B,A)=C""A" + C-(A®B)’
= C"A’+ C(B"A’ + B-A) All1]110f1

=C"A'"+ C-B"A'+ C'B'A

HC,B,A (1 s34 36) B’ B B’
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In-Class Homework for Module 2 - No. 5a
Monday, March 3, 2014

Assume a hypothetical PLD has macrocells of the following configuration:

FO
| 0 1
A

);G w ' ' ——<— CEPIN
Y|l —

DO D1 D2 D3

F2 —B
Fl1 —A

Y

. =D -
F3

A7A

L] L

<1 INPUTPINO} To’[al
of 10

<] INPUTPIN®

e The maximum number of product terms that can be implemented by each macrocell
when FO=01is: 3
e The purpose of the XOR gate is to: select 0’s or 1's of function and/or control pin assertion level

e The purpose of the demultiplexer is to: route one of the product terms to tri-state enable or OR gate
e The purpose of the multiplexer is to: _select the source of the tri-state output enable

e The value to which F1 and F2 should be set to allow the I/O pin to be used as an input
pin:  F2= 0 Fl= i

e The value to which F3 should be set to realize the ON SET of a function with an

active low output: 1 to route output of an AND
o IfFI1 =0 andF2 =0, then FO must be set to: ¢ Reason why: gate to the tri-state enable




