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Chapter 1: Review of Logic Design Fundamentals
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Sum of Products: Diff = XY 'Bin' + X 'Y 'Bin + XYBin + X 'YBp'
Bout = X 'Bin + XY + YBin

Product of Sums: Diff = (X +Y + Bin))(X + Y "+ B )(X '+ Y + Bin)(X "+ Y ' +Bip)
Bout = (Y + Bin)(X '+ Bin)(X "+ Y)

AB
cb 00 01 11 10

wjio|X]|S|o0

O X | E|E]|X

S=G+H
1M1 0| F |1

0100 |F]|O0

Set all map-entered variables to 0 to get MS=B’D. Set E, F’, and S to 1 one at a time and all 1’s
to X’s to get MS;=C'D(E), MS,=ABC(F'), MS;=BC'D'(G + H')

Z=B'D+C'DE+ABCF'+BC'D'G+BC'D'H'

(@) F=AD'+AC'D+BCD'+AB'C'E+BD'E

(b) Z=A'CD'+C'D+BC'E+B'DE+CD'F+AC'G
(c) H=A'CD +A'B'CE + BCDF'

(d G=C'E'F+DEF+AD'F'
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A static 1-hazard occurs when A =0, D =0, and C changes. When C changes from 1 to 0; A'C also
goes from 1 to 0. The hazard occurs because C ' hasn’t become 1 yet since it has to go through the

inverter; therefore, F goes to 0 momentarily before going to 1. Gate delays are assumed to be 10ns
in the timing diagram below.
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F=bc'+b'd" +a'cd

3 hazards: A=0, C=0, D=0, B changes
A=1, C=0, D=0, B changes
A=0, B=1, D=0, C changes

To eliminate the hazards, add the term ¢'d' (combining the four 1°s in the top row) and replace a'cd’
with a'd" (combining two 1’s from the bottom left with two 1°s from the top left.)
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1.7 (a)

(b)
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F =(@ab) .(a+tc)’+(a’+d)’)’
=ab + ((atc) +(a’+d)’)’
=ab+ (a+c)a +d)
=ab+aa' +ad+a'c+cd;

Circle all these terms on the K-map; arc shows nearby1’s not in the same product term,
indicating a 1 hazard.

1-hazard bcd =110, a changing 1=>0 gates 1,5,3,4,5,
0=>1ogates 3,4,515

F=ab+aa'+ad+a'c+cd
=ab+a@ +d)+c(@ +d
=ab + (a+c) (@' +d)
= (ab +a+c)(ab + a' +d) --see Table 1-1 for Boolean laws
=(a+c)(a+ta +d)@ +b+d) --atab=a; a’+d+ab=(a’+d+a)(a’+d+b)

Circle all these terms of 0°’s in the K-map; arc shows 0’s not in same term.

0-hazard bcd =000, a changing 0 =>1 gates 3,4,5,3,5
1=>0gates 3,4,5,2,5

We will design a 2-level sum of products circuit because a 2-level sum-of-products circuit has

no 0-hazard as long as an input and its complement are not connected to the same AND gate.
Avoid 1-hazard by adding product term bc. Use NAND gates as asked in the question.
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1.8

1.9

(@)

(b)
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Z=AD'+(A+B)B'+C"

=AD'+AB'+ AC'+BB'+BC'
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Static 1 hazard (see the arcs between nearby 1’s not in the same product term.)
ABCD = 0000 to 1000
ABCD = 0010 to 1010

Z=(AD'+A+B)AD' +B'+C"
=(A'"+A+B)(D'+A+B)(A'+B'+C")(D'+B'+C"

Static 0 hazard (see the arcs between nearby 0’s not in the same term)
ABCD = 0111 to 0011

One can design a hazard-free sum of products circuit as in the previous question. Or, one can
design a product of sums (POS) circuit with no hazards. A properly designed 2-level POS
circuit has no 1-hazards. Static 0-hazards can be avoided by including loops for all 0’s that are
adjacent. 4 terms here including the arc:

Z=(A+B+D)A'+B'+C)(D'+B'+C)(C'+D'+A)

=(D'+A+BC)A' +B'+C)(D'+B'+C combining 1%t and 4™ terms
=(D'+A+BC)B'+C'+AD) combining 2" and 3™ terms
T J Qr—
—> FF1
K Qf—
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(b) From the characteristic equation for a J-K flip-flop (Q* = JQ' + K 'Q):

Q —| FF1
K’i 7> Q [
1.10
Latch Latch
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CLK DG G ’7 G
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1.11 (a)
Next State Output

Present State

X=0 1 |X=0 1
Resst S0 | SIS0 | 0 0
0 s1| st s2| o o0
01 2| s3 sa|l o 0
010 3| st ss| o 1
011 sa| ss5 so| 1 0
00lor o5 | g9 g0 | 1 1

0110
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(b) Guidelines:
1. (0,1,3),(0,4,5)
1. (0,1),(1,2),(3,4),(1,5),(0,5)
1. (0,1,2,3),(4,5),(3,5)

For state assignment:
S0 =000 S1=001 S2 =010 S3=011 S4 =100 S5=101

Equations for NAND gate network:

J1 = XQ: Ki=X+Qs
J2 = XQ1'Qs Ka=X+Qs
Ja=X' Ks=XQ2'+ Q1

Z =XQ2Qs+ X 'Q1+ QiQs

For NOR gate network, use product of sums form:
Ks = (X + Q1)(Q2)
Z =(Qu+ QX"+ Qa)(X +Q2)

112 (a)

Present Next State Output
State | X=0 1 X=0 1
SO S1 S3 00 00
S1 S1 S2 00 00
S2 S4 S3 10 00
S3 S4 S3 00 00
S4 S5 S2 01 00
S5 S5 S6 00 00
S6 S7 S6 00 00
S7 S5 S6 01 00

(b) Guidelines:
1. (0,1),(2,3),(4,5,7),(0,2,3),(1,4),(5,6,7)
1. (1,3),(1,2),2x(3,4),(2,5),2x(5,6),(6,7)
1. (0,1,3,5,6),(4,7)

For state assignment:
S0 =000 S1=100 S2 =001 S3=101
S4=111 S5=011 S6 =010 S7=110

Equations for NAND gate network:
Ji=Q+X'Qs Ki=XQs' +Q;
J=X'Qs Kz = XQ1Qs
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Ja=XQ2 +X'QiQ2  Kz=XQ1'Q2
Z:=X'Q:'Q.'Qs
Z,=X'Q1Q:

For NOR gate network , use product of sums form:
J1=(Q2+ Q)X '+ Q7) Ki=(X+Q2)(Q2 + Q3)
Je= (X+ Q)X "+ Q2)(X + Q)

113 (a)

0/00,1/10

0/00,1/10

0/10,1/01
Present Next State Output
State | X=0 1 X=0 1
SO S1 S1 00 10
S1 S2 S4 10 00
S2 S3 S3 00 10
S3 SO SO 00 10
sS4 S3 S5 10 00
S5 SO SO 10 01

(b) Guidelines:
I. (2,4),2x(3,5)
1. (2,4),(3,5)
I11. (0,2,3),(1,4,5)

For state assignment:
S0=000 S1=010 S2=001 S3=101 S4=011 S5=111

Equations for NAND gate network:
D:1=Q:1'Qs

D2=Q2'Qs' + XQ1'Q:

D3 =Q1'Qs + Q2Q3' or Q1'Qs + Q1'Q2
S = XQZI + X IQz

V= XQ1Q2

For NOR gate network , use product of sums form:
S=(X+Q)(X '+ Q)

D,=0Q:'(Q2+ Q3 )(X + Q2)

D3 =Q1'(Q2 + Q)
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114 (a)

0/11,1/00

0/00,1/10

0/00,1/10

0/00,1/10
Present Next State Output

State | X=0 1 X=0 1

SO S1 Sl 00 10

S1 S2 S3 10 00

S2 S4 S5 10 00

S3 S5 S5 00 10

S4 SO SO 11 00

S5 SO SO 00 10

(b) Guidelines:

. (4,5),(2,3)
1. (2,3),(4,5)

1. (0,3,5),(1,2,4)

For state assignment:
S0=000 S1=100 S2=101 S3=001 S4=111 S5=011

Equations for NAND gate network:

Ji=Qs Ki=X+Q
Jo= Q3 Ko=1
J3=Q1 K:=Q2

D =X 'Qu + X01'Qs

B =X 'Qle

For NOR gate network, use product of sums form:

D =(X"+Qu)(X+Qu)(Q1+ Q)

1.15
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Present Next State Output
State X=0 1
SO SO S1 0
S1 SO S2 0
S2 SO S3 0
S3 S4 S3 1
S4 S5 S3 1
S5 SO S3 1
1.16
Present Next
State State
(Q2Q1Q0) | (Q2"Q1*Qo")
000 001
001 010
010 011
011 100
100 101
101 000
J2 = Q1Qo Kz2= Qo
J1=Q2'Qo Ki1=Qo
Jo=1 Ko=1
1.17
Present Next
State State
(Q2Q1Q0) | (Q2"Q1"Qo")
001 010
010 011
011 100
100 101
101 110
110 001

D2 = Q1Qo + Q2Q1'
D1 =Q2'Qo' + Q1'Qo
Do = Qo'
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1.18

B
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B=F
D=E
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present next state OUtpUt
state X=0 X=1 X=0 X=1
A B G 0 1
B A D 1 1
e 2 & 9 1
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Z should be read just before the rising edge of the clock.

(b) Worst case twor + tp + tsu < toik

20ns + 10ns + 5ns < tek
teak >35ns
Clock Rate = 28.6 MHz

However, the input X changes at the same time as the falling edge of the clock. Data is clocked
into D flip-flop at the rising edge of the clock. Therefore, the time t between the falling edge and
the rising edge of the clock should satisfy the gate delay of XOR and also the setup time

tak > 20ns + 5ns
tak = 50ns
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Clock Rate = 20 MHz

For proper synchronous operation, both condition 1 and condition 2 should be satisfied.
tax > 50ns is the limiting factor
Therefore, Clock Rate = 20 MHz
(c) Q1 should remain unchanged for 2ns (t,) after D2 is clocked

Q1 will be constant for at least 5ns (tpmin) after the rising clock edge
teonsnat = th + delay = 2ns + delay
tconstnat = tomin = 5NS
delay = tymin —th =3 ns

120 (a)
CLK1 |
‘delay R
CLK2 -
I
Q1 =D2 Rl o
“_tp_ﬂ

delay < tpmin —th = 10-2 =8 ns

(b) tek> tomin + tsw = 15+4 = 19 ns. (worst case occurs when delay = 0)
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(b) By definition of set up and hold time, D should be constant 10 ns (ts) before, and 5 ns (t,) after
the clock edge.

(c) External inputs should not change 18 ns before, and 1 ns after clock edge.
ty = temax + tsu = (4+4) +10=18
tx=th—temin=5-(2+2) =1
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1.22 (@)
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(b) Setup time =20 ns -10 ns = 10 ns (due to change in X)
Hold time = tymin + tpa = 5 ns+ 5 ns= 10 ns (due to change in Q)

1.23

CLK

| \
I \
I \ |
D I \

[

1.24 (a) tok>tsu + tomax + temax
tek>5+12+4=21ns
teikmin = 21 NS

(b) tx=tn—temin =3 —1=2ns. X can change as early as 2 ns after the clock edge.

1.25 (a) 16 ns+ 24 ns + 8 ns = 48 ns. (to satisfy setup time) (hold time is not a problem because it takes
at least 12 + 2 = 14 ns from rising clock edge until D changes)

(b) earliest time: to satisfy hold time, th - temin=4Nns—2ns=2ns
latest time: to satisfy setup time, 8 ns + 16 ns = 24 ns before rising clock edge. 48 ns clock — 24
ns = 24 ns after rising clock edge

1.26 (a) The maximum delay path of this circuit starts at flip-flop 2 and ends at flip-flop 1:

Fonax = 1/ (tpmae + temax+ tey) = 1/(24ns+ 16ns+ Bns) & 20.83 MHz

(b) [z = 1/ (bamar + temar — baiew + tey) = 1/(24ns+ 16ns — Sne+Bns) & 2326 MH:z
(© fmax=1/(tpmax + tomaxt takew + te) = 1/(24ns +16ns + 5ns +8ns) & 18.87 MHz
12
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(d)

Q)

®

127 (a)

(b)

(©)

(d)

()

by & b — Lppmin = 415 — 205 = 2ns

by = bppmar T by = 16N+ 8 ns =24 ns
X can change 2 ns after and 24 ns before the rising clock edge.

From part (d), X can change 2 ns after and 24 ns before the rising clock edge of flip-flop
1. However, because the rising clock edge of flip-flop 2 is delayed 5 ns from the rising
edge of flip-flop 1, then X can change -3 ns after and 29 ns before the rising clock edge
of flip-flop 2. In other words, X cannot change between 29 and 3 ns before the rising
clock edge of flip-flop 2.

From part (d), X can change 2 ns after and 24 ns before the rising clock edge of flip-flop

1. However, because the rising clock edge of flip-flop 2 is advanced 5 ns from the rising

edge of flip-flop 1, then X can change 7 ns after and 19 ns before the rising clock edge of
flip-flop 2.

Consider following delays:

input to first FF: tey = 20ns
left FE to middle FF: fomax ™ trimaoe + tokowt T o = 10ns+ ns+0ns+ 20ns = 37ns

middle FF to right FF: Epmax+ tromar = Cskewz + fey = 1005+ 11ns— Ons + 20ns = 41ns
right FF to output:  fpmax = 10ns

The maximum of these is 41 ns. Therefore, the minimum clock period should be 41 ns.

Lok E ri‘Jﬂ:E‘.‘k’ + Leymay + tou

dlnsz10ns+ 4 ns+ 20= 34 ns

There is no setup time violation for the middle flip-flop. The setup time margin is 41 — 34
=7ns.

ri‘Ji‘*’.[i’! + Loymin E th
ns+1ns = 1lns
There is a hold time violation for the middle flip-flop.

For negative clock skew:
Eepowmin = PR — Pomin — bomin = 1005 —5ns — 1ns = 4ns

To fix the hold time violation for the middle flip-flop, make tskew1min = 4 ns and
keep tskewzmin = 0 NS.

The new worst-case delay of the path from the left flip-flop to the middle flip-flop is:
tpmax+ feimaxr+ fogews +Em = 10ns+ dns + dns + 20ns = 38ns

However, this delay is still less than the 41 ns delay of the path from the middle flip-flop
to the right flip-flop. Therefore, teimin is still 41 ns.
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1.28 (a) Consider following delays:
input to first FF: tey = 10ns
left FF to middle FF: 500+ toymar + topews + ty = 2005+ 7ns +0ns + 10ns = 37ns
middle FF to right FF: t 00+ toomar = togews + toy = 2005+ 11ns— 3ns + 10ns = 38ns
right FF to output; ~ fomax = 2015

The maximum of these is 38 ns. Therefore, the minimum clock period should be 38 ns.
(b) Eein E t,*:li"r.r.':r t foamar T+ Crgut + ey

3Bns = 20n +4ns + Ons + 10ns = 3dns
There is no setup time violation for the middle flip-flop. The setup time margin is 38 — 34

=4ns.
(C) t,‘:li'r.[i'! + Erimin E £y — Eopewt
12ns + 1ns = 2ns — Ons
There is no hold time violation for the middle flip-flop. The hold time margin is 13 -2 =
11 ns.
(d) Because both setup and hold time requirements are met for the middle flip-flop, the clock
skew delays in place are valid.
(e) The worst-delay path is still from the middle flip-flop to the right flip-flop. Therefore,
tclkmin |S Stl“ 38 ns.
1.29
CLK
[ | I
X | | Il
[ | I
[ [ [
PS 1 | 3 | 2 | X1
| [ I
| f |
NS |2 Xs Xz X3 X 1 X3
T T I T
T
Z 1 1 0
A
1.30 (a) No
(b)
CLK I [ I I [ I [ I
EN [ | [
D I [
Qa | |
Qp |
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(©

—D Qa— D D Qp—
CLK —p CLK %3
— 1EN EN — g
131 (a)
Counter [— Q
CLK _ODD—>CK1
En —
(b)
CLK
En § §
Ck1
Counter
State |() X‘| X2

The clock input to the NAND gate in (a) is inverted. After the rising edge of the clock, this input
to the NAND gate is a '0', so CK1 will remain a constant '1', regardless of any changes that may
occur in the EN input of the gate due to transients.

1.32 Eni=0 Ena=0 Enb=0Enc=1 Lda=1 Ldb=1 Ldc=0
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