Problem Set 1 Answers -
CMOS transistor-level network
and hazard circuit



Problem 1

- OAI221 (OR-AND-INVERTER) & CMOS transistor-level
diagram= 12 EO}2}. (X S2: P-FETI} N-FET network=
2= EXHE 20[7] HEh. £3t, & ALE St transistor= 25

=R 7N 1742 (22 7H 9| transistors AFE3HOFY)

xc-,ll:l-:

fofl it N-FET network2 M QHELL.

’ z f, = f = (AVB)A(CVD)AE

f 2| dualityS A3l M P-FET networkE THELL,

m O N >

Gate symbol of OR-AND-INV (OAI221) gate

f = (AVB)A(CVD)AE = (AAB)V(CAD)VE

kM, transistor ZH4== 107H0|Ct.




Problem 2

Zt2} 1-pitQ! 4709 inputs a, b, x, y2F 17H9| 1-bit?! output z2

-1 1
O|20{ %l 3|27t UL} 4709| data inputE<= OF2ie| E|O| =1t
&2 logic operationC 2 2[27} s&5tCt Chg 220

CHSHY S MIS| BokA 2.

a b v Gate Delay(ns)
0 0 XAy 2-input OR 1
0 1 (XAy)V(xXAY) 2-input AND 1
1 0 xXVy 3-input OR 1
1 1 == INV 2




Problem 2.1

. 329 ZEZ BHISI= Karnaugh-maps 12|A| 2.
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00 0 0 1 1

01 0 1 0 1

11 1 0 1 1

10 0 1 0 0




Problem 2.2

?o| 2|20 M Hazard Y= 2=ZE DALt 7HESHAL 2-
input OR, 2-input AND, INV2tZ O| &3l 4-level 2| 2ZE 2|10
a0 ol & ot= simplified Sum-of-products (SOP) 2 2
HYSIA| 2, ot delayEE &S0 A[ZHO| [HE signal
graph& &0oll Hazard?t 21X 2MSt=X d2lA|L. (T,
Hazard @ 2 & =l signal2 1nsO| BIStCtD 7S
inverter= level Al 410 Lot | X| ¥ =L SHCE)
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Problem 2.3

 3-input OR, 2-input OR, 2-input AND gate, INVZtZ ALE5}0
2.2 0| A &St HazardE L[5 = 4-level 2|25 2[A|2,

Heh oAl :(y AaAb)E 7IE problem 2- 22| Aoj| 7}

(E/\y/\a)v(EAaAE)v(x/\y/\a)v(x/\y/\E)V(E/\y/\a/\b)v(x/\y/\a/\b)v(y/\a/\E)
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Problem Set 2 answers —
Boolean logic optimization and
combinational logic



Problem 1

- F=(@&b&d)|(~a&c)|(b&c&d)E Boolean axiomsi}
theorems= M8 F=(a&b&d)|(~a&c) E 7tES| &S
2 e},

Y
F=(@&b&d)|(~a&c)|(b&c&d)
=(@&bé&d)|(~a&c) (- Consensustheorem)




Problem 2

« Ozl Verilog code= & & 15 010l CH3H c[5:0]2 FSt=
combinational logic2 TH=7| ¢t AL = &***OF Verilog
codeO|LCt. & X| 2= combinational logicO| =712 T+ OfL|
ct ™, gate-level diagram= 121 2l combinational logicO| Of
K| X| =5} = Oref,

— wire [5:0] ¢ = ({~r[4:0], ~r[5]} & {c[4:0], c[5]}) | 6'b000100 ;



& Combinational logicO|C}.

f,B
&)

Ol : M2 M2|5l™ C21t 20| combinational logic2 2 B¥ 7ts = AND?

c[2]=1 [
c[3] =~r[2]

c[4] = ~r[3] A ~r[2]

AND2

e
AND3

l_ VoD

i

c[5] = ~r[4] A ~r[3] A ~1[2]
c[O] = ~r[5] A ~r[4] A ~r[3] A ~1[2]

R)
Lt

c[1] = ~r[0] A ~r[5] A ~r[4] A ~r[3] A ~1[2]

NOT:
AND4

—

o p o poE

2)

REZ O7°| Or19| F HA inputofl &&10] c[2]7F 10 |2,

ZuMo 2 o2 A7 Z2 acyclic®t diagramO| EILCL)

—~~

NOT!
ANDS

il

ANDS

(c) 2005-2012, W. J. Dally




Problem Set 3 Answers — MUX design



Problem 1.1

 1-hot selectE 7}X|= MUXE M A sl2{ 1 siCt CHS 220
CISEA| 2.
— 02| 1-hot selecté 7t X|= MUXO|| I:H5H cell library2| A,
B, C cell type Bt instantiate S A £33t gate-level
schematice 12 202}, & A%t transistore= 25 H
W17t (X2 709 transistore AHESOF &

T+ MUX At ofg O 20| gateE HZSHFH EICL. NAND gate= transistor 47, NOT gate= transistor 27| 2 34
£lo] Qoo 2 WYt transistore] £ 4 X 5+ 2 = 2270|C},

in0

out
in1 ¢
in2

s2s1s0

}_ Transistor : 5x 4 + 2= 22
A o
O H- B

“F’F‘P‘FEF’

Cell library




« 1-hot selectES 7 X|= MUX

Problem 1.2

oA 2.
— O|H0f|l&= B, D cell type2tZ instantiate S§ A T3¢ 3t gate-

= A
=

M A|SHed T S

—

I ChE =50

level schematicS 2] EO2}. &£ AFE St transistor= &
= S IHQI7F? (XA 71O transistorS AR OF &

in0
in1
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s2s1s0
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Problem 1.3

cff 2F 22 gate-level schematic= die0f| ¢ (placement & routing)
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Problem 1.3

O] I, 1.104| A 73t gate-level schematic= OF2H 2| diedi|
%| A 9| wire length2 T3 (placement & routing)dll £ 0t2}. Of
[t} 243t wire length= L0712 (B 1.1)2] B HO| A OfH

gate’t AFE L A=K AR A)

N

\3

A1)y
A2}

A3

A4y

>y

Al

AS

Y.y

\2

Wire length : 41



Problem 1.4

O|HO|l= 1.20| A T} gate-level schematics OF2 2| dieOf|

%| A 9| wire length2 T3 (placement & routing)dll £ 0t2}. Of

[} 245t wire length= L0712 (B, 1.2)2] B 2H0;

gate’| AFE LU E=X] AR A)
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in0
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in1 *LB‘
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Wire length : 15




Problem 1.5

=AM 1.1~ 147K 2| S &= Sofl &= Hf, Z2EHC = {A,
B, C} 2t {B, D} AL 2| MUX 713 e
TEE S TP ofi 2{0| Tt BTt

M
{A, B, C} &H:

1. Floating state outputO| 7| X| &2 &, TtY Tri-state 7|52 X2 MUX & AISA 2 M
UXE 2t= Mff (0f]: 6-inpit MUXE 3-input MUX 2702} 2-input OR gate 1742 TS 0y =
Uxe| floating output= E’E"OHA'I 2 MUXE T+8st=tl 024 Z0] AZ. X[ CMOS gate 7|“*
MUXE 0|2{8t 2X|0f|A] XS

2. AF83}+= transistor?] =71 M

{A, B, C} THH: 1. Wirelength S Cf 20| At23|of &




Problem Set 4 answers — Decoder design
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Problem 1.1

¢ 4:2 encoder(s)Qf 8:3 encoder(s) = AFE5H A 32:5 encoder
(28 a, =8 bE HA|)E 22t block diagram= & 02t
(—¢ 01| *fﬂ*h_ encoder(s)0ll = summary 20| UCtL

JFEBICL)
0C31-26) | 83 T
. 5.3 34-.1_
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Aty | é D_ b[?.ﬂ




Problem 1.2

« 2H 1.10|M 7%t block diagramS &3 M O|X /== O
HHE (5, & &i2to| data S 5) 2| 2 & TH=10 A} BHLL
T+X|H 2 2, 2:4 decoder(s)1} 3:8 decoder(s)= A2} 5:32
decoder?| block diagram= T-ot= =X||O|C}. 5:32 decoder
70| A+ S (4:2 encoder®| summary 2F H|==$t 7 EO|
= 0{7h 2:4 decoder EE£& 3:8 decoder?| Verilog module=
7|=dll 2ot} (57 decoder®d SHLITH 7| &8IH E)

— SIE) 0| E 8l 2A 1.10| A A2t encoder(s)E
decoder(s)Z HiH= 1°H 0| HRSICF Eok
encoder(s)| Al AHE %t summary & & 2 decoder(s)0f| M &
OE JHE22 HHH Ol 28 = EH0| 22X
10 3I5| OF kLt



ox
L

module DecZ 4 (a,b,en);
input [1:0] a:
input emn;
output [3:0] k:
wire [3:0] c:

assign c = 1 << a;
assign b = c & {4{en}}:
endmodule

(c) 2005-2012, W. J. Dally




Problem 1.3

2H 1.201A 3t 2:4 decoder(s) 3:8 decoder(s)E -2l A
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Problem Set 5 Answers — Comparator



Problem 1

CHZ 2-bit comparator comp2 module= 0| &30 4-bit

comparator comp4 module

o=
= - =

31 BHC} CHS HIZHO) 4-

bit comparator comp4 module= structural description(Z,
L2 @ = moduleO|L} gater= instantiation@ 2 HE$)O 2

2SO 2t OfY, & A 7==2| 2-input and moduled} 2-input
or moduleTHS AR 3HOF SHC (wires F7F2 M OIS 4=

ULE)

2-bit comparator

output
f2;

assign 0o

assign f1

assign f2
endmodule

module comp2 (a, b, fo, f1, f2);
parameter n = 2;
input [n-1:0]

a, b;
fo, f1,

(a > b);
(a == b);
(a < b);

A —x—

B —x

n-bit
comparator

FO

F2




module comp4 (A, B, FO, F1l, F2);
parameter n = 4;
input [n-1:0] A, B;

output Fo, F1, F2;

wire fo, fi, f2, f3, f4, f5;

comp2 comp2_1 (.a(A[3:2]), .b(B[3:2]), .fe(fe), .fi(f1), .f2(f2));
comp2 comp2_2 (.a(A[1:0]), .b(B[1:0]), .fo(f3), .fi(f4), .f2(f5));

wire x0, x1;

and andl (x@, f1, f3);
and and2 (F1, f1, f4);
and and3 (x1, f1, f5);
or orl (FO, fo, x0);

or or2 (F2, f2, x1);

endmodule




Problem 2

Otz a2t &0| 3-bit unsigned binary a, b, ¢/t @€ =2 =+
OINZS M M et s LM U5 FBME 2 4, E= A
= 2 ZH= &SI 3-bit binary middle circuit
oot 10X otCt, dAe] MO E ?|5H a, b, c& 25 CIE
S =0t AH0| SO{ 2Lt 7HE5HAL O| & =0, a=110,
001, c=010¥ Z% out=0100|C}. O] If Ct=F =501 ESHA|

+ + out
3 3-bit 3
b ﬁf binary
; middle




Problem 2.1

3-bit binary middle circuit2 VerilogE O| 2310 T13ista] &
[0, otefl &l 7= ZH-d5A| 2.

module BinaryMiddle(a, b, c, out);
input [2:0] a, b, c ;
output reg [2:0] out ;
always @(*)
begin
out=(a>b)?(b>c)?b:((@a>c)?c:a):((b>c)?((@a>c)?a:c):b);
end

endmodule




Problem 2.2

Of 2l 2| 3-bit magnitude comparator, 2:1 multiplexerZ+=
0| 85}0{ 3-bit binary middle circuit2| block diagram=
O2[A 2. (3-bit magnitude comparator= & 71 2| 3-bit
unsigned binary a, bE UHOZ HO M a>bhQl AL gt=1,
X U2 AS gt= Oo *E=Io |:|-)
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magnitude
b —7— comparator G —f—1 )k
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Problem Set 6 Answers — Karnaugh map



Problem 3

 Karnaugh map= AFESA Ozl =4] f0f CHSt simplified Sum-
of-products (SOP)S ol £ O}2}

f= Z m(1,3,57,8,9) + D(10,11,12,13,14,15)
dcba

ox
il
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ba 00 01 11 10
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