I ’ o . a V. :'0 4 ,
L'J{. _/-"/ o L’ l
Iran University of Science & Technology

IUST

Digital Logic
Design

Hajar Falahati

Department of Computer Engineering
IRAN University of Science and Technology

hfalahati@iust.ac.ir



mailto:hfalahati@ipm.ir

el
Hazard e
* Static Hazard

> Two-level SOP (AND-OR) circuit 1 1 1
° |t may have static-1 hazards

0 0 0
> Two-level POS (OR'AND) circuit Static-0 Hazard Static-1 Hazard
° |t may have static-0 hazards
* Dynamic Hazard

(a) (b)

* Hazard-free realization
o Use the complete sum or completez product. " A

> Do not cover don’t cares.
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* Hierarchical Design
* Combinational Logic

* Famous Combinational Logic




Implementation

* Digital circuit design:

o Specification
Formulation and truth table
Optimization
Word description of a function
—a set of switching equations
Hardware realization
> Technology Mapping

(¢]

(¢]

(¢]

(¢]

* Gate-level design
> Connect Logic gates



Complex Design

* How about complex design?

Intel Kaby Lake

CORE i7
insde

Y-SERIES U-SERIES H-SERIES S-SERIES
Thin Light
2in1 Notebooks, Ultimate Mobile Desktop
Detachables, Portable AlO, Performance, Performance
Tablets and Minis and Mobile to Value, AIO
Compute Stick Conference Workstations and Minis
Room

* 64- bit processor
* 4 cores, 8 threads
* 1.75B transistor

°*14 nm
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Hierarchical Design
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Logic Components

* Logic component or blocks
o Constructed via logic gates

o A set of m boolean inputs
o A set of n boolean outputs

° n switching functions
> Each mapping the 2" input combinations to an output

o Current output depends only on the current input values

A

* Types
o Combinational
° Does not have memory

o Sequential
° Has memory
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Component-Level Design

* Connect logic components

* Control complexity of function

A [7:9]

B [7:0,]

OL [7:0]
7—
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Hierarchical Design

* Step 1. Decompose the function into smaller pieces, a.k.a., blocks
* Step2: Decompose each block’s function into smaller blocks
* Repeat step2 until all resulted blocks are small enough

* Primitive Block
> A block that can not be decomposed
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Top-Down e

* To gain insights into its compositional sub-systems
> Reverse engineering fashion

* Extensive planning and research phase
o -> Leads to development of a product

* Structural control of a project
- 1
Top Down

|
* More straightforward

I |
Module
3
| | |
Module Module Module
4 5 6

Y
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Buttom-Up B

* Piecing together of systems to give rise to more complex systems

* More optimized

* More realistic

| |
Module
3
Bottom | |
Module Module Module

U P 4 5 6




u'/“wur)ﬁbé‘/b
! L U Iran lolfJST & Te

F [2:0] +A [7:0] B [7:0]




-k

B
Iran & T

ALU...

A [7:9]

B [7:0,]

OL [7:0]
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Combinational
Logics
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Combinational Logics

* Always Current inputs produce the output

* Output is independent of
o Sequence of inputs

o Time of applying inputs

e => Combinational logics are memory less
o Memory-less circuits do not contain any feedback lines

. z
Combinational > 4

X - logic -z




Decoder
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Decoder i

* n inputs and 2" outputs

* Exactly one of the outputs is 1 and all the rest are Os

* Function
> Decoding

o Each valid code word produces a unique output code

—— yo
LSB xo . y
— )
X, ——]
Decoder

MSB X, , —»
—— yzn_]
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Decoder Implementation

* The one output that is logically 1 is the output corresponding to the
input pattern that the logic circuit is expected to detect

* Generate 2" (or fewer) minterms for the n input variables

1ifABis 00 A=1
B=0

1ifABis 01

1ifABis 10

1ifABis11
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Decoder 1-2
*[nput Yo
o 1 bit |0  ——
* Qutput — Vi
o 2 bit
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Decoder 1-2
*[nput Yo
o 1 bit |0 e
* Qutput — Vi
o 2 bit

o vo | i
0O 1 0

1 O 1

l—% "
Y1
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Decoder 2-4 B
*[nput
o 2 bit
* Qutput
o 4-bit

Yo
Decoder | y2

Y3

lo

1
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Decoder 2-4
*[nput o yo
o 2 bit y
- Output I Decoder y2
> 4-bit A

o LYo | Vil valvs
0O 0 1 0 0 0

0O 1 O 1 0 0
1 0 O 0 1 0
1 1 O 0 0 1
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Decoder 2-4
*[nput o yo
o 2 bit y
- Output I Decoder y2
> 4-bit A

o [ Vol vil Vol
0O 0 1 0 0 0

Y

0 1
1 O
1 1

0 1 0 0
0 0 1 0
0 0 0 1
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Decoder with Enable

* Input: n-bit code and 1-bit enable (EN)
* Qutput: m-bit; n<m< 27
* Function

o If EN=0 do nothing

o If EN=1 decoding
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Decoder with Enable: 2-4 &

* Input: n-bit code and 1-bit enable (EN)

* Qutput: m-bit;n<m< 27
* Function A — Do
> If EN=0 do nothing ° —— D,
o |f EN=1 decoding Decoder -
A D
EN — Ds




o
Decoder with Enable: 2-4 ﬂ}

O) S
Iran

(cont’d)
| Do
A
0 Dl
Decoder
_D2
Ay T - D,
EN
EN Al AO D() Dl DZ D3
0 X X O 0 O O
1 0O O 1 0 0 O
1 0 1 O 1 0 O
1 1 O O 0 1 0
1 1 1 O 0 0 1




Decoder with Enable: 2-4

(cont’d)
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Ao

Decoder
Aq
EN

Y Y

—t e = e O
—_ 0 = o X
o O O = O

oS O~ O O

S = O O O
_ o O O O

JU U

Digital Logic Design: Combinational & Decoder
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Decoder 2-4: Active Low
S1 SO

| Do S1 SO|D0 DI D2 D3
o_D1 L. LIL H H H
D2 L H|H L H H
n— D3 H L|H H L H
H H|H H H L



Decoder 2-4: Active Low ﬁi’
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(cont’d)
S1 SO
| | DO
D—
D1 S1 SO
D—
n— D2 o — O
C)_D3
Y DO
6—30'—[)1
S1 S0|D0 DI D2 D3 Py }—DZ
L L|lL H H H ? —1 X» .
L H|H L H H —1 " ot—
H L|H H L H
H H|H H H L

Digital Logic Design: Combinational & Decoder 38



Decoder with enable:2-4:
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Active Low
* Qutput
o Maxterms
D
=t
A
T - :}_Dz E A B Dg Dy D, D;
B ‘ T 1 X X 1 1 1 1
| 0O 0 o o 1 1 1
1 » 0o 0 1 1 0o 1 1
+— 3 0O 1 0 11 0 1
E [>o 0 1 1 1 1 1 0
(a) Logic diagram (b) Truth table
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How About Larger Decoders? "

* 3-8 Decoder

* 4-16 Decoder

* 5-32 Decoder

* 10-1024 Decoder
* 11-2048 Decoder
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Decoder 1-2 and 2-4 i

l—% Yo
Y1

ol vo | v:
0 1 0

1 O 1
| >0

b Yo vilValvs ’
00 1 0 0 O h >0 | -
01 0 1 0 O | o= T
1 0 0 0 1 O t :>_y1=101_1
11 0 0 0 1 B

_D— y2=1o 14
Decoder 2-4 is made up of 2
decoder 1-2 and 4 AND gates va=1Iol;
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Expansion

* Combine two or more small circuits to form a larger one
o Using enable signal

* Decoder expansion
° E.g., construct decoder 3-8 from decoder 2-4
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Decoder 3-8 i

* Design a 3-8 decoder using 2-4 decoder?
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Decoder 3-8: Truth Table

S, 1 Sil So L volyalvalys | va | vs lvelvr
O 1 0 0 O O 0O O

0

5 Sol Vol yal Ve | Vs
O 0 1 0

0 0

O 1 O 1 0 0
1 0 O 0 1 0
1 1 O 0 0 1

R, B, B, B, O O O O
L L O O +» +r»r O
P, O B O +» O ¥
O O O O o o o
o O O O O O Bk
O O O O O » O
O O O O »r O O
O O O B O O O
O O » O O O o
o »r O O O O O
r O O O O O O o
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Expansion: Decoder 3-8

* Decoder 3-8
o Two 2-4 decoder

o MSB is connected to the enable inputs

° if S,=0, upper is enabled
5ot lower is enabled. Emﬂm-

ofo o 1 0 o

olo 1 0o 1 o0 0 0 0 O
Su|So| Yo | Vi | Ve | Vs oltr o o o 1 oJlo o o0 o
00 1 0 0 O 0:110001)0000
01 0 1 0 o0 1o o0)Yo o0 0o of 1 0 0 o)
1 0 0 0 1 0 110 1]l0 o o olo 1 o0 o
11 0 0 o0 1 111 o|lo o o olo o 1 o

1|11 1]l0 o o olo o o 1




R B =, =, O O O O

- = O O = = O O

Expansion: Decoder 3-8

(cont’d)

R O BB O = O = O

O O O O O O O ¥

o O O o o o ~» O

o O O O O » O O

o O o o » O O O

o O O »r O O O O

o O » O O O O O

o r»r O O O O O O

R O O O O O O O

ad

3

0 L,wuﬁ KAy
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3x8 L
Dec O—F,=wX'y
w —|S, 1I——F,=w'x'y
X = S1 .
— S .
y ° 7—F; = wxy
2x4
W— Dec O Fo= w'x'y'
X — S; 1 F,=wX'y
y ® Sy 2 F,=w'xy'
E 3 F;=w'xy
2x4 '
Dec O F,=wx'y
S, 1 Fs= wx'y
Sy 2 Fs = wxy'
E 3 F, = wxy

Digital Logic Design: Combinational & Decoder
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Decoder 3-8: Logic Diagram
* Input: 3-bit code and 1-bit enable (EN) I
* Qutput: 8-bit —
>c /,‘ Dy = AsA A,
Ag N\ _
>c } Dy =AnA4Ag
— )
A, Da = ApAyAq
A2 (A1 (A0 (DO D1 |D2 (D3 |D4 |D5 |D6 |D7 N _/
B AT D e
o [1 o 1 J Ds=AzAqAg
EERE 1 —
1 o o 1 | PR
1 [0 |1 1 \ D, = AyAL A
1 (1 |0 1 —
N EEE 1
Digital Logic Design: Combinational & Decoder 49
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Decoder 4-16 using . 8
Decoder 3-8

* Implement 4-16 decoder
o Using 3-8 decoders

Yourself ©




Decoder 4-16 using
Decoder 3-8 (cont’d)

w—

x—

Z—

—FO

- F,

— Fis

3x8
w Dec (o}——F
X . 4 Sz 1 . F:
y 4 S1 :
Z @ SO 7 —F7
E
N
)
3x8
Dec 0 ——F,
S, 1—F,
S, ]
So 77— F
E 15

Digital Logic Design: Combinational & Decoder 51
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Decoder 4-16 using . 8
Decoder 2-4

* Implement 4-16 decoder
o Using 2-4 decoders

4x16 %4
w —S; Dec 0 Fo Dec OF—
1—>F1 —> 1 1 —
X SZ — So 2 —
y —81 . . E 3_
275 15—F,, T




Expansion: Decoder 4-16:

Sample2 (cont’d)

DO
C — OF——
2tod 1|
d___ | decoder 2|
i I
34, 0o E D3
L8, o) J
L1, n2) D4
13 , nes) c D
- 2to4 1
L 0(4) d decoder 2
= » 0(5) 3
12 44 ba
A T L~ » Q{6 B 0 D7
B —Sa- 4-16 LQ(?) 2tod 1 |
t —3  Decoder i n(s) b—| decoder 2 DB
b —3, 36, o) 3 c o
29 E _Eﬁ 2to4 1L
T pi10) | ] d decoder 2
- 0(11)
25 I—
|50 o 0(12) E D11
24
3—!- A{13) I
Ta- n{14) D12
L » Q{15) c 0
2tod 1 }——
g decoder 2|
I
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Implementation
Using Decoder

Digital Logic Design: Combinational & Decoder
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Decoder as a Logic Block

* Implement function f using decoder
° f(Q,X,P) =3m(0,1,4,6,7)
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Truth Table

* Truth table for f(Q,X,P) = Ym(0,1,4,6,7)
* Consider the truth table of a 3-8 decoder

ﬂﬂﬂ

0 o (L o 0 0 0 1
0010@0000 0 O 0 0 1 1
o 1 0 00 1 0 0 0 0 O 0 1 0 0O
o 1 1 0 0 0 1 0 0 0 O 0 1 1 0
1 0 0 o oo o(Ch o o0 o0 1 0 0 1
1 0 1 00 0O O O 1 0 O 1 0 1 O
1 1.0 0 0 0 0 0 o @ o I T G
1 11 0 000 0 o o 1 1 1 1



Realization
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*f(Q,X,P) = 3m(0,1,4,6,7)

|©|>< o

~N O kA W NN = O

f(Q, X, P)

P

X

B
g C

~N O kA WD = O

@)

O

}X, P)



R

u‘/ui.:y'fﬁ%”/v
ran & Te

Sample 1 T

* Implement function f using decoder
o f(Q,X,P) =] M(2,3,5)
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Samplel: Realization

* Implement function f using decoder
o f(Q,X,P) =11 M(2,3,5)

[© [=[®
[© [ ™

: f(Q, X, P)

TﬁT
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Sample 2

* Implement a full adder using decoder




R

el
Full Adder: Truth Table
X y z C S
0O 0 O 0 O
0O 0 1 0 1
O 1 O 0 1 S(x,y,2) =5Sm(1,2,4,7)
0O 1 1 1 O
-0 0 01 C(x, v, 2) = S m(3,5,6,7)
1 0 1 1 O
1 1 O 1 O
1 1 1 1 1
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Full Adder: Realization
X Yy 1z C S
S(x, ¥, 2) = S m(1,2,4,7) 0 00 0 0
C(x, v, z) =S m(3,5,6,7) 0 0 1 0 1
01 0 0 1
0o 1 1 1 0
R 1 00 0 1
1 01 1 0
Dec 4
2 ) s 1 10 1 0
T s 1 11 1 1
Yy —1 S, 4
z S 2 @_C
7 L 4

Digital Logic Design: Combinational & Decoder 66



Decoder Chip

e 74138
> An standard decoder Dataonpgis
o Active-low outputs Vee YO YL Y2 Y3 v& Y5 Y6
o Three Enable 16 15 14 (3 12 1 10 9
YO Y1 Y2 Y3 Y4 Ys
A Y6 O
B C G2A G2B Gi Y7
i 2 3 4 5 6 7 8
A B C G2A G2B Gl Y7 GND
b v 7S e Output
Select Enable

S
Digital Logic Design: Combinational & Decoder 67
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Outputs

LTIIIXTIIITX
i ol s e aien iits oSS R o e
i s ogihs offis oifhs ol [e ahs afie s o
g e ol s oo o QP o e ot it i
Q

cl

TTIaTIIIITE 5

TIXIIAIXILILIX

Y2 ¥3 ¥4 ¥S5 16 ¥

TAOTTITITTIT _m

Yo Yl

SJEZEZmZIDTXE

Select

Function Table

it :
|
QT AT AT AT X X 1O

A

s ed TX DI X X

L rd d ST T L L X X

Inputs

Enable

74138

o ] ] ) ed W DX

GIG2*| C B

ZTIL LI LI I X X,

68
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/4138 Logic Circult

Gl -—-[>o—1_C
-;':‘ 4
-5

M ' <

(2 —

(1) -

C — .

Digital Logic Design: Combinational & Decoder

(15)

-

(14)

(13)
}

T

n;
49 o

¥

(10)

.

9)

(7)

Yl

Y5

Y6

Y7

Yo

69
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Sample 3 "

* Implement function f using decoder
> f(A,B,C) =]1M(2,3,5)
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Implement t Using 74X138

* Implement function f using decoder
> f(A,B,C) =]1M(2,3,5)

+5V
74x138
YO
Gl
Y1
G2A
Y2 f
G2B
Y3
A A Y4
Y7

Digital Logic Design: Combinational & Decoder 71
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Sample 4

* Implement function f using an active low decoder
° f(A,B,C) =3m(0,1,4,6,7)




Decoder as a logic block: %

Sample 7 (cont’d) T

* Implement function f using an active low decoder
> f(A,B,C) = 3m(0,1,4,6,7)

+5V
74x138
YO
Gl
Y1
G2A
Y2
G2B
Y3
A A Y4
Y7

Digital Logic Design: Combinational & Decoder 73
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/-Segment LED Displays

* Display numbers

7 light emitting diodes (LED
ight emitting diodes (LED) /\< A >/\

* Each LED controlled by an input
° 1 means “on”

> 0 mean “OFF” F B
A6 X

E C

D Y 0»

Digital Logic Design: Combinational & Decoder 75



Digit Display gfedcba abcdefg a b | ¢ d e f | g

0 0 Ox3F Ox7E on on on on on  on off

1 : 0x06 0x30 off | on | on | off | off  off | off

2 2 0x5B 0x6D on |on off |on on | off on /\@/\

3 3 Ox4F 0x79 on on on on  off | off  on E B

4 Y 0x66 0x33 off | on on | off  off | on | on N/ 4

5 g 0x6D 0x5B on off on on  off | on on /E\@/C\

6 - 0x7D Ox5F on off on on on | on on

7 J 0x07 0x70 on on on  off | off | off | off V@V
8 8 Ox7F Ox7F on | on on on on on on

9 9 Ox6F 0x7B on on on on off |on on

A A ox77 ox77 on on on off on|on on

b - 0x7C Ox1F off | off on on on on on

C r 0x39 Ox4E on off f off on on | on off

d d Ox5E 0x3D off lon| on on on off on

E E 0x79 Ox4F on off | off on on on on

- F - 0x71 0x47 on off off off |on|on |on _
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/-Segment : Types B

* Two types
o Common- anode

o Common-cathode
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/-Segment : Common-Anode &

* Anode of all of the LEDs are tied together to power supply
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/-Segment: Common-Cathode™"

e Cathode of all of the LEDs are tied together to ground

wAND

l

=0 .

l VZN 7S Z% t
e

TTTTTTY a b g a
abe de fgdp
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/-Segment Decoder TR

* Input

o 4-bit BCD code
* Output

o 7-bit code

* Function
o Display decimal code

* Example
° |npUt: (OOOO)BCD
° Output: (1111110)segment

Ll

Digit Display gfedcba abcdefg a b ¢ | d | e f g

0] 0 Ox3F Ox7E on on | on on on  on off
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/-Segment Decoder: .
Truth Table o

0 0000 1111110
1 0001 SR 10 1010 XXXXXXX
2 0010 1101101 11 1011 XXXXXXX
3 0011 1111001 12 1100 XXXXXXX
4 0100 0110011 13 1101 XXXXXXX
5 0101 B p— 14 1110 XXXXXXX
6 0110 Fy——— 15 1111 XXXXXXX
7 0111 1110000

8 1000 1111111

9 1001 1110011

e
Digital Logic Design: Combinational & Decoder 81
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/-Segment Decoder: K-Map &

AB | |
CD 00 01 11 10
A
AB
00 1 0 X 1 A | |
AB | I CD 00 01 11 10
] cD 00 01 11 10 00 : : . :
01 0 1 X 1
D 00 1 1 X 1
) 01 1 1 X 1
11 1 1 X X _ i
C 01 1 0 X 1
N 11 1 1 X X
10 1 1 X X B o 4
11 1 1 X X 10 0 1 X X
| I I .
B _ I I
10 1 0 X X B
a s
B
1 1
a=A+BD+C+B' D b

b=A+C'D'+CD+B'
c=A+B+C'+D

Digital Logic Design: Combinational & Decoder 82
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/-Segment Decoder: K-Map
AB AB I
cD 00 10
00 00 1 1
01 01 0 1
1 11 0 X ’
10 10 0 X
d=B'D'+CD'+BC'D+B'C
e=B'D'+CD
f=A+C'D'+BD'+B ('
Digital Logic Design: Combinational & Decoder 83
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/-Segment Decoder: K-Map &
A
AB
CcD 00 01 1 10 I
00 0 1 X 1
01 0 1 X 1
a=A+BD+C+B'D' i
b=A+CD+CD+P 11 1 0 X X :|
c=A+B+C'+D c
d=B'D'+CD'+BC'D+B'C {0 ! 1 X X
e=B'D'+CD , |
f=A+C'D'+BD'+BC(C'
g=A+CD'+BC'+B'C
Digital Logic Design: Combinational & Decoder 84
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BCD to 7/-Segment Decoder

* 74L547

I+VCC
| _
a
< 0-WN
(D —— OE‘W\:—
c—oF BCD- pia——
BCD | to- _
input | o | 7-segment :d, AA
g decoder/ b4
driver )
| A — O_Wv
Blanking{ —BI/RBO OL\N\,— b 4 Y°
controls | —— RBI _
LED test — g d
: —qLT O WMWAN— e
input 7446 or 7447 | For current e
I limiting

(@)

Common-
anode
connections

Digital Logic Design: Combinational & Decoder
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Thank You

32 zmo
— s
.
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