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« Combinatoric logical design including LSI implementation (Chapter 4)
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Standard Combinational Circuits in TTL

o All part number prefixed by 74, 74S, 74LS, etc.

"70-"79 Flip-Flops

'81, '84, ‘89 RAM

'86 XOR

‘87 True/complement
'88 ROM

'90-'116 Counters, S/R,
‘160-'179, Latches
190-'199

‘00, '01, '03, 10, 12, '13, '18, NAND

20, '22,°26, 30, '37, '38, '39,

‘40

'02, '23, '24,°25, '27, '28, ‘33 NOR

'04, '05, '06, '14, ‘16 NOT

‘07, ‘17 Buffer

'08, 09, '11, ’15, 21 AND

'32 OR

'41,°42, 43, ‘44 4-line to 10-line decoder
‘45 BCD-to-decimal
'46, '47, 48, ‘49 BCD-to-7-segment
'35, '50, '51, '53, '54, '55, ‘56 AND-OR-Invert
‘52 AND-OR

'60, ‘61 AND expander

‘62 AND-OR expander
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Generalized Combinational Circuits

* In general, F() will represent some high-level function needed for a system

—

n inputs

YV _VVVYVYY

O =(0,,0,,0,,...,0._,) = F(I) = F(iy,iy,i,,...,i
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Generalized Combinational Circuits

* E.g., ASCII to 7-segment decoder needed for a display system

b, I b
> a_y)
P »| @ C
P> ASCI| to >

ASCII ; 7 segment < g

< decoder t
> < d
> g

b, __ o

O =(a,b,c,d,e,f,g) = F(B) = F(b,,b,b,,....b,)
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Analysis vs. Design

» Analysis procedure:
— Given a logic diagram, find F()

)
x—{>-|_ ) F(X,Y,2Z) = Xey + X 'sZ
—L

» Design procedure:

— Given F(), design a logic circuit that implements F( ) with minimum number of
gates

F(X,¥,Z) =Xy +XZ'+ Xy '+w = (W'X'y '+ xyz)'

wxlyz 00 01 11 10

y

00 oi01 1

o1l 1]1(oll :DF_(x,y,z)

11 | X

10]1]1]x]x —_ )'
A
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Analysis

» Consider this logic diagram — what function does it perform?:

a

F(a,b,c,d,e,f)

pelve
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Analysis

» Consider this logic diagram — what function does it perform?:

a _\Tl

F(a,b,c,d,e,f)

22t

D" 1. Label first level gate outputs
e)
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Analysis

» Consider this logic diagram — what function does it perform?:

a —\ T,
b T,
1 F(a,b,c,d,e,f)
¢ DT_?’ T,=e'fa
| G T,=e’fb
d T, Ty=ef'c
T T,=efd
o D" 1. Label first level gate outputs
e’ 2 Determine Boolean functions
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Analysis

» Consider this logic diagram — what function does it perform?:

a —\ T,
b T,
1 F(a,b,c,d,e,f)
¢ DT_?’ T,=e'fa
| G T,=e’fb
d T, Ty=ef'c
T T,=efd
o D" 1. Label first level gate outputs
e’ 2. Determine Boolean functions
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3. lIterate until reaching output
F(a,b,c,def)=T,+T,+T53+T,
F(a,b,c,d,e,f) =e'fa + e'fb + ef'c + efd
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Analysis

» Consider this logic diagram — what function does it perform?:

a —\ T,
b T,
1 F(a,b,c,d,e,f)
¢ DT_?’ T,=e'fa
| G T,=e’fb
d T, Ty=ef'c
T T,=efd
o D" 1. Label first level gate outputs
e’ 2. Determine Boolean functions

f —0—°—D°f— 3. lIterate until reaching output

F(a,b,c,def)=T,+T,+T53+T,

g = 82 F(a,b,c,d,e,f) = efa+ e'fb + ef'c + efd
c —10 F()
d —il F()is a4 input MUX
of — A |
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Design

* Design a 2-line to 4-line decoder with enable 1. Create a high-level function definition
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Design

* Design a 2-line to 4-line decoder with enable 1. Create a high-level function definition,
determine 1/O requirements

A 5
1
BZ
A, — 1
B0
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Design

* Design a 2-line to 4-line decoder with enable 1. Create a high-level function definition,
determine 1/O requirements

— B, 2. Define truth table

A — 5
2

Ay — — B

I— BO

E —

E| A | A | B| B | B,| B,
o| X[ x| o] o] o] o
1{ ol o] 1] 0| o0ofo0
1ol 1] 0| 1| o0o]f o0
1 12 o] o] of 1|0
1{ 12 1] 0] o0of o0of 1
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Design

* Design a 2-line to 4-line decoder with enable 1. Create a high-level function definition,
determine 1/O requirements

— B, 2. Define truth table
A, — 5 3. Derive Boolean functions for each
2 output
—_— — B
Ag 1
— By YA
B, = EA/'A,
E — B, = EA/'A,
B, = EAA,
E A, Ao Bo B, B, B; B3 = EAlAO
0 X X 0 0 0 0
1 0 0 1 0 0 0
1 0 1 0 1 0 0
1 1 0 0 0 1 0
1 1 1 0 0 0 1
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Design

* Design a 2-line to 4-line decoder with enable 1.

I— 53 2
S B2
Ay — — B, 4.
I— BO
E —
E| A | A | By| B,| B,| B
0 X X 0 0 0 0
1 0 0 1 0 0 0 E
1 0 1 0 1 0 0
1] 1 0| O 0 1 0 A,
1 1 1 0 0 0 1
AO
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Create a high-level function definition,

determine 1/O requirements
Define truth table

Derive Boolean functions for each
output

Draw the logic diagram and verify
correctness

B, = EA/A,
B, = EA/A,
B, = EAA,’
B, = EAA,

! ) B

|/ 3

¢ .__\ B

[ C ) 2

D—-
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« 1-bit addition:

Binary Addition Review
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Binary Addition Review

« 1-bit addition:

+ 0 1
0 0 1
O*
*carry

» As two Boolean functions:

+ 0 1

sum
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Binary Addition Review

« 1-bit addition:

+ 0 1
0 0 1
O*
*carry

» As two Boolean functions:

+ 0 1 +

sum carry

sum(a,b)=a'b+ab'=a®b carry(a,b) =ab
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Half Adder

sum(a,b)=a'b+ab'=a®b carry(a,b) =ab

2 >D— sum(a,b)
} carry(a,b)

HA — sum

carry
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Full Adder

FA |— sum,

C ini c_out,
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Full Adder

FA |— sum,

c_in, c_out,
a b Ci Cout sum

0 0 0 0 0

0 0 1 0 1

0 1 0 0 1

0 1 1 1 0

1 0 0 0 1

1 0 1 1 0

1 1 0 1 0

1 1 1 1 1
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FA | sum,

C_out,

O

sum

5
O
o
c
=4

il Bl Bl Bl el Foll ol Noly Jed
Il i el ol Bl I fel Noll Ny
[l =N Bl Nl Bl Nok Bl N
i =N Nkl Bl Neol B Bl N
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Full Adder

ab a
C 00 01 11 10
Ol o0 1|01
cl1/12]0/|1]0
ab a
C 00 01 11 10
O|l o0 ] o0|/1] o0
cl 1o |l1 (Lol 1
|
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Full Adder

a4 ab _a
b FA [ Sum C 00 01 11 10
. —
0 0 1 0 1
sum
c_in, c_out cl 11010
a b Ci Cou sum
t b sum(ab,c)=a®b®c
0 0 0 0 0
0 0 1 0 1
ab a
0 1 0 0 1 _—
0 1 1 1 0 C OO Ol 11 lO
1) 0l 01 O ! olo|olld]o
1] o 1 1 0 - carry
1| 1| o 1 0 cl 1|0 ({1 [lla ! 1
|
1 1 1 1 1
| b ¢ (a,b,c;)=ac, +bc +ab
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Full Adder Implementation

a a
HA S a
b HA S S
C
C
Cout
Cin
_1a
5 FA S|—
Ci Co
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Binary Adder

» Multiple Full Adders can be cascaded to create an arbitrary precision adder

An-l Bn-l A2 BZ Al Bl AO BO
a b a b a b a b
Cn Cn-1 C3 C2 Cl CO
c, FA cj¢—- <«—c, FA c|le—c, FA c/l¢—c, FA cle——0
S S S S
Sn-1 SZ S1 S0
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Binary Adder

» Multiple Full Adders can be cascaded to create an arbitrary precision adder
 But there is an accumulation of delay through the carry stages

AN-l BN-l A2 BZ Al Bl AO BO
a b b a b a b
Cy Cht C, C, C Cq
Co FA Cij&——— <4+—C, Ci[¢&—C, FA Ci 0 ] 0
S S S
l l l 1 AND + 1 OR
2 XOR delays
Sh1 delays S, Sy So
(1 AND + 1 OR
Delays) x (N-1) stages
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Binary Adder Carry Propagation Delay

A/B;, Calculation, )( Calculation,,
Sum Calculation, )( Calculation,,;

Carry, X

Carry;,, Calculation; X Calculation,,;
Carry;,, Calculation, X Calculation,,;
Carry;,s Calculation; X Calculation,,,
* 1 XOR delay ~3 gate delays
* 1 AND delay ~2 gate delays
gvrzlliztiﬁisrfgiisetl)ryand Logical Design Stevens(:ﬁzirtigg(()sz'l'ogfhnology * 1 OR delay ~2 ga‘te delays 1-179
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Carries in Adders

» Consider the 8-bit sum:

01111111
+00000001
10000000

* There is a carry at each stage

* If the necessary carries could be scanned once in advance of the addition,
incremental delays could be avoided
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Carries in Adders

\

/

\

Cy

a — P3

HA Cy
b 63

P

a 2

HA C,
b G, Carry

Look-ahead
Generator

a Py C,

HA _)
b G,
a I:)0

HA
b G

0 Co
C0
o
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Review of Binary Subtraction

Define: x=r—-x
~B2B+1
01001001 01001001 73

-00110101 = 11001010+1=— +11001011 -53
100010100 20

* Is there an easy way to do the 2’'s complement in one step?
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Review of Binary Subtraction

Define: x=r—-x
~B2B+1
01001001 01001001 73

-00110101 = 11001010+1=— +11001011 -53
100010100 20

* Is there an easy way to do the 2’'s complement in one step?

B = 1's complement A

A, — § >
.:) B, B+C, = 2's complement A

M (0-plus/1-minus) Co
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Adder/Subtractor

If V asserted, overflow has occurred

CpE358/CS381
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An-l A2 Al AO
LL 11 1T 1T !
Bll T BI EI
a b a b a b a b
Cha Cs C, C, Co
Co FA ¢ - <+—c, FA Ci |« Co FA ¢ le— Co FA ¢ le——
S S S S
; ; ; ;
Sn-l S2 Sl SO
(sign bit)
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Review of Multiplication

e Decimal

123
X 45

615 <« carries
492
5535
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Review of Multiplication

e Decimal

123
X 45

615 <« carries
492
5535

CpE358/CS381
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* Binary

101101
x 11001

no carries = 101101

(replicate 000000
and 000000

shift) 101101
101101
10001100101
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2-bit By 2-bit Binary Multiplication

Bl BO
X A A,
AOBl AOBO
AlBl AlBO

CpE358/CS381
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Al
a b a b
¢ HA c HA
S S
y vy
C3 CZ C1 CO
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4-Bit By 3-Bit Binary Multiplier

Al
0
B B, By By l Yy VvV VY
G, So
A, A, A A, B,
4-bit adder
Co S3
l l l l l v ¥V
C:6 C5 4 3 2 Cl C:O
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Uses for Decoders

* Memory address expansion

AO'N-l
AO:N+2 *+»| Bank O -
| E
>
Bank 1 -
| E
A %
A 2-bit B,
to >
A O g | Bank 2 =
AN+1 4'I|ne » E
E Bs
% —»| Bank 3
Ay:2 TS
I —| E
E Four 2N location
2-bit Memories
Banks
to > 4.7
4-line
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2-Line to 4-Line Decoder

ol x| x| o]l ol o] o >7 B;
1 0 0 1 0 0 0 [
®
1| 0 1 0 1 0 0 Ay ¢ ‘e ) B,
1 1 0 0 0 1 0 ?
H=O—-=.
11 1 1 0 0 0 1 Ag
=D—-.
C
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* A 2N to 22N Decoder can be created from two N to 2N Decoders

3-Line to 8-Line Decoder

A2 "
! )} = — B B
|/
A]-_ A1 .__\ BZ Bﬁ
a__/
{ \ B B
AO An & 1 5
™\ B, B,
___/
d \ E
E * \ B B
L= S / 3 3
_J
A, — B, B,
a_/
| \ Bl Bl
[ ) By By
|/
CpE358/CS381 Copyright ©2004
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Encoder

* Encoder performs inverse operation of Decoder

1 B, B
*— B B
A, + 2 2 A,

F(Ag.AD) = (ApAq)

JUUU

A 7 Ao
B0 BO
2-Bit to 4-Line to
4-Line 2-Bit
Decoder Decoder
F(Ag.Aq)
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Encoder Truth Table

Inputs Outputs
Do| D;| D,| Dy| D,| Dg| Dg| D,| x y z
1 0 0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0 1
0 0 1 0 0 0 0 0 0 1 0
0 0 0 1 0 0 0 0 0 1 1
0 0 0 0 1 0 0 0 1 0 0
0 0 0 0 0 1 0 0 1 0 1
0 0 0 0 0 0 1 0 1 1 0
0 0 0 0 0 0 0 1 1 1 1

x = D, + Dg + Dg+ D,
y =D, + D3 + Dgt+ Dy
7 =D, + D, + Dg+ D,

* What should output be for input (00000000)?
* What about (00100100)?
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Priority Encoder

Inputs Outputs
Do| D;| D,| Dy| D,| Dg| Dg| D,| x y z \Y
0 0 0 0 0 0 0 0 X X X 0
1 0 0 0 0 0 0 0 0 0 0 1
X 1 0 0 0 0 0 0 0 0 1 1
X X 1 0 0 0 0 0 0 1 0 1
X X X 1 0 0 0 0 0 1 1 1
X X X X 1 0 0 0 1 0 0 1
X X X X X 1 0 0 1 0 1 1
X X X X X X 1 0 1 1 0 1
X X X X X X X 1 1 1 1 1

» Output encodes the largest (highest index) input that is 1.

 V indicates if there are any 1's in the input
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Multiplexer

D~
—E .1
Y
'2 - '
2
[ —
¢ 3
 _
S, [
S, —o—o—Do— B, -
—_ 2-bit
Sl 20 to 21
So =™ 4-line 2
B
1, =00 E__ =
, =01
L, —{10 Y
l, =11
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Uses for MUXes

« Combining multiple information sources onto one channel

l, =00
I, —01
i, —10 Y
I, —{11
S5, J
Time A B x C D x E F
Time A B x C D X E F
Time A B x C D x E F
Time A B ¢ D E =
__IOA‘IlAIIZA‘ I3A} IOBillB | IZB‘ I3B‘|0C‘|1C IIZC‘I3C‘ IO ‘ Il : |2 : |3 IIOE‘IlE }IZE } I3E} IO : IlF
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Function Implementation with MUX

« With static values 1[0:15], this multiplexer implements the truth table shown

w
N
=
o
_<

I

Rrlr|lRr|lRr|Rr|Rr|Rr|r|lo|lo|lo|lo|lo|lo|lo|lolwn

Rrlr|lRr|lr|lolo|lo|lo|r]|r]|r]|Rr|lo|lo]lololwn

Rr|lr|lo|lo|r]|r|lo|lo|lr]|r|lo|lo|r]|r|lo|lo]lwn

Rrlolr|lo|lr|lo|lr|lOo|lr|lo|lr|O|lrRr|o|lr|Oo]l®n
-
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DEMUX

| ®
00—, ¢
01f—Y,
10—,
11}, l
SISO
By
A 0 B
_ _ So =™ 4-line
* DEMUX performs inverse function e B;
of MUX
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Multiplexing and Demultiplexing Data Steams

Multiple l, =400 Single
input :1 ] % communications
sources o —11 Y channel
00— :
SIS —4 | il—v°  Reconstituted
1
10—V, output
Sequenced v signals
select lines
S180
Sequenced
and synchronized
select lines

» Most speech signals in the telephone plant is carried on T1 transmission facility:

— 24 voice channels, each sampled at 8 kHz with 8 bits/channel +
synchronization = 1.544 Mb/s

* Multiple T1's are combined to form a T3 line at ~45 Mb/s
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Summary

« Combinatoric logical design including LSI implementation (Chapter 4)
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Homework 5 — due In Class 7

 As always, show all work
* Problems 4-1, 4-5 (x=4, y=2, z=1), (A=4, B=2, C=1), 4-6, 4-7
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