Problem 1 {10 points)
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Inputs: a.bce {0.1}

Outputs: z € {0.1}
Function: . 1 if one or zero inputs are 1.
0 otherwise
/
1. (4 points) Complete the given table. it

_—

2. (8 points) If the constant input 0 is allowed {but pot 1i. does this function form a unrversal set”™ s 2t
universal if 1 is allowed but not 07 Show proof. ( ‘
Sel"

e {'L\ ces "r\‘CLiOVK ?orma U riversa
o

] ¥ b ;y'e)‘ ) !
Hold a 0% E(azb o) 15« onverst KARP gak
b ¢

»' this +$ NAND(b,C) v

E(a‘t b C) - Uﬂ‘v‘cff“’ A}OR SQ“Q

0\01 a=l"

H

b e Z v
”l Hors s NOR ()
(

P4



Wﬂt ol

{aV + V(¥ + Ha + b}

(b Y B + e+ b)

(o + B (W + cHa+ b}

(& + B (afr ac + W + bet)
(d + 8)(0b + ac)

(a + b){ab + ac)d

(0a’d + abb + as’c + abc)d’
abd + abed’

abd’

" 1, (4 points) There is at least one mistake in this simplification. Find al] stepe that sre derived incorrectly
from its previous step (for example, write (8)—+(9) if equation (9) is derived incorrecily from (8)).
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2. (6 points) Show the correct simplification gf (1).
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Z. {4 points) Show
) Show the caiet _ | |
) =3¢ switching expression of « y and zp in sum of minterms form.
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3. (4 points) Show the switching expression of z; and zp in product of maxterms form.
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Problem 4 (15 points) @

Answer the following questions about the given CMOS circuit.
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1. (7 points) There is a problem in this CMOS circuit. When a =1, f =1 and h = 1, there exists at least
one combination of signals that activates both the pull-up and pull-down networks and forms a direct path
from Vpp to ground. Show any single combination of values that makes this happen.
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2. (8 Points) Assumin g that the pull-up netwnrk has the correct functionality that we want, show the
fon for the ocorresponding pull-down petwork. Whicrh one of the [olinwing is the expression equivalent

to? {each letter in the diagram stands fir an NMOS transictor)
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Problem 5 (20 points)

Consider the following gate network. The gate characteristics are given in the

~ Gate
Type
NOT
AND

NAND

NAND
XOR

Lahelall—~2» 4

“Fan Propagation Delaya (n8) Lond Factor
in e tonr, !
1002 1 0.0380,_ 0.0+ 0.0171 10
9 10.15 4 0.037L7) 0.16 4 0.017L 10 <
2 0.0+ Q.038L_\0.08 1 0.027L] 1.0
3 [0.07+0.038L} 0.09+0.039L 1.0
2 1.1 |
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1. (8 points) Determine the propagation

appropriate values.

Gate type and fan-in
LH / HL
Output load L
A
0. 7, bc‘ Propagational delay
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‘: L62=20 'E Lo.=2.0
t Les= 25 . Lgs = 4.5
Les=3.5 ' Lato=3.5
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table below,
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delay tpr(z — 2z). Assume that the unconnected inputs
G6, G11 and G12 have value 1 to allow changes in z to propagate to z. Fill in the blanks below with the
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2. (8 points - -
kmtz)?;hlreothergates,alowtohighinputforanXORgatecancausetheoutputtotransitionboth
ghandfromhightolow.dependingonthevalwoftheotherinmn.
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ltzwltohigh’b“twmﬂz=1,thesa.melowtohightransitionatywillcametheoutputtomove&mnhigh
ow.

Taking this into consideration, find the worst case value of t, 5 (z — w).

BecauseG?isanXORgate,weneedtooonsiderbothlowtohighandhightolowtra.nsitionsatthemxtput
of G1, and select the worst case. Fill in the blanks below with the appropriate values.
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3. (4 points) What is the worst case value of toru(z — w)? /
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Problem 6 {18 points) ‘54

(4 Doimte To L .
{4 poimts ] Yol ot the folowing Komap.

AT

. (4 points ) Find and cirele all the prime implicants. How many Impllcants are there? Show.
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3. (2 puiuts) Whutk e 10e essential prime implicants?
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5. (4 points) Find all the prime implicates and show them on the K-map. /\ (
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Problem 7 (12 points)

Obtain the minimal expressions for the following combinational system using K-maps. The system is a Gray

code-to-BCD converter.

Input: z € {0,1,...,9} in Gray code
Output: z¢€{0,1,...,9} in BCD

The Gray code table is shown below:

Digit | Gray code
0000 8 | 1100
0001 9 | 1101
0011 10 | 1111
0010 11 | 1110
0110 12 | 1010
0111 13 | 1011
0101 14 | 1001
0100 15 | 1000
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1. (4 points) Complete the binary switching table.
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