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Documentation Standards

Block diagrams
— first step in hierarchical design

Schematic diagrams

HDL programs (ABEL, Verilog, VHDL)
Timing diagrams

Circuit descriptions
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DISPLAY
— ———=(BYTEEN
INBUS
ﬂ 32 32 32 32
2 , ,
d direct left right
"\SEL  MULTIPLEXER
410 1
LDA LDB | The
! iU
A REGISTER B REGISTER
32 32

%F

1

CARRY LOOKAHEAD ADDER

Block Diagram

32

1

U

OUTBUS

,‘-E‘E; UNC{ HARICITE Logic System Design I

7-3



Flat schematic structure
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Other Documentation

Timing diagrams

— Qutput from simulator

— Specialized timing-diagram drawing tools
Circuit descriptions

— Text (word processing)

— Can be as big as a book

— Typically incorporate other elements (block diagrams, timing
diagrams, etc.)

i\irf; INC{_ HARICTE Logic System Design I
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Signal names and active levels

Signal names are chosen to be descriptive.
Active levels -- HIGH or LOW

— named condition or action occurs in either the HIGH or the
LOW state, according to the active-level designation in the

name.

Active Low Active High

READY- READY+
ERROR L ERRCOR.H
ADDRAI5(L) ADDR15(H)
RESET" RESET
EMAELE- ENABLE
~G0O GO
/RECEIVE RECEIVE

TRANSMIT_L TRANSMIT

{\irf; 1O HARICATE Logic System Design I 7-7



ExamEIe

HIGH when error occurs

Logic ERROR
leCUlt OK_L

LOW when error occurs

Logic / ERROR L ERROR
Circuit C{> II: /

ERROR1_L

{\irf; 1O HARICATE Logic System Design I 7-8



Microprocessor

A15
A14
A13
A12
A1
A10
A9
A8
A7
A6
A5
A4
A3
A2
A1
A0

ALE

D7
D6
D5
D4
D3
D2
D1
DO
RDY | READY MEMIO
READ

WRITE

ADDR15
ADDR14
ADDR13
ADDR12
ADDR11
ADDR10

ADDR15
ADDR14
ADDR13
ADDR12
ADDR11
ADDR10

LA[15:0]

LA15 ADDR7
LA14 ADDRG6
LA13 ADDR5
LA12 ADDR4
LA11 ADDR3
LA10 ADDR2
LA7 ADDRT1
LA8 ADDRO

ADDRJ[15:0]

ALE

i ALE

DATA[7:0]

MIO

RD_L
WR_L

CONTROL

: DATAO

RD_L
WR_L

Copyright © 2000 by Prentice Hall, Inc.
Digital Design Principles and Practices, 3/e

DB([7:0] 2

2,3
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GO — — READY

ENB — —— DAT

Copyright © 2000 by Prentice Hall, Inc.
Digital Design Principles and Practices, 3/e
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(a)  WRITE_L \ /

|
DATAIN X \ must be stable X

DATAOUT  old \\XXXXXXXX new data
tsetup J | L thold

tOUTmin

- tOUTmax -

Copyright © 2000 by Prentice Hall, Inc.
Digital Design Principles and Practices, 3/e

(b) CLEAR [\
COUNT [\ [\ [\

STEP[7:0] FF X 00 X 01 X 02 X 03
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ExamEIe — Timing Diagram
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Programmable Logic Arrays (PLAS)

Any combinational logic function can be realized as a sum of
products.

ldea: Build a large AND-OR array with lots of inputs and
product terms, and programmable connections.
— ninputs
« AND gates have 2n inputs -- true and complement of each
variable.
— moutputs, driven by large OR gates

« Each AND gate is programmably connected to each output’s
OR gate.

— p AND gates (p<<2")

{\irf; 1O HARICATE Logic System Design I 7-13
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Programmable Array Logic (PALSs)

How beneficial is product sharing?
— Not enough to justify the extra AND array

PALs ==> fixed OR array
— Each AND gate is permanently connected to a certain OR gate.

Example: PAL16L8

o1 29 4b o f BEI01 121351416 16151818 20T S220E 242660 HJHEE E0E]

i
3 (19)
. 3 | > o1

IEELg | .T"I' 5\}7

1‘“"'5 TN::LHm-:IfJTl‘ E Logic System Design I 7-15



. %_ o ). primary inpUtS
s <— 8 outputs, with 7 ANDs per
%}#— < output
i == 1 AND for 3-state enable
. %3 e 6 outputs available as inputs
- — more inputs, at expense of
%— outputs
4?% I — two-pass logic, helper terms
%— Note inversion on outputs
. S — output is complement of sum-of-
%— products
e s — newer PALs have selectable
g}g_ inversion
Be o
|9£E; g,

1‘3"}; UNC{ HARICITE Logic System Design I 7-16



Designing with PALs

Compare number of inputs and outputs of the problem with
available resources in the PAL.

Write equations for each output using HDL.

Compile the HDL program, determine whether minimized
equations fit in the available AND terms.

If no fit, try modifying equations.

{\irf; 1O HARICATE Logic System Design I 7-17



Decoders

General decoder structure

Decoder
input =
code word g %@\ .
. : output
. s Code word
enable : .
inputs o

Typically ninputs, 2" outputs
— 2-to-4, 3-t0-8, 4-to-16, etc.

{\irf; 1O HARICATE Logic System Design I 7-18



Binarx 2-t0-4 decoder

2-10-4 Inputs Outputs
decoder
I vo L EN 1 10 ¥a Y2 Y1 YO
— I Y1 |— 0 X X 0 0 0 (0
Y2 [— J 0 0 0 0 0 J
— EN Y3— [ 0 0 J 0
J J 0 0 J 0 0
J J J J 0 0 0

Note “x” (don’t care) notation.

{\irf; 1O HARICATE Logic System Design I 7-19



2-to-4-decoder Iogic diagram

0 10 1" 1 EN
|

Do

1

EN

VYT

;xil'i-, TNC{ HARICATE
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Y1

Y2

Y3
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ExamEIe: 2-t0-4 decoder

Architecture

architecture VZtoddec_s of VItoddec is

signal NOTIO, NOTI1: STD_LOGIC;

component inv port (I: in STD_LOGIC; 0O: out STD_LOGIC ); end compeonent ;

component and3 pert (IO, I1, I2: in STD_LOGIC; O: out STD_LOGIC ); end component ;
bagin

Ul: inv port map (IO,NOTIO);

U2: inv port map (I1,NOTI1);

U3: and3 port map (NOTIO,NOTI1,EN,YO);

U4: and3 port map { I0,NOTIL1,EN,Y1); |o a Sl
U5: and3 port map (NOTIO, I1,EN,Y2); U1 } YO0
U&S: and3 port map ¢ IO, I1,EN,Y3); U3
end VZtoddec_s; .
* Y1
‘ ‘ NOT i1 ._}
1 U4
if_in [ positional -
built-in library . } Y2
components correspondence T Us
with entity definition
B
EN -
6

U

{'-.ir_f; 1O HARICATE Logic System Design I 7-21



Decoder Sxmbol

1/2 74x139
G L—OQIG Y0 YO_L
Y1 Y1_L
A A Y2 Y2_L
B B Y3 Y3 L

{'-.ir_f; MO HARIOTTE Logic System Design I 7-22



MSI 2-t0-4 decoder

1Y0_L

1G_L 1—:'c;sl> E

1Y1_L

1Y2_ L

1¥3 L

(2)
1A >o * O

\/Y

Input buffering (less load)
NAND gates (faster)

1‘“"'5 TN::LHm-:IfJTl‘ E Logic System Design I 7-23



ComEIete 74x139 Decoder

oL >

-9

L

(]

oL o>

|:'|4:|
2A

(13)
2B

ot o>

|'IE|

|'I'I|

|'ICI|

o>

=]

o>

FYET LYY

;xil'i-, TNC{ HARICATE

Logic System Design I

1¥Y0_L

1¥1_L

1¥2_L

1¥Y3_L

2Y0_L

2Y1_L

2Y2 L

2Y3 L

74x139
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1Y1

2
1A 1Y2
‘g 1va

15
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oY1
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o
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3-t0-8 decoder

YO_L

ot

Y1 L

Ya_L

000
9

L

Y3 L

=
™ o
L
L L —_ L
L] %) o on
o o

—
—k
—k

-
L

Y4 L

Y5 L

[ﬁJ

)

L
(1) : ‘:
A
>O D BE ~ ve L
L —
P (7}
c® >O | OI} I Y7L

&
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74x138 3-to0-8-decoder sxmbol

74x138
YO
— 2l v
—~“olGea vo
o
—0|G2B
Y3
Y4
1 Y5
2k Y6
3¢
Y7
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Dataflow-stxle program for 3-t0-8 decoder

library IEEE;
use IEEE.std_logic_1164.all;

entity Vidxl3d is

port (Gl, G2A_L, G2E_L: in STD_LOGIC; -— enable inputs
A: in STD_LOGIC_VECTOR (2 downto 0); -- select inputs
Y_L: out STD_LOGIC_VECTOR (0 to 7) J); -- decoded outputs

end Vidxl3s,

{\irf; 1O HARICATE Logic System Design I 7-27



Dataflow-stxle program for 3-t0-8 decoder

architectura Vidxl3&_b of Vidxl38 is

signal G2A, G2B: STD_LOGIC; —-- active-high version of inputs
signal Y: STD_LDGIC_VECTOR (O to 7); -- active-high version of outputs
signal Y_s: STD_LOGIC_VECTOR (O to 7); -- internal signal

bagin
GZ2A <= not GZA_L; -- convert inputs
GZE <= not GZE_L; -- convert inputs
T L <= ¥; -- convert outputs

with A select Y_g <=

"10000000" when "00O",
"01000000" when "0QO1",

"00100000" when "OI107,
"00010000" when "O117,

"00001000" when "100",
"0OD00100" when "1017,

"0ODO0010" when "1107,
"00000001" when "1117,

"O0000000" when others;
Y <= not Y_s when (G1 and G2A and G2E)='1' else "OQOOOOD00";
end VVdxl13&_b;

{\irf; 1O HARICATE Logic System Design I 7-28



Decoder cascading

L5V T4%138

Lq/s/\,i i 0 D:—
‘olaea PR
58](:—:25 Y2 0o
Y3jo—
NO A vepP
N1 . °Is P
3 Y6 O—

N2 * C 7
N3 = Y7o

EN L —e U1
74x138

15
Slagr YOPLT
‘olaea TP
‘Iy—EgGEB Y2 0o
Y3 lo——
Ha ™ D%
4-t0-16 decoder 2| q Y5 0 —
‘1c Yo, —
Y7 lo—

U2

...-ﬂk; MO HARIOTTE Logic System Design I

DECO_L
DEC1_L
DEC2_L
DEC3_L
DEC4_L
DEC5_L
DECé_L
DEC7_L

DEC8 L

DEC9 L

DEC10_L
DEC11_L
DEC12_L
DEC13_L
DEC14_L
DEC15_L
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74x138

w

M ' o
ore cascadin G L
4 G2A i 13
40
50 G2B Y2 IO—
Y3 o&
11
NO 1 A Y4 K )—10
N1 2 B Y5 C)—9
N2 3 c Y6 O—
Y7 o?_
U2
74x138
15
6 G1 Yo 14
Y1 0O0—
40 G2A 13
50 G2B Y2 12
Y3 lo—
1 A ‘MC)L
10
1/2 74x139 = B :2 9
1 4  ENOX7_L C 7
EN3_L —1G  1YO Y7 [o—
e 05 ENBX15_L
EN16X23 L
N3 ; 1A 1Y2 06 EN24X31_L ?4x138U3
Na— 218  1v3jpt =
15
YO O——
U1 “ai 14
4 G2A v 13
50 GoB Y2 O—
O va ol
1 A Y4 C)—11
10
EN1 “lg Iz O,
EN2_L *le O
Y7 lo—
U4
74x138
15
6 G1 Yo 14
Y1 0O0—
40 G2A 13
50 G2B Y2 12
Y3 |O—
1 A ‘MC)L
2| g vs o2
= Y6 09_
5-t0-32 decoder V7o’
us
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DECO_L
DEC1_L
DEC2_L
DEC3_L
DEC4_L
DEC5_L
DEC6_L
DEC7_L

DEC8_L

DEC9_L

DEC10_L
DEC11_L
DEC12_L
DEC13_L
DEC14_L
DEC15_L

DEC16_L
DEC17_L
DEC18_L
DEC19_L
DEC20_L
DEC21_L
DEC22_L
DEC23_L

DEC24_L
DEC25_L
DEC26_L
DEC27_L
DEC28 L
DEC29 L
DEC30_L
DEC31_L
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DecoderaEEHcaﬁons

Microprocessor memory systems
— selecting different banks of memory

Microprocessor input/output systems
— selecting different devices

Microprocessor instruction decoding
— enabling different functional units

Memory chips
— enabling different rows of memory depending on address

{\irf; 1O HARICATE Logic System Design I 7-31



ExamEIe — MicroErocessor AEpIication

Microprocessor

ADDR15
ADDR14
ADDR13
ADDR12
ADDR11
ADDR10

A15
Al4
A13
Al12
A1
A10
A9
A8
A7
A6
A5
A4
A3
A2
Al
A0

ALE H

D7
D6
D5
D4
D3
D2
D1
DO

RDY | ReaDYy MEMIO MO
READ jo-P=t
WRITE [o-WR-L

CONTROL

{\irf; 1O HARICATE Logic System Design I 7-32



Encoders vs. Decoders

Decoder

Encoder

ail";; MO HARICATE

Logic System Design I
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Binarx encoders

Binary

encoder
—110 YO
—N Y1
— 12 .

27 inputs £
. Y
N |2n—‘|

» noutputs

0 —

1

p— 1
3
|4

15
[5

|7

;xil'i-, TNC{ HARICATE
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Need Erioritx in most aEEIications

Requests
for service

{\i"}; MO HARICATE

<

/ REQ1 ——

REQ2 ——
REQ3 ——

. REQN —

Request
encoder

) Requestor's
number

Logic System Design I
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8-inEut Erioritx encoder

Priority
encoder
— |7
—116 A2 ——
— 15 Al —
— |4 AD —
— 13
— 12 IDLE b——
— N
— 10
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Prioritx-encoder Iogic eguations

HY = |7

HE = |6 |7

HE = |51 -I7

HO = lo-N"-12°-13" - 14" . 18" . 18" - |7

A2 = H4+H5+HE +H7
Al = H2+H3+ HE +H7

A0 = H1 +H3+ H5 +H7

IDLE = (0+N+12+13+14+15+ 16+ 17)
=10 - .12 .13 4. .15 .16 .17

{\irf; 1O HARICATE Logic System Design I 7-37



74x148 8-inEut Erioritx encoder

Priority
encoder
— 17
—116 A2
—15 Al
—1 14 AQ
— 13
— 112 IDLE
— I
— 10

74148
2 El
"o 17
i
—*oli5 Al lo—
L A0 lo—
s
“ole  aspi-
AP EO jo——
10

— Active-low I/0O

— Enable Input

— “Got Something”
— Enable Output

;xil'i-, TNC{ HARICATE
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74x148 circuit

EO L

o

GS_L

v v
Y

AO_L

vl

4 L —

AL

A2_L

Y

v v [V
ooy HJEW Yoy

VvV YV VYV V V

£l
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&



74x148 Truth Table

Inputs Outputs

ELL lo.L L 2L 12L 4L IsL leL I7_L A2 L A1 L Ao L G5 L EOL

l l l

—

]

P
!
P
=
!
P
!
P

0 X X X X x X X 0 0 0 0 0 ]
0 X X X X X X 0 ] 0 0 I 0 ]
0 X x X X x 0 l ] 0 ] 0 0 ]
0 X X X X 0 ] l ] 0 ] I 0 ]
0 X x X 0 ] ] ] ] ] 0 0 0 ]
0 X X 0 I l ] l ] l 0 I 0 ]
0 X 0 ] I I ] I ] I ] 0 0 ]
0 0 l ] I l ] l ] l ] I 0 ]
0 ] l ] I l ] l ] l ] I I 0
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Cascading Erioritx

encoders

32-input
priority encoder

74x148

74x00
1
us
74x00
¢ 6
5 RA3
us

éjl—agEl
4
—ar
s ES 6 G3A2_L
REG30_L —fI6 A2 for— o
REQ29 L —(I5 M oo T
REQ28_ L —Cf 4 a0 lo -
RGP T
REQ27_L 12 14 G3GS_L
REQ26 L ——0f 12 GS O
REQ25 L —f I EO jo2
REQ24 L — ¢ lo
GSEO_L ut
T4x148
‘el
4
I7
REQ23_L — O3 6 GoAz L
REQ22 L—} 16 A2 o
REQ21 L —0} 15 Al o
REG20_L —f 14 Ao lo -
REQ19 L — ) 13
RE01a_L%o 2 @S 014 =
REQ17 L—f 1 EO lo—
REQ16_L— () 10
G2EO_L vz
T4%148
‘ol El
4
REQI5_L —| I7
- a 6 G1A2_L
REQ14_L—016 A2 o—— T
REQ13_L—0f 5 Al oo
REQ12 L—f 4 A0 bo -
oz
REQ11_L 12 14 G1GS_L
REQ10_L —qf 12 as o2
REQo_L—q I EO
REQ8 L —"¢f 10
GIEO_L us
74x148
ol El
4
7
REQ7 L —O) 6 GoAZL
REQ6_L — (|16 A2 O o
REQS_L —Qf 5 Al O —GoAo L
REQ4_L—f 14 a0 o -
REQ3 L ——¢f 13
- GOGS_L
REQ2 L —of 2 @S :4 =
REQ1_L— {1 EClo——
REQO_L — g 10
U4

;xil'i-, TNC{ HARICATE
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MultiEIexers

1Do

multiplexer 1D1 —\f
: : | el 1Y

enable : EN 1[};” : |
I
select —7—{ SEL i !
I
b 2D0 y |
ﬁb Do EEH —\‘:\' |
. . e 2Y
ndata ¢ ——=1 P! Y ib> data . - i |
sources . . output n | |
‘b | :
—7—4{Dm | |
A HDO : |
bDA :l !
* r W
X ' S bY

SEL EN
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Multiplexer - Gate-Level Modeling - Verilog

2-to-1 Multiplexer

// 2-to-1 Multiplexer module
module mux_2 (out, i0, i1, sel);

input 10, i1, sel;
output ouf;

wire x1, x2, x3;
or (out, x2, x3);
and (x2, i0, x1);
and (x3, i1, sel);
not (x1, sel);
endmodule

// header
// Input & output ports

/I internal nets
// form output
//10 e sel’

/11 e sel

/l invert sel

{\i"}; MO HARICATE

Logic System Design I
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Multiplexer - Dataflow Modeling - Verilog

4-bit Multiplexer

// Four-bit 2-to-1 multiplexer
module mux_4bit (Out, A, B, sel);
input [3:0] A, B;

iInput sel;

output [3:0] Out;

assign Out =sel ? B, A;
endmodule

{\irf; 1O HARICATE Logic System Design I 7-44



Multiplexer - Behavioral Modeling - Verilog

Conditional Statements

module mux4 to 1 (A, B, C, D, OUT, select);
input [7:0] A, B, C, D;
input [1:0] select;
output [7:0] OUT;
reg [7:0] OUT;
always @ (A or B or C or D or select)
case (select)
2'd0: OUT = A;
2’d1: OUT = B;
2'd2: OUT = C;
2’d3: OUT = D;
endcase
end

{\irf; 1O HARICATE Logic System Design I 7-45



—N L oD 74X1 51

&

||
" A AB BC C 8 t
DO 4) -Inpu
— - I
B multiplexer
D1 —
-—
2)
D2
-—
(1)
D3
-—
(15)
D4
~—]
D5 (14)
T4x151
-— -
(13) —‘J EMN
DB oY 11 A
10
—] — B
(12) 4 © 5
D7 DO Y
- *I b1 Yol
f D2
(11) D3
A _
>O—<>—% 15 D4
14 D5
B (10) - De
“lp7
(9)
C— (a) (b)
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74x151 truth table

Inputs Quiputs
EM L ©C E A hi W L

I X X X () ]
() () () () Do Do’
0 o o 1 D1 D1’
() () I () D2 Dz’
0 0 ] | D3 D3’
() I () () D4 O
() I () I D5 D5’
() I I () D& D’
() I I I D7 D7’
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CMOS transmission gates

normally ’/ i
complementary \‘ﬂ‘\ «— B

Vee

5

[FJ

T

Logic System vesign 1
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Other muItiEIexer varieties

Inputs Outputs
2-input, 4-bit-wide G L S 1Y 2Y 3y a4y
— 74x157 T 00 0 0
0 0 1A 2A  3A 4A
01 1B 28 3B 4B

4-input, 2-bit-wide
— 74x153

{\irf; 1O HARICATE Logic System Design I 7-49



Barrel shifter design examEIe

n data inputs, n data outputs

Control inputs specify number of positions to rotate or shift
data inputs

Example:n =16
— DIN[15:0], DOUTI[15:0], S[3:0] (shift amount)
Many possible solutions, all based on multiplexers

{\irf; 1O HARICATE Logic System Design I 7-50



DIN[15:8]

74¥x151 |~
muxes DIN[14:7] — !
74x151 |
DIN[&:0.1
[6:0.1°] 74x151 |C
DIN[13:6] l ;4 151'

) ) _ X [ )
16-t0-1 mux = DIN[5:0,15:14] ~
2 x 74x151 il
8-to-1 mux . ‘

+ NAND gate DIN[1:0,15:10] Zax1s1 |
DIN[9:2]
74x151 [|C
DIN[0,15:9] L I
74¥x151 |~
DIN[s:
[8:1] 7ax151  [O
DIN[15:0]
S3 L
S[3:0] = —

-'-.','.'E-, UNC{ HARICITE Logic System Design I

€

DOUT[15]

DOUT[14]

DOUT[13]

>

>

o

DOUTI[15:0]
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4 16-bit 2-to-1 muxes

DIN[15:12] X[15:12] Y[15:12] Z[15:12]
X[15:12] Y[15:12] Z[15:12] DOUT[15:12]
DIN[14:11] LE gt X[13:10] 74x157 Y[11:8] 74157 Z]7:4] TAX157  |———p
| | | |
DIMN[11:8] X[11:8] Y¥[11:8] Z[11:8]
X[11:8] Y[11:8] Z[11:8] DOUT[11:8]
DIN[10:7] 743157 X[9:6] T4x157 Y[7:4] 74x157 Z[3:0] TAX157 |—
| | | |
DIM[7:4] : : ;

DOUT[7:4]

DIN[6:3] 74x157 74x157 T4x157 T4X157  (—————
| | | |
DIN[3:0]
: DOUT[2:0]
DIN[2:0,15]| 74x157 X[1:0,15:14] | 74x157 74x157 TAX157  ——
DIN[15:0] S0 81 sz‘ saL_ LDDUT[15 0]
S[3:0]

16-bit 2-t0-1 mux = 4 x 74x157 4-bit 2-to-1 mux
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ProEerties of different aEEroaches

Multiplexer Data Data Control Total

Component Leoading Delay Loading ICs
Tdx15] 16 2 32 a6
T4x25] 16 | 32 32
Tdx153 4 2 B 16
Tdx157 2 4 4 16
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2-inEut XOR gates

Like an OR gate, but excludes the case where both inputs

are 1. XeY (Xev

X Y (XOR) (XNOR)
0 0 0 1
0 | | 0
1 0 1 0
1 1 0 1

XNOR: complement of XOR
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XOR and XNOR sxmbols

4L Ll
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Gate-level XOR circuits

No direct realization with just a few transistors.

L
[

Da
BDa

BDa

B
D,

;xil'i-, TNC{ HARICATE

Logic System Design I
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Egualitx ComEarators

1-bit comparator

4-bit comparator

AO
BO

AOD
BO

Ad
B1

A2
B2

A3
B3

;xil'i-, TNC{ HARICATE

1/4 74x86

74%86

12

13

Logic System Design I

U1

a3 DIFFO

U1
6 DIFF1

U1
g DIFF2

LA
11 DIFF3

Ui

DIFF
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Q
=]

el
[=]

=

]

2
3

)
nN
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el
[~]

o
4

el
&

)

&

Q
=3

el
=]

9]
<

o
~

;

- |

&

&

&

o 8-bit Magnitude
N >—— Comparator
N o—
p— S 74682
ﬂD U9 peaa L 2 Pﬂ
—I “1ao
‘ % ™ il P1
- : o
P2
o . 1% peaalp
N P3
—':)0 5]
> — Q3
“Hpo— 11
N — P4
o : ) 12| 1
@ ™ para L
DO J lj Ps PGTQIIO—
(1) ° (:15
{? =D “!pe
:'“;E | ©lae
17
E s 18 i
“h _Blay
-’WSJD D
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Other
conditions

74x682

PEQQ

PGTQ

U1

74%04
1 2
[
Uz
74%04
3 4
U2
74x00
1
2 E
19 . UB
1
K——= 74x08

:

U4

{\iﬁ; NC( HARICITE
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PNEQ

PEQQ

PGTQ

PGEQ

PLEQ

PLTQ
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Adders
Basic building block is “full adder”

— 1-bit-wide adder, produces sum and carry outputs

Truth table:
X Y Cin S Cout
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1
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Full-adder circuit

X » )
D D>
CIN . 7
—
L
ﬁ
} cCouT
full adder % %
X Y
1y B -— COUT  CIN fm—
— CIN COUT |— S

'
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-

-1 COUT CIN

S

'

Sq

Faster adders eliminate or limit carry chain

RiEEIe adder

Xg

'

Yo

'

X5 ¥o X1 ¥4
vy R
X Y X Y
COUT CINp=——3COUT CIN
S S
' '
S5 S

— 2-level AND-OR logic ==> 2" product terms

— 3 or 4 levels of logic, carry lookahead

;xil'i-, TNC{ HARICATE

Logic System Design I

X

COoUT CIN

S

Y

— Cy

'

Sp
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74x283
4-bit adder

Uses carry sl
lookahead
internally

(6] .
B0 ‘7J 9y

®
A0

e &’
co Dc

{'-.ir_f; MO HARIOTTE Logic System Design I 7-63




- A

(15) 5
B2 %
2
. [

hs,
(13)

“generate”

g\

0

N
\

| hs,
h (1)
“half sum”
hs,,
© ]
/

RL(D

carry-in from

“propagate”

previous stage

Logic System Design I

52

51

S0
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X[15:0]
Y[15:0]

Co

Ripple
carry
between
groups

{EE%'UﬁIjiUHEﬂTE

74x283 74x283
“1co "1co
X0 5 e 50 14 So X8 5 e E S8
Yo 6 B0 Jys s B0
X1 3] A 51 I S1 Xa 2 Af g1 | So
Y1 ary Yo 2]g,
X2 14|, go |12 S2 X10 14|, go |13 810
Y2 15| g, B RACERES P
X3 12| aq gz l10  S2 LSAIRE] VS g3 |10 ST
Y3 11 Y11 11
SO & S
U1 (K]
C4 ci2
74%283 74%283
"1co "1co
X$ 5| ag NE S4 X125, g0 |4 812
Y4 6lpg S RAETNC] P
Xs 3|, g1 I S5 X138 af,. g1 | 818
Y5 2|g; S RACEE] Y
X6 14|, go |12 S6 X14 14|, go |13 814
Y6 15|p, S RAEIRES P
:Ii 12 A3 g3 10 S§7 X15 12 A3 g3 10 315
v 1] ga B M yis 11 B3 .
C4 C4 C16
| = | |
S[15:0]
Logic System Design I 7-65



74x182

13 co
Lookahead y bet i
ooKanead carr etween D e
ol a1
2 P1 Co 11 C8
groups D .
— P c3 910
2
—olaa Glo GALL_L
—°olPs P oL PALL L
Us
co
s[2:0]
A[15:0]
nr15:0]
?’ 4x331 - ] T4x381 . i 74381
Sﬂ 5 }31 5] 2? }51 G :?
Go_L G2_L
SD = 12 S2 ¢ 13 PO_L = 12 s2 G 1? P2_L
51 6 N CIN Plo—— | N CIN ] =
51 T BO 1 a0 Fole Fo T BS *lpo Fol® Fg
s2 7 13 GO_L ° 1 “eo ° 1 “leo
52 G ‘% ': ! Al F1 9 F1 % ';g ! Al = 9 Fo
15 14 PO_L R L D
CIN P Hefe L = Heefe o e
AD 3 B2 B2
AD a Fo l A3 Ll PN Fa 2 F3 1 Al 71 A3 312 F11
Bﬂ 4 B FD B3 16 B2 B11 16 B3
] Ut Us
ALUO ALU2
A 1
B o Al F1 8 F1 74%381 74x381
S0 5
A2 19 o1 2? G1_L = - :? Ga_L
A2 11 Fo {52 cloZ o= 52 "I's2 GloZ =
B2 18 F2 CN  Plot—= R Plon Pl
BE A0 Fol® Fa 12 1 Ao Fol® F12
A3 17 Bo Bo
A3 12 F3 Al 9 Fs Al 9 F12
B3 16 F3 o B
BE A2 1 F6 A2 1 F14
F2 F2
U1 B2 B2
ALUG :2 Fa 12 F7 gz Fa 12 F15
Uz U4
ALU1 ALU3

F[15:0]

“
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Subtraction

Subtraction is the same as addition of the two’s complement.
The two’'s complement is the bit-by-bit complement plus 1.
Therefore, X—=Y=X+Y +1.

— Complement Y inputs to adder, set G, to 1.
— For a borrow, set G;, to 0.
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Full subtractor = full adder, almost

L bk

X Y
74x999 ) 74x999 .
5 3 5
—«—| COUT CIN [=— ~— BOUT  BIN [O—
S D
2 r’
) S Y1 Xpo Yno Xo Yo
1 3 13
74%04 74%04 74%04
2 4 12
p 1 2 p 1 2 g 2
X Y X Y X Y
- . T4x999 4 b—Ln—1 . 74x999 4 b—Ln—E b_l_-l . T4x999 a b_LD
tn I BOUT BINfDw—OIBOUT BINfDw—— saaa -+— ) BOUT BIND=— 1
D D D
E 2 B
dn—1 dn—E dﬂl

||
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Multieliers

8x8 multiplier

Yo7 | YoXe | Yots | YoXa | ¥ola | YoXa | Yov | YoXo
Y7 | Yie | Yits | YVitg | Vids | Vido [ Vit | Yito
¥okg | YaXe | Yols | YaXy | ¥oX3 | YaXa | ¥oXy [ YaXp
Yakg | ¥akeg | ¥ats | Yaky | Yakz [ Vaka [ ¥a3¥ [ ¥3¥o
Yak7 | ¥aXg | ¥aXs | Valy | VaXa | VaXo | ¥aX | YaXp
Ysbg | ¥she | ¥ts | ¥sXy | Vet | ¥sXo | Vb | Vsho
Y7 | Yala | Yebs | Yebq | Yeba | Yeta | Yeb1 | Yeto

4+ | VN7 | e | Vots | Yoy | VeXa | Yo | VN | VYo
Pis | Pu | P | Pz PP Po | Ps | P7 | Pa | Ps | Py | P3| P2 | P Po
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Full-adder
array

2\|—l |}‘4JC |\|—l |}‘4xuﬂ
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1”4

4+ f] + j] + ] + ] + ] + ] + fw{ + =0
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Ll .U|¢
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EiEN M
E s
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A | A e K
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ElERE g
(o] | [ +I_|4 +I_|1.
ﬂmv+|_|s +H =
e uENE e
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2\|—l | }‘5x|\|—l | }‘axuﬂ
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+ o 4+ ] + ] + ] + ] + ] + | + |0
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I
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I
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e
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Faster carry |}‘[}x7| |}'[}xﬁ| |}‘[}fﬁ| |}‘[}f4| |}‘t}f?.| |}‘t}x2| |}‘[}x| | |}‘[}xi1|
[ |
chain |}‘|x7| |}‘|\JJI |}'Ix5| |}‘|JC4| |}‘|x.\| |}‘|x2| |}‘|x| | |}‘|xu|

"Jﬂ 0 0% y Oy YOy ¥ 0% 0

Y
| 4
[}

Ly Ly +

oo ]
) el el ) )

!
| Ys¥q | | Ys¥s | | }‘5”5\|—l | }‘ﬁﬂﬂ | Fs¥3 | | }‘ﬁ"zﬂ | }‘i’f|\|—l | Ys¥o |
SRR LN Ly L Ly

'
+ + +

|J‘sx7| |}‘sxﬁ| |}‘sx5| |}‘sx4\|—l |}‘sx_1\|—[ |}‘sx2| |J‘rax|\|—l |}‘sxi:|—l
1 1 1 ¥ ' 1

NN

Lo | [oass] | | Dmss] | | D | | D] | | Lz | oo ] | o]
BRI E IR ELE !
R

rl

3
[pis] [Pu] [Pa] [p2] [po] [eo] [p] [ps] [p] [pe] [ps] [pe] [a] [ 2] [P] [o]
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