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Introduction

» Combinational circuits
» Output depends only on the current inputs
» Combinational circuits provide a higher level of
abstraction
* Helps in reducing design complexity
* Reduces chip count
* Example: 8-input NAND gate
» Requires 1 chip if we use 7430
» Several 7400 chips (How many?)

* We look at some useful combinational circuits
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Multiplexers

« Multiplexer
* 20 data inputs

4-data input MUX

* n selection inputs ‘ |

* a single output I S1 So S1 So| O
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Multiplexers (cont’d)

4-data input MUX implementation
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Multiplexers (cont’d)

MUX implementations
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Multiplexers (cont’d)

Example chip

: 8-to-1 MUX

N
I; 1] 116 Vee ‘ | ‘
I, 2] 115 1, S» Si So
—To
I, 3] 114 15 —1,
I, 4] 113 Ig —
74151 —1 M
o 5] 12 1, 1, VYoo
X ol—
o 6] 111 S, — s
E 70 110 S, 1
GND 8[] 9 s, —|E
(a) Connection diagram (b) Logic symbol
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Multiplexers (cont’d)

Efficient implementation: Majority function

Original truth table New truth table

A B C|F A B | F

0 0 0|0 0 0|0

00 10 A B

01 0|0 0 1| C ‘ ‘

01 1]1 N

1 0 00 1 0| C c—1, M

U o—H

1 0 1|1 c—1, <

1 1 01 1 1|1 1 —1,

1 1 1 1
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Multiplexers (cont’d)

Efficient implementation: Even-parity function

Original truth table New truth table

A B C| F A B | F

0 0 00 0 0|C

00 1|1 A B

01 01 0 1|cC ‘ ‘

01 1]0 c IOSI So

1 0 01 1 0|C c—1, M
1010 c_dy, Y o—PR
1 1 010 1 1]cC c—1,

1 1 11
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Multiplexers (cont’d)

74153 can used to implement two output functions

E, 1 ~ 116 Vee
S, 2] 115 By,
I, 30 114 Sg
I, 4] 113 Iy
74153
I, 5] 112 Iy
I, 6 111 Iy,
0, 7] 110 Igy
GND 8[| 19 Oy

(a) Connection diagram
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(b) Logic symbol
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Demultiplexers

Demultiplexer (DeMUX)
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Demultiplexers (cont’d)

74138 can used as DeMUX and decoder

N
I, 1] 116 Vee
I, 2] 115 0,
I o )
, 30 114 O, — Ez 0,—
Eg 4] 113 0, I R
L
- - 74138 135 — Ep g 95 —
E, 5 12 04 é 04— E,
E, 6] 11 0, 5 % g
_ _ — L E Orr— 3
(6] (0] r 0
7 1 110 O — 1 0,—
— e 0. — Input to final
GND 8[] 19 06 0 0 AND gates
(a) Connection diagram (b) Logic symbol (c) Enable input logic details
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Decoders

* Decoder selects one-out-of-N inputs

I, 1,/0;0,0,0,
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Decoders (cont’

d)

Logic function implementation

A B Cj, [Sum C gy
0 0 0 0 0
0 0 1 1 0
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Decoders (cont’d)

74139: Dual decoder chip

—= N
E —
a 10 116 Vee —1;, Ogl—
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Tg, 2] 115 E, “Toa g0 na[—
S
- 802a7
I, 3] 114 Ty —E, O3 —
0¢, 4] 113 Iy
- 74139 _
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_ _ oo 20—
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GND 8] 19 Oy —Eb Oz
(a) Connection diagram (b) Logic symbol
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Encoders

* Encoders

* Take 25 input lines and generate a B-bit binary number
on B output lines

* Cannot handle more than one input with 1

Enable Input active }
input 13 T2 Iy 19|01 00 : control signal 0o
0 XXXX[00: 0 o= s
1 50000f00: 0 L }01
E 3 I -
1 5000 1{00: 1 2
: : 1
1:001001: 1 ’ ) Input active
101001 0: 1 Enable control signal
: : input
1 :1. 00 0L I: 1
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Encoders (cont’d)

* Priority encoders
* Handles inputs with more than one 1

Enable Input active [ Input act.ive
input : 13 To T1 To|01 00 control signal | control signal
0 X X XX[00: 0 De—H
: : I il
1 :0000(00: 0 0 0o
: : I — |
15000 1/00: 1 !
: : 12 >—[>O
1001 X[01: 1 -
01X X[1o: 1 Is 01
XX X111 Enable
' nput
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Comparator

» Used to implement comparison operators (=, >, <, >, <)

D—
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n ) o— _
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Comparator (cont’d)

4-bit magnitude comparator chip

N
By 1] 116 Vee |
Taep 2] 115 Aj
I 3] 114 B, —
Tasp 4] 113 A,
7485
Opsp 5] 112 A, |
Opp 6] 111 B,
OacB 7] 110 Ay —
GND 8[| 19 B,

(a) Connection diagram

I
Ia-B
IasB
Bj
B,
B,

(b) Logic symbol

2003 © S. Dandamudi Chapter 3: Page 19
To be used with S. Dandamudi, “Fundamentals of Computer Organization and Design,” Springer, 2003.
C d
omparator (cont’d)

Serial construction of an 8-bit comparator
AjAsAgA;ByBsBg By AgA Ay A3 BB ByBs; 0 1 0
EEREEEREEER PrrrEEEESLT

s ©° s © % T

220 2 0L
VoA VoA
w W W W oW W

A>B A=B A<B

~—
Final result
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Adders

» Half-adder
* Adds two bits
» Produces a sum and carry

* Problem: Cannot use it to build larger inputs

e Full-adder

* Adds three 1-bit values
» Like half-adder, produces a sum and carry

* Allows building N-bit adders
» Simple technique
— Connect Cout of one adder to Cin of the next
» These are called ripple-carry adders
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Adders (cont’d)

A B |[Sum C,,
" Sum
o 0| o0 0 A—e 9
o 1|1 0 B
1 01 0
1 1|0 1 L Cou

(a) Half-adder truth table and implementation

5

Sum Cy Cin

A —«»—BD "ﬂDi Sum

B

Cou

- == =0 0 O o>
- -0 O = = O O|W
- 0o =0 =0 = o|A

- = O = O O O

-~ 00~ O ~ ~

(b) Full-adder truth table and implementation
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Adders (cont’d)

A 16-bit ripple-carry adder

Ais Bis N A, B, Ay By
A B A B A B
Cyy C, Co
Cis = Cou Cinf=— ¢ ¢« « — Cou Cin Cout Cin|[=—0
Overflow
signal S S S
Ris o .. R, Ro
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Adders (cont’d)

* Ripple-carry adders can be slow
* Delay proportional to number of bits

» Carry lookahead adders
* Eliminate the delay of ripple-carry adders
* Carry-ins are generated independently

» Co= Ao Bo
» C1=Ao0Bo A1+ Ao BoB1 +A1 B1
» ...

* Requires complex circuits

* Usually, a combination carry lookahead and
ripple-carry techniques are used
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Adders (cont’d)

4-bit carry lookahead adder

N

S, 1 [116 Vee
B, 2[] 115 B, B S, —
3
Ay 3] 114 A, — A, S
) —
So 4] 13 s, — B2
74283 — A s, —
Ay 5[] 112 As —'B, 1
By 6] 111 B, ] Ao s |—
0
Cy 7 110 S3
GND 8] 19 C,4 —1 Co Ca—
(a) Connection diagram (b) Logic symbol
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Programmable Logic Arrays

* PLAs

* Implement sum-of-product expressions
» No need to simplify the logical expressions

* Take N inputs and produce M outputs
» Each input represents a logical variable
» Each output represents a logical function output

* Internally uses
» An AND array
— Each AND gate receives 2N inputs
=N inputs and their complements
» An OR array
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Programmable Logic Arrays (cont’d)

A blank PLA with 2 inputs and 2 outputs

AND array

P P P

Fo
OR array

Fy
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Programmable Logic Arrays (cont’d)

Implementation examples

Fo=AB+AB+AB

F,=AB+AB+AB
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Programmable Logic Arrays (cont’d)

Simplified notation

;—k—

-
o I
JU

Py

P, Py

——F,=AB+AB+AB

) >
< D——FI=AE+XB+AB
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Programmable Array Logic Devices

* Problem with PLAs

* Flexible but expensive
* Example
» 12 X 12 PLA with
— 50-gate AND array
— 12-gate OR array
» Requires 1800 fuses
— 24 X 50 = 1200 fuses for the AND array
— 50 X 12 =600 fuses for the OR array

* PALs reduce this complexity by using fixed OR
connections
* Reduces flexibility compared PLAs
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Programmable Array Logic Devices (cont’d)

° T_|>o Notice the fixed OR
array connections

Jooyg| /S

—— Fy=AB+AB

}— F,=AB+AB
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Programmable Array Logic Devices (cont’d)

* An example PAL (Texas Instruments TIBPAL22V10-10C)

% 22 X 10 PAL (24-pin DIP package)
» 120-gate AND array
» 10-gate OR array
* 44 X 120 = 5280 fuses
» Just for the AND array
— OR array does not use any fuses
* Uses variable number of connections for the OR gates
» Two each of 8-, 10-, 12-, 14-, and 16-input OR gates
* Uses internal feedback through a programmable output
cell

2003 © S. Dandamudi Chapter 3: Page 32

To be used with S. Dandamudi, “Fundamentals of Computer Organization and Design,” Springer, 2003.

16



Programmable Array Logic Devices (cont’d)

* MUX selects the input

Sum-of-product logic

* So and S1 are programmed through fuses Fo and Fi

Programmable output logic cell

Clock
Internal inputs
to product terms o<
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Arithmetic and Logic Unit

Preliminary ALU design

B A Ciu Fi1 Fo
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1
1 | | 0 1| AorB
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1 ' 1 0| A+B
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! LY or——rg
| 2 x :
| 13 H
| H
: s :
' Full H
I adder H
' i o[ '
H
5 :
H
l :
| A s i
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|
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i i o — ]
! 1
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Arithmetic and Logic Unit (cont’d)

Final design

B A Ciu Fi1 Fo
|_ -1 -"-"r-|--"--------=--~=-~=-~=-~=-==-~=-~==-~==-~=-~==-="=-="=-==-=" = - -1 - - - -- -~ 1
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1 1
1 1
1 1
I |
1
i Si1 So '
| o |
| ) I M |
' LYo F
I . 4 2 X ,
1
X L I3 X
1 1
I A S |
! Full X
1 B !
'Fo DD adder !
1 C i Co T
1 X Cout
: 1
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Arithmetic and Logic Unit (cont’d)

16-bit ALU

AisB s .« .. A; B, Ay By F,; Fy
A B Fi1 Fo A B Fi1 Fo A B Fi1 Fo
— Cout Cin L Cout Cin Cout Cin
Carry out
F F F
Ris ... R Ro
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Arithmetic and Logic Unit (cont’d)

2003
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