Chapter 5

Logic Design with MSI Components
and Programmable Logic Devices



The complexity of a chip

Scale of integration:

e SSI 1 - 10 gates

* MSI 10 - 100 gates

e LSI 100 - 1000 gates
« VLSI > 1000 gates
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Specialized MSI components

e adders
* comparators
 encoders/decoders

* multiplexers/demultiplexers

J. C. Huang, 2004 Digital Logic Design



Half Adder

X |y | sum | carry
X— — ~ Sum
0] 0 0 0
0| 1 1 0
y—— —> Carry 110 1 0
1| 1 0 1

sum =X’y + Xy’

carry = xy
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Full Adder

Xi
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Yi ——
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Ci g
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The Karnaugh maps for a full adder

00 01 11 10 00 01 11

10
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SUM and CARRY functions

SUM =x'y'c + x'y¢' + xy'c' + xyc
CARRY =xy + yc +cx
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A realization of the binary full adder

T ) D >
TN
—

Citl
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Parallel (ripple) binary adder

Designed to add two binary numbers bit by bit

xri—l .}?Ji—l l]i-z y ri—l
Binary Binary
full full
adder adder
o S S—1 Cpl Sp-2
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A1 Y] X0 Yo cn=0
R N O
Binary Binary
e o @ full full
adder adder
U I 1
C S| | 50
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Parallel binary subtracter constructed by using a parallel binary adder

V-1 Yn-2 Vi Yo
x.vl—] I;l-z *1[ X0 C'D =1
Binary Binary Binary Binary
full full full full
adder adder adder adder
(i 1 l — . # @ . — l l
n = Sh-1 Chn-1 Sp-2 2 S Cl 50
L ~ P
Difference
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Parallel binary adder/subtracter

Yn-1 Yn-2 Y1 Yo
Irl—l }‘1—2 il "iﬂ l_.
Binary Binary Binary Binary | Ad4d/Sub
full full LI full full (0/1)
adder adder adder adder
C, <— 1 l . .. . 8 8 — l 1
Sh—1 Cn-1 Sn-2 C2 51 C) S0
\ )

Sum or difference
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Carry-look-ahead adder

* Problem: the time required to do addition 1s
proportional to the number of bits involved.

* Solution: compute the carry for each stage
independently by using a carry-look-ahead
network.
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Carry-Look-ahead Adder

Recall that
Cirp = Xi¥i T Xi¢; F ¥i¢ =Xy T (X3 + Yy)¢

Let g =xy; be the carry-generate function, and
p.=Xx tvy; be the carry-propagate function.

Then we can write ¢, =g, + p,c, and
C; = &t PoCo
C, = & T P18 T P1PoCo
C3 = &) T P28 T PaP18o T P2P1PoCo

We see that all carry signal ¢, can be computed by a two level logic
circuit.

J. C. Huang, 2004 Digital Logic Design
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A carry lookahead adder. (a) General organization. (b) Sigma block

Carry lookahead network “ .
' & & ! '
An-1Yn-1 |Cn- A X € Ao Yo p
w L L v r r
e

Pn-1 P Po

En-1 & £0
Fp-1 ¥ 50

(a)
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A 4-bit carry lookahead adder

Carry lookahead network

HIAIRIIR

U | UL

g 8o

!
T
{\

!

83 52 A 5n
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Cascade connection of 4-bit carry lookahead adders

ApApAg Ay By By By By A:' Ag As Ay By Bg Bs By Ay Ay Ay Ay By By B| By,
bbd b BEREERRR bbb b
X3 X3 X X  ¥3 Y2 Y1 Yo X3 X3 X1 X Y3 Ya N Yo XX YsYN N
. -*IC1—2I.'.'4 4-bit carry lookahead adder n:*n.-f—g ¢4 4-bit carry lookahead adder ¢ --ir,;‘ 4-bit carry lookahead adder ¢
93 &3 &) Sg S T §3 53 81 So
BRR ERR T
81151059 53 57 8¢ 55 84 5,8, 8§, 8,

J. C. Huang, 2004 Digital Logic Design 15



G

A 4-bit carry look-ahead generator

E3 P3

J. C. Huang, 2004
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C3 g2 P2 2 21 ™M ] Lo Po
(a)
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“16

A 16-bit high-speed adder

l'.“
] P
4-bit carry lookahead generator Cpy =
AT C3 B2/ 3 BiP L T
[n b4 1Y In
GF  4.bit carry lookahead GF  4.bit carry lookahead GF  4.bit carry lookahead G P 4.bit carry lookahead
generator Cy|=+ generator Cp|= penerator Cp = penerator Cp =4
Bify €3 &2Pz &2 B1P1 ©1 Bof) Bifa €3 822 €2 BiP1 ©1 Bofa 3Py €3 BaP2 & BiPy € BoPo Bafs €3 BaP2 €2 Bify € BoPo
i b l L I T Y b i Iy b l 'Yy | | Iy A 'Y 4 T
ty 1 tt tiy thy \AA AAMERAL A iy [tér |ltir AASELAL thy ([t
Pttt [Ramamatenl] [Rumeabin] [eereoehet] [rommbics] [rersrebeca] [ nnabe] [naabha] [ennbe] [aanabha] [onebhe] [aasbha] [nnaba] [mrebe] [araba] [anahke
L Y L] L} Y Y ' L Y Y ¥ ' L] [ Y
5 £14 #13 ¥z n S0 i g &3 * fig 5y 53 2 3 Sy
]
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Organization of a single-decade decimal adder

Two input decimal digits

A

r'143 A, A A By b, B; By b

Cout l’l’l" l"l’l’ Cin

(Carry to (Carry from
next decade) previous decade)
-..‘

Single decade decimal adder

N

L LH Ly Z
k3 & = Oj
Y

Sum decimal digit
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Organization of a single-decade BCD adder

Ay As Ay As  Bs By By Bp

I A S

X2 *1 Xo Y3 Y2 Y1 Yo C
@ 4-bit binary adder Co Phud |

53 S 81 Sy

4 l P3|P2|Pl P{]

Correction network

BN

Cou Zy 2, Z, %,

J. C. Huang, 2004 Digital Logic Design
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A single-decade BCD adder

X3 X9 X1 Xp ISRV TR [ C.
K Cy 4-bit binary adder co [——
53 52 S1 So
Py | Py | Py | Py
Ct}ut :: ( ( 1
. ]
»
]
Add 6 T
0
I l " l v k| Y
X3 X X X Ve ok Ml
Cy 4-bit binary adder Co|=*=—0

3 8§ 8§ I

J. C. Huang, 2004

|

byl

2y 4, 2y 4
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Organization of a 1-bit comparator

A: Bf
Gr'+| 1 1 G:’
(AjAiy - AAg> BB, - 'BIB{])"'E__ 1-bit T(Ai—l c A Ag> By - ByBy)
(AjAiy - AyAg= BBy - - BBy *'L;—H comparator *L+(A£-] A Ag= B - ByBy)
(AiAi-t "~ AAg< BBy ;" -+ BBg) =" ~—— (A AAg< By B By)
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From the truth table (Table 5.4) on page 247 we obtained
G, =AB'.+AG, +B'G,
E.., = A'B'E; + ABE,

Ly, =A'B;+ BL; + AL

J. C. Huang, 2004 Digital Logic Design
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Comparing two binary numbers 4 and B. (a) 1-bit comparator
network. (b) Cascade connection of 1-bit comparators.

A B;
1}? l?
R
— T >—
1
A
Eea J
L =
{a)
A B A B A, B Ay By
PR l l G, Gruy 1 I G, Gy | l G l 1 Go=0
:;fB}T it |E """ E,l it [TECCCTE] twe [UE | b [E=1
M;Hiz-mmpamtur E ::Emmpamm Z 'Ecumpammrzcompammr :LED

()
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Do—>

Do —m
D3—>
Dg—m
D5—>
D6—>
D7 —

8x3
encoder

(sender)

3x8
decoder

(receiver)

Main function of encoder and decoder

The purpose is to reduce the number of wires required for interconnection.

J. C. Huang, 2004

Digital Logic Design
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A 2"-to-n-line encoder symbol

2"-to-n

__|o ENCODER |  ~

1 1
5 ) —12 2 —

B o ‘
|
|

—12"-1 n—1r— )

J. C. Huang, 2004 Digital Logic Design
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An 8-to-3-line encoder

J. C. Huang, 2004

Digital Logic Design
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Symbol for an n-to-2"-line decoder

e n-to-2" ~
— 0 DEC O0——
2< —2 2 —
= o o
—n-1 2"-1 }——
e _

J. C. Huang, 2004 Digital Logic Design
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A 3-to-8-line decoder
(a) Logic diagram.
(b) Truth table.

(¢) Symbol

J. C. Huang, 2004

I = Xalydg = my

Ead ]

1 = My

&)

I3 = Nalyig = My

I3 = Xatpag = ity

3 _|J

Iy = KaTylig = My

15 = Xalphp = My

i = N2tp = Mg

I = KT NG = My

sjs[s]sluls]s|s

Inputs Cutputs

X3 X X I &) 3 T3 34 Iy I I
000 I 0000000
001 01000000
LU o011 00000
LU coo 10000
100 G000 1000
101 GCoo0Do 100
1o Cooo0o0l10
11 OCo0o00o00 0]

i
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A

X2

(]

Ay —

J-10-8 Ry
pDEC O %= Xaf¥g = mp
| — )= &g =m
o 2 Z3= oy Jg = My
3 I3= Talphp = iy
; 4 —— Zy= Xy =y

5 [ 25 = Wiy = mg
G - £ = Xk ¥ = g

B

I3 = Xy = MMy

icl
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Decoder realization of f,(x,,x,,x,) =
2m(1,2,4,5) and f,(x,.x,,x,) = 2m(1,5,7)

3-t0-8
DEC 0—
1 »
;)i>—ﬁ
2
X0 0
3 —
X1 1
4
X2 2
5

6 —

J. C. Huang, 2004 Digital Logic Design
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Decoder realization of Boolean functions
f, =TMM(2, 7) and £, = [1M(O0, 5, 7)

3-t0-8
DEC 0

l_
e
2

Xog — 2

J. C. Huang, 2004 Digital Logic Design
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A decoder realization of f,(x,,x,x,) = NM(0,1,3,5) and f,(x,,x,,X,) =
[M1M(1,3,6,7) (a) Using output or-gates. (b) Using output nor-gates.

3-to-8
DEC 0
A .
- -
2 —
Xp —— 0 X 0
3 —
X —1 X —1
4 #
) 2 ) b X2 2
5 |
6
7

3-to-8
DEC

(a)

J. C. Huang, 2004 Digital Logic Design

(b)
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J. C. Huang, 2004

A 3-to-8-line decoder using nand-gates

o

So

()

sjs{s{s|s]s]ele

&
1]

ta
|

I
hll
"

L
n

Lo
]

]

I = XaXp M = X 4+ ) + =My

Inputs Outputs 308 0
Xy N | 2n B n % DEC
1
ooo0 o111
ool |lro1 11 xg—ig 2
3
010 11011111 n—1
011 111 a1 111 4
Xy —2
foo | 1111010l 5
[V T T T T I A 6
(O T I T T T T OV B 5
rr1r it 10

O— Zp= Tl g =X + 4 + 5= My
[O— 1) = X2l Xg = X2 + X) + Ty= M)
Cr— 23 = Xa¥ g = Xa + X + 4= M
[D— 232 Xal X = X2 + X) + Ty= My
D 2y = 00 g = Xy + 4 + = M,
[O— Zg=XaljXg = Xa + 4 + Ty = My
O— 23S Xaly¥g = Xy + 1) + = My

D= XNy = Xy o+ X+ = M,

Digital Logic Design

()

Kol Ty = 2 + 1) + =My

= Nl iy = X 4 X) + Gp=M,

Xaly X = X 4 T) & =M,

=Xy = N+ X+ G=M,

X3l = X 4 )+ =My

Xal)ip = Tp + 0y + =My

Xal g = Tp + T) + =M
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Realization of the pair of maxterm canonical expressions
£1Ge0x,,x) = MM(0,3,5) and £5(x,,x,,%,) = MM(2,3,4) with a

3-to-8-line decoder and two and-gates.
B

3-t0-8
DEC 0

I

()?OTOO(’)O

}fz

J. C. Huang, 2004 Digital Logic Design 33




Realization of the Boolean expressions f,(x,,x,,x,) =
[M1M(0,1,3,4,7) with a 3-to-8-line decoder and two nand-gates.

3-t0-8
DEC

Xo— 0
X —1
x2—2

0

f

B
s

OOTW’?I?O

J. C. Huang, 2004
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A decoder realization of f,(x,,x,x,) = 2m(0,2,6,7) and f,(x,,x,X,) =
2m(3,5,6,7) (a) Using output and-gates. (o) Using output nand-gates.

3-to-8
DEC 0 D———

By
20— B

§)
*

Xy — 0 Xp—0
3P

Hn—l X — 1
40 *

X2 2 Y —2
5P
60—

-

7

&

3-to-8
DEC

(JU'U(‘}.(JT?CJ

S

B
Be

h

la)

J. C. Huang, 2004 Digital Logic Design

(b)
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And-gate 2-to-4-line decoder with an enable mput. (a) Logic
diagram. (b) Compressed truth table. (¢) Symbol.

l: ' } 29 = X)Xk
Xp
L
l—l>c e
.".'1 * o
2 = XXk
»—|
Enable 1 D_‘:H = x,%oE
(E)
(@)
Inputs Outputs 2-t0-4
Expxg | 021235 xg— 0 DEC oF—gz
0 X x 0000 Y, 1 1 2
100 1 00 0 )
sl e %9 Enable E 2 ks
1 10 0010 (E) - 3z,
<k il 0 00 1

(D) (c)
J. C. Huang, 2004 Digital Logic Design 36



Nand-gate 2-to-4-line decoder with an enable input

2 = XXk
= X + X + FE

Z) =.E]I{]E
- .Xl + .‘_'“ + E

XO l
L
>c +—
o :
.—
Enable E
(E) °
(@)
_Inputs Outputs 2-to-4
E Xl Xp ip 3 L2 &4 ,ra — DEC
000 )] 0111 N
X
0 01 1 01 1
010 1 1 0 1 Enable
o011 [ 1110 (B)
] x X 11 11
(b) (c)
J. C. Huang, 2004 Digital Logic Design
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A 4-to-16-line
decoder constructed
from 2-to-4-line
decoder

J. C. Huang, 2004

Xy — 1

Logic-1— E

2-10-4
DEC

=
L

A ——

Xy —

N )

Xy —

T —

2-10-4
DEC

f—1 }f}i’..?u
= X3¥aty 5y

— Eylaray

2-to-4
DEC

e E_U. !.i |.?u

X3uatyag
— X3t 0y

—.lfﬂ'}.h.l'n

X307

Xyts
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Xy ——

L B

2-10-4
DEC

p— T_1.f}f|jﬂ

%%

XAy

-—.l'._:fz.'l. |Jﬂ

Xg—

X —

2-104
DEC

-

e

X 1y
—K}T}Tj#’n
— "'.}T.?'.".JIEI:I

]
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Dq—m =D,
D3—> 8x1 1x8 +— D

: 3
D4s—s=| multiplexer ™| demultiplexer D,
Ds— ™ Ds
Dg—a - De
D-—m| (sender) (receiver) —m= D,

So S g S2 S1 59
control signal control signal

Main function of multiplexer and demultiplexer

The purpose is to reduce the number of wires required for interconnection
by making the signals to time-share the link.

J. C. Huang, 2004 Digital Logic Design 39



A multiplexer/demultiplexer arrangement

for information transmission.

4-to-1
MUX

S1 S0

One-bit bus

|

J. C. Huang, 2004

Source
address
lines

1 0

Digital Logic Design

Destination
address
lines

40



Iy

AN

A 4-to-1-line multiplexer

A

(1)

3g

S
— 5 5 —
85
-+ = -
o
= e WLt T =5
wlee a2~ —~2 ~
] X OM X M X M M D =
wl ] X M X K M D e M O
T %o o= = X ox X
e A = .
Flxeoe =—=20o ==
L E-E-R-E - el
[CUR [ — T

()

b

41
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Demultiplexer

2-to-4
DEC ~
Select rxo_ 0 0 % = XiXol
lines < ; | 1 —2zy = X;xoE
] ¢~ Outputs
Data input E 2 % = Xi¥ol
line 3 —Z3 = .)CIXOE B

J. C. Huang, 2004 Digital Logic Design 42



A 2"-to-1-line multiplexer symbol

2"-to-1
—— 1, MUX
I
Data input lines < * | *® f Output line
o b
Enable E
line
Sn—l v Sl SO
e J
Y
Select input
lines

J. C. Huang, 2004 Digital Logic Design

43



MUX implementation of a Boolean function

* Any Boolean function of n variables can be
implemented by a multiplexer with n
control inputs 1n a straightforward manner.

J. C. Huang, 2004 Digital Logic Design 44



Example: f(x,y,z)= 2Zm(2, 5, 6, 7)

| (X, V. 2)
f(0, 0, 0)
(0, 0, 1)
(0, 1, 0)
f(0, 1, 1)
f(1, 0, 0)
f(1,0, 1)
f(1, 1, 0)
f(1,1, 1)

—_— == OO O O
—_—_ 0 O = = O OK
_—O = O = O = O N

—_— = OO = O O]

J. C. Huang, 2004 Digital Logic Design



MUX implementation of a Boolean function

* Even better, any Boolean function of n
variables can be implemented by a
multiplexer with n-1 control inputs as
illustrated 1n the following.

J. C. Huang, 2004 Digital Logic Design
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Implementing a function of 3 variables with a 4x1 MUX: Method 1

— {(X,y, 2)

J. C. Huang, 2004 Digital Logic Design 47



Using a multiplexer to implement a Boolean function: Method 1

Note that the output of a 4x1 multiplexer 1s
F(x,y,2) =Xyl + X'yI; + xy'l, + xyl3

Now, given a Boolean function

f(x,y,z)=1(0, 0, 0)x'y'z' + {(0, 1, 0)x'yz' + {(1, 0, O)xy'z' + (1, 1, O)xyZ'
+(0, 0, Ix'y'z+ £(0, 1, 1)x'yz + (1, 0, 1)xy'z+ (1, 1, 1)xyz

J. C. Huang, 2004 Digital Logic Design 48



The value for input I 1s to be determined as follows.

if £(0, 0, 0) = and (0,0, 1) = then f(0, 0, 0)x'y'z' + | and thus we should
(0, 0, 1)x'y'z= let I =
0 0 0=x'y'0 0
0 1 X'y'z zZ
1 0 X'y'z z'
1 1 x'y'=x"y'l 1

The value for I;, I,, and I; are to be determined in a similar manner.

J. C. Huang, 2004 Digital Logic Design
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Implementing a function of 3 variables with a 4x1 MUX: Method 2

— {(X,y, 2)

J. C. Huang, 2004 Digital Logic Design 50



Using a multiplexer to implement a Boolean function: Method 2

Note that the output of a 4x1 multiplexer is
F(x,y, z)=1yy'z' + I,y'z + LLyz' + Lyz

Now, given a Boolean function

f(x,y,z)=10,0, 0)x'y'z' + {0, 0, )x'y'z+ {(0, 1, 0)x'yz' + {(0, 1, 1)x'yz
+1(1, 0, O)xy'z' + {(1, 0, Dxy'z + (1, 1, O)xyz' + (1, 1, 1)xyz

J. C. Huang, 2004 Digital Logic Design 51



The value for input I is to be determined as follows.

if (0, 0, 0) = and (0, 0, 1) = then (0, 0, 0)x'y'z' + | and thus we should
f(1, 0, 0)xy'z' = let Iy =
0 0 0=0y'z' 0
0 1 Xy'z' X
1 0 X'y'z X'
1 1 y'z'=1y'Z 1

The value for I;, I,, and 15 are to be determined in a similar manner.

J. C. Huang, 2004

Digital Logic Design
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- oy MUX
A multiplexer tree to form a pe
. . I —1 I
16-to-1-line multiplexer h—
oy 5 &
[
5, S
s
Ll
s 5 % —:I |
g e
.y S S
wdi | T
I 5 Sa
[
TR
B P
s —h
lha— 1 f
1—{E .

J. C. Huang, 2004 Digital Logic Design
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Realization of a three-variable function
using a 8-to-1-line multiplexer.

(a) Three-variable truth t~hl=

(b) General realization.

J. C. Huang, 2004

-
&~

0
1
0
1
0
1
0
1

_— = OO = = O O

(a)
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fo
hi
b
3
Ja
fs
fo
f

fo
fi
f>
/3
fa
s
fe
fa

8-to-1
Iy MuUX
I
I
I
I ¥ 7
[5
[('.l
I
E
SQ Sl S[]
X y z
(b)
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Example: realization of f(x,y,z) = 2m(0,2,3,5)

8-to-1
I—1h  Mux
0— 1,
| — 1,
Xy z S : 3
01" fr—f
000 1 i I
00 1 0
010 1 0— /6
01 1 1 0— I
1 00| O
]._
1 0 1 1 s, S S,
1 101 0
1 1 1 0 I
x y z
(a) (b)

J. C. Huang, 2004 Digital Logic Design



Realizing a 3-variable Boolean function with a 4-to-1 multiplexer

4-to-1
fo:Z+f1 z2— A MUX

frrz+f3-z—1
fa-Z2+fs-z— b o —;

fe:2+fz— 13

|— E

J. C. Huang, 2004 Digital Logic Design 56



Realization of f(x,y,z) = 2m(0,2,3,5) using a 4-to-1-line multiplexer

4-to-1
i—11, MUX
1_ [l
Tk fr—f
0— I
|— E
S So
X y

J. C. Huang, 2004 Digital Logic Design 57



Obtaining multiplexer realizations using Karnaugh maps.
(a) Cell groupings corresponding to the data line functions.
(b) Karnaugh maps for the /; subfunctions.

So

S!"—",\'

i
—

-
=
I

Iy map I, map I, map Iy map
(b)

J. C. Huang, 2004 Digital Logic Design 58



Realization of f(x,y,z) = 2m(0,2,3,5).
(a) Karnaugh map.
(b) 1, 1,, I,, and I; submaps.

So

l

Nz

01

o] 9
3

Sl"l—"'.‘:

(I
b 1 9

(a)

R ]

oo

b
I
L]

-

1

o T

4|

-

|

4 |

I, map I, map I, map I3 map

(b)
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Using Karnaugh maps to obtain multiplexer realizations under various
assignments to the select inputs.

(a) Applying input variables y and z to the S, and S, select lines.

(b) Applying input variables x and y to the S, and S, select lines.

A
L

" i
) ——
B

X — I{} f| f_‘; Iq — S[}-q—r-x

(a) (b)

J. C. Huang, 2004 Digital Logic Design 60



Alternative realizations of f(x,y,z) = 2m(0,2,3,5).

i

F—l, MUX

S, S
¥ Z
S,
4-to-1
] ¥ ; 1 MUX
n\ 00 01 i w / jn
- 1%
o N ) o | e LI =
AT X 0—1h5
1 [0 1 ] [ 0 0 ] 11— E
P i % o
4 N
1| Iy ¥ r

(b)

J. C. Huang, 2004 Digital Logic Design 61



A select line assignment and corresponding data line functions
for a multiplexer realization of a four-variable function.

S0
!
o | Iy | Lo
S,S,
II oo (b || [ 5 |
n| ) | Ch )
o T | )

J. C. Huang, 2004 Digital Logic Design



Realizations of f(w,x,y,z) = 2m(0,1,5,6,7,9,12,15).

S0 8-to-1
[ | —11, MUX
yZ 0— 1,
00 0l 1l 10 "
00| [1 ! 0 0 I—h5
z—1 1 I'—f
0'_ .l’s
5,5, 01| [0 \ i . z I
l ] z— L
wx 1] | 0 | 0
o) I
S 85 S
10| [o 1] | [o 0] ‘ ‘
woox Y
(a) (b)
J. C. Huang, 2004 Digital Logic Design
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Using a four-variable Karnaugh map to obtain a Boolean
function realization with a 4-to-1-line multiplexer.
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00 01 11 10
ol | z )
5150
11 01 Iy
w X
| | 2 )
10 [ I ]
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Realizations of the Boolean function
fwxy,z)=2m(0,1,5,6,7,9,13,14).
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General structure of Programmable Logic

Devices (PLDs)

n p
buffer/ product-term
inverters lines
n L ] »
. And Or
input . .
. array array
lines . .
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.  output
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Buffer/inverter. (a) Symbol. (o) Logic equivalent

(a) (b)

J. C. Huang, 2004 Digital Logic Design
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Types of PLDs

Device AND-array OR-array
PROM Fixed Programmable
PLA Programmable |Programmable
PAL Programmable |Fixed

J. C. Huang, 2004

Digital Logic Design
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Programming by blowing fuses.
(a) Before programming.
(b) After programming.

a4 ———o N\ _o—— a4 ——o oO——
. ey o e - S——
b j—ahm‘ b

(a) (b)
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PLD notation

J. C. Huang, 2004
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Structure of a PROM
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Fined aml-array (decoder)

A 2"x m PROM. s

(a) Logic diagram. )

(b) Representation in PLD notation. ">
i

.

r"_]

L
= |
A
(™

Programmalie or-anmy

thi

J. C. Huang, 2004 Digital Logic Design



Using a PROM for logic design. (a) Truth table. () PROM realization.
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Iﬂ—
™
Y2 Xy xo | fi o I|—/g i ! 1 T
& L] L] &
0001 10 P — ¢ 4+ o
.1"2—
00 1 11 /o>, { L
01 0] 11
1 00| 01
Lo1 |10 % % D—ﬁ
1 10| o1
11 1] 10 | D—fz

(a) (h

J. C. Huang, 2004 Digital Logic Design 73



n input lines

Programmable and-array

v

P
product-term——> i O
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Programmable or-array
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Example of combinational logic design using a PLA. (a) Maps showing the
multiple-output prime implicants. (b) Partial covering of the f; and f, maps. (¢)
Maps for the multiple-output minimal sum. (d) Realization usinga 3 x4 x 2
PLA.

f fid ¥
N Il 1 I \\\ A} ol il 10 0 ] 11} 111
' T
n(| |[L u o || 1 | of o ] o
—
o o ¥ 0 | | 0 o
] I Ll l I .‘_I_/. [ ‘
Prime J.| nts |I cats; Prime implicnsis:
Ko xd
f s v
o ol 1l [ 0 (] il Io
3 : { m—y
1 i i ] [ [T i | I I
i ‘ I ] ‘ | | | (1] [ 1]
|
I fi
i)
1 f =
1] 0l (1] L] L Ll il 10
-
i [L |L| 1]l o al o I 1 | i
|
1 || | 0 i il |—| | |_|_ 0 0
| I m i) RECHE
It fom iy 24 AT
o | |
o = -
& '
|

'
L |
&
'_Il___._

J. C. Huang, 2004 Digital Logic Design 75



Example of combinational logic design using a PLA. (a) Maps
showing the multiple-output prime implicants. (b) A multiple-
output minimal sum covering. (¢) Alternative multiple-output

minimal sum covering. (d) Realization using a 3 x4 x 2 PLA.
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Exclusive-or-gate with a programmable fuse.
(a) Circuit diagram. (b) Symbolic representation.

From gate From gate
in or-array k in or-array 3
(f) Output (f) )) Output

7

Y Programmable /)j

fuse =

(b)

L

(a)
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General structure of a PLA having true
and complemented output capability
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Karnaugh maps for the functions f,(x,y,z) = 2m(1,2,3,7)
and f,(x,y,z) = 2m(0,1,2,6)

fi

fi

00 01 11 10
o ([ [[M)] 1
o | o || o
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Yz
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0l 1 1 1
0) 0]1 (0
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Two realizations of f,(x,y,z) = 2m(1,2,3,7) and f,(x,y,z) = 2m(0,1,2,6).
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A simple four-input, three-output PAL device.
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An example of using a PAL device to realize two Boolean
functions. (a) Karnaugh maps. (b) Realization.
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A PLD programming unit

J. C. Huang, 2004

Digital Logic Design
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A PLCC package with socket
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[L.imitations of PLLAs and PALs

These chips are limited to fairly modest
size, typically supporting a combined

number of inputs plus outputs of not more
than 32.

J. C. Huang, 2004 Digitaljihogis Pesign
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Complex Programmable Logic Devices
(CPLDs)

A CPLD comprises multiple PAL-like
blocks on a single chip with internal wiring
resources to connect the circuit blocks.

It 1s made to implement complex circuits
that cannot be done on a PAL or PLA.
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A section of a CPLD

J. C. Huang, 2004
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CPLD packaging and programming

J. C. Huang, 2004

(a) CPLD in a Quad Flat Pack (QFP) package

To computer

12y,

Printed
circuit board

(b) JTAG programming
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A Measure of Circuit Size

A commonly used measure 1s the total
number of two-input NAND gates that
would be needed to build the circuit.

It 1s called the number of equivalent gates.
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Field-Programmable Gate Arrays (FPGAs)

An FPGA 1s a PLD that supports
implementation of large logic circuits.

It 1s different from others 1n that i1t does not
contain AND or OR planes. Instead, it

contains logic blocks as depicted 1n the next
shde.
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Structure of an FPGA

J. C. Huang, 2004

Logic block

Interconnection switches

I/0 block

I/0 block

I/0 block
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Typical FPGAs

FPGAs can be used to implement logic
circuits of more than a few hundred
thousand equivalent gates 1n size.

The most commonly used logic block 1s a
lookup table (LUT) as depicted 1n Fig. 3.36.

Slide 3.35.1
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A two-input lookup table

J. C. Huang, 2004
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A three-input LUT

J. C. Huang, 2004
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