ENCS 2340
summary
Chapter 4

By : Malak Obaid

STUDENTS-HUB.com Uploaded By: Malak Dar Obaid



Combinational circuits

. It’s a logic gates with n inputs and m outputs

—> —> n INPUts: xq; %5, o)X,
—| Combinational [
n inputs . . m outputs m outputs: fs, fa o f
; Circuit o
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* There’s no feedback in combinational circuits
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combinational circuits

* There’s no memory in combinational circuits
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Combinational Circuits Operation

Analysis I Design
p
e géc |
"
A0S Lo calpis 615> LAy chis Sstot La LB
Sl s LT | "5 AL LaS B> ks Lo
< Function may be expressed as: oulpals ()| <o

= Boolean function

= Truth table
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/ﬁ/)(;f el 3

F1=T1+T6
B = A'B'C + A'BC’
4—Jaan Ti=ARC +AB'C' + ABC
c—y F,
A—TN T,=A+B+C 1, |71,
c—1_~ = (A'B' +A'C' +B'C')(A+B +C)

A'B'C + A'BC' + AB'C’

)
> Ly
> F, = (AB + AC + BC)
- T,= AB 2
s— D = (A" + B +C)(B' +C)
=A'B'+ A'C' + B'C’
T,= AC
——» :
C— l_.-/ i
level 2 F=T3+T,+Ts
2 —n = AB + AC + BC
‘ c—_J 14=8cC ‘
Jevel 1

b)) ouns Jevel 3 (koo b J level dfg—:«-d ARV, c_:_:F
-L@:Ls_fé. truth Aable () %;/!b [:/,J) Ana!ysigdl.:l;:j .r_’}_,,!ﬂ

uade with GOOdNotes
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Tu&\r\. table wmethocs~

2" Cogls clUm am LIl g8, e Fows Jlsas ';*LS:: T-’;J @
5% Jul g-;l(fif!;d;{cr_—wqm_,Lb‘;lel.: fevel J5 o ola £) als, f-g-e-l‘nrau @

a—) T fows = 27 =2%-8
c—__/ Fy Truth Table
AT T, Te ABEC Ty T Ty Ty Te Fs F5 T Fs
c —I= L @00 © @ 0 0 @ © 1 @ o
Do 901 ® 1 & ¢ © 8 1 1 1
- 819 0 1 & 6 & @& 1 1 1
A T3 Fa
_} G141 6 1 @8 1/1 & @ @
! I8 ® 1.6 9 @& 8 1 1 1
A— T i 11 6 1 0 1 @ 1 @ @ @
c—iy — ' 16 8 3228 ey & a8
. 1142 1 12 2 4 2 8 82
- -

¢ 5
1. -

13 olp ~d /—c’.-ma‘,o I ‘.u'_;_-q.) ﬂl%ebﬂl’nt expresson )\ ;"gc;p_, @

BC BC
AN_00 01 11 10 AN_00 01 11 10
of o [ o [[1]] o of 0 0
Fz Fl
1| o |+ [[GJD 11| o 0
F, = AB + AC +BC Fy=A'B'C+A'BC' + AB'C’ + ABC

atn Goodnotes
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How to Design a Combinational Circuit

1. Specification

z &1 W o5 owdputs Y\ s inpws J)sas (b ohlcam Lu hall Cop d) cor o
993 5 oge W Al JB F/
2. Formulation

<) truth table of logic expressians C}; 5_9,4’:1,5()55@ olles A) (_J9£ 9‘3’

3. Logic Minimization

L Ledsy Ol Solsad\y o itsal L Boolean algebra 51 K- map )\ Paswl 8\ sae 0153 s

lo Lo

4. Technology Mapping

AND , OR., inverters =i i 5 sl S ) WAL oliis A A8 o 520 ¥
ALl 3¢ 5 —tan TN it i) @ Nl OB G V)
Daluj d:ip ¢_’"__;5n ;‘tﬂ; (:-’3"-':4’ dak d}ls_; :K&S:U]g‘*_rny

5. Verification
Us.mj Simulabion 4 m-:muu\\j bl X f,l@,-g-en o LlLs A (o thl 5_95-,5_);9\ r:.-B
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Verification Methods

<+ Manual Logic Analysis
<> Find the logic expressions and truth table of the final circuit
< Compare the final circuit truth table against the specified truth table
< Compare the circuit output expressions against the specified expressions
< Tedious for large designs + Human Errors
< Simulation
< Simulate the final circuit, possibly written in HDL (such as Verilog)
< Write a test bench that automates the verification process
< Generate test cases for ALL possible inputs (exhaustive testing)
< Verify the output correctness for ALL input test cases

< Exhaustive testing can be very time consuming for many inputs
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example : Designing a BCD to Excess-3 Code Converter
2 <A S hp IS JB) o p Ol cs

1. Specification: 4 ™ — L«-c:’ 'uuL_.- L'/(S |.2/L4_£)
<> Input: BCD code for decimal digits 0 to 9 3-'3,9 J,'wa; Q Ottﬁpufl 0\ ;;um
< Output: Excess-3 code for digits 0 to 9 5/&“’ d_é) E:f
<+ Convert BCD code to Excess-3 code

2 »SHu BCD Excess-3
n BCD Code we need 4 bis abcd WXy z
Cnumbers Rom (0-9))
From BCD to Excess-3 , we add @ 000 9011
2 to BCD num o Yhe pmders In
Eicess- 2 Jom (.E?bn :L‘Z) ond also 9 001 106 0
bits - so Mhem
we ned Qe Vot 2010 0101
2. Formulation: 0011 1169
< Done easily withatruthtable/ PR S
< BCD input: a,b,c,d Al L8Qe
1160 1898 1
< Excess-3 output: w, x,y, z
111 10160
<> Output is don't care for 1010 to 1111
1000 1011
1001 1189
19010 to 1111 XX XX

\

invatid in BD so they
ore dont-Cores here in Excess-3
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3. Logic Minimization using K-maps:

K-map for w K-map for x K-map for y K-map for z

cd
o0 01 11 10 oO00 O1T 11 10 00 O1 11 10 00 01 11 10

ab

00 ERIERI NI E 1 1 1

01 1 ([{1]] 1 1 1 1 1 1

11 [(x [ L] X x [ x | x ([ x I x It x | || x | x [[x
101 ]1]x] X |1x|x|1 X[| x || 1 X || X

Minimal Sum-of-Products expressions:
w=a+bc+bd,x=b'c+bd+bc’d ,y=cd+cd ,z=d
Additional 3-Level Optimizations: extract common term (¢ + d)

w=a+b(c+d), x=b'(c+d)+b(c+d) ,y=cd+ (c+d)

G o LS P angs i 0and ity IS Komap Jmudk

4. Technology Mapping:
Draw a logic diagram using ANDs, ORs, and inverters
Other gates can be used, such as NAND, NOR, and XOR

a AD—I'D_W Using XOR gates
x=b'(c+d)+blc+d) =bD(c+d)
I
Do

y=cd+c'd =(®d) =c®d
a D w)
b — D
) -
¢ l—D-‘*’
z
d —+Po : z
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Verification methods : manually and simulation .

5. Verification: Truth Table of the

Can be done manually Circuit Diagram

Extract output functions from circuit diagram BCD Excess-3
abcd ctd b(ctd) wxy z

Find the truth table of the circuit diagram

Match it against the specification truth table 0000 0 0 R
. , 0001 1 0 ©10 80
Verification process can be automated
0010 1 0 101
Using a simulator for complex designs 0011 1 0 2110
” 0100 O 0 8131
D_,D*“’:ﬂ“’(ﬂf) 0101 1 1 10068
b M X 0110 1 1 1001
x=b@® (c+d)
—) - Dy ( gl il 1010
¢ _D__i,zc.@ar' 1000 O 0 1611
d 4 el 1001 1 0 110680
5. Verification: { 682 13 &jpig
ABCD — wWXxyz
Run the simulation of the circuit o | _ﬁl © P oo
INPUTS F [ I
A L L 5 | 1 I
B o = = 4 I = o
C L ] ) ! | | 1
D | | — I 1l LT 1T
OUTPUTS F - = T
W) 1 [ 1 T L
X L I I | o | i
¥ | | | | 1 | | of | ___I_
z | TN e T s T ey o TN ey Y
| ' | [ i
0 50 ns 100 ns
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7-Segment Decoder

< Made of Seven segments: light-emitting diodes (LED)

< Found in electronic devices: such as clocks, calculators, etc.

= ol
T o T A~ BCDto [P
1. U H29456 1Y i 5
e c3 - —>
b o e od 1 11U C_)?Segmentﬁe
D —| Decoder [ f
(b has Y inpuks and 7 sutpts

Another example : Designing a BCD to 7-Segment Decoder

1. Specification: Truth Table
< Input: 4-bit BCD (4, B, C, D) BCD input  7-Segment decoder
< Output: 7-bit (a, b, ¢, d, e, f, g) RDCD Lo
o000 1131118
< Display should be OFF for 54 b 2110000
Non-BCD input codes 20160 1101101
ge11 1111681
' 2 FormUIation: 21080 9110011
< Done with a truth table @101 111011
, e110 18141113
< Output is zero for 1010 to 1111 o 1.4 T
Iii' 10080 14341113
et 1) LI IUNG G TR0
L s oinoreded (JC T 1O 10D bl ot ke,
1010 to 1111 PO0OOOOO
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3. Logic Minimization Using K-Maps:

cp K-mapfora ., K-map forb cp K-map forc

AB 00 01 11 10 AB

ool | |(x]71)] oofl] ]

00 01 11 10 AB 00 01 11 _10

[l «

off |G I@J|  orl4)

]

ool L1_{[1]] 1
01[1'{7l 1 1)

" 11

11

10l[11] 1 101 | 1]

of [1 ] 1]

a=A'C+ A'BD + AB'C' + B'C'D’
b=A'B"+B'C'"+A'C’'D'+ A'CD
c=A'B+B'C'"+A'D

Extracting common terms
LetTy =A'B, T, =B'C’, T;=A'D

cp K-map ford cp K-map fore

00 01 _11_10 00 01 11_10
"ol TR ool T T
o [ [l4)] o 11
1l nf
10fl11f 1] 10][1]

Common AND Terms

=» Shared Gates

T, = AB'C', T: = B'C'D'
\'B'C, T, = A'CD’

Tg = A'BC’, Ty = A'BD'

STUDENTS-HUB.com

Optimized Logic Expressions
a=AC+T,D+T, A+ T, D’
b=AB' +T,+AC'D' +T5C
c=T1+T;+T;

1,,T,, 7T, are shared gates

cp K-map for f cp K-map for g

AB

00 01 11 10 AB 00 01 r__11 1[}

00

L] 00 1] 1)

01
1

E11 KD {0 it ] I

"

10

1] 1| 10| 1|

Optimized Logic Expressions
d=T,+Ts+T;+T;,+Tg D
e=Ts+T;

=Ty +Ts+Tg+ Ty
g=Ty+Te+Tg+ Ty
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4. Technology Mapping: 4 I,
B’ .
Many Common AND terms: T, thru Ty ' ’
To=A'C, Ty=A'B, T, =B'C’ D’ T,
Ts=A'D, T, = AB'C’, Ts=B'C’'D’ B’ T,
T, =A'B'C, Ty =A'CD’ A’
r ] ' ' C T{I
Te = A'BC’, To = A'BD .
- . ; D’ T,
Optimized Logic Expressions
a=To+Ti D+ Ty +Ts & T
b=AB +T,+AC'D +TsC 5 T,
d=Ty+Ts+Ts+T;+TgD
e = T5 + Ty
ettt Tat T Showing only Kr)
g=Ty+ T, +Tg+ Ty Outputs e, 1, g ¢ f
5. Verification:
$- Msgs | .
A 0 L [ |
*B 1 1 | | | l,__,—,,
P 1 ! [ |
$0 0 L] L] s Nl L e Tl ™
$a |su S = | I 1
$b Sto I [ I
P st1 ’ L | o
$d st1 = L L I [ 1
de st1 I T LT 1
*f [ su ] [ L] | [iT ]
L ®g st1 ! I — |
XDO Now I 200 ns Insl T Isulnsl 1 il ;.U{:nsl R T T R T iﬂ;n; T =
S/Osor1 65 ns 65 ns

Ge‘ehnotesﬂi] I (-

1 0|
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Hierarchical Design

8 all aniudiy 4683 Eua (cOmplex circuits) sasall olylull asaiatl dlaai,
2y (block) s c3a JSg Ledacass oia (DlOCKS) Lpsacuis 8 jadin 132y
(primitive block) ey dhasis (Ml ¥l ially sl el dawds

(__.9.*!.}.'1_9 tree IS & Ty _,‘ﬁSJS.L‘a:' L'\.]a.;.u:s‘_g prlm|t|Ve block J L\.-.a\_g s
Le 4islkll complex circuit Jl Jass aa s oind 8slad 3gka

Jaris LSy 3a8ae &lylal sl Jaas jads G cplall sl J5led yag
verification for that primitive block and place them in a library for
future use

Example of Hierarchical Design

........................................

Xp B Yo Oi% 4 input

X2 OHx
X2 B ¥; o>]x. Function
X, O i~
.\__I = .1{_1_ D‘E‘.\'ﬂ 4-Ir‘|pul
.T.q (o 16' t .1:; DT.'I'| Odd "
Xg D -inpu X O™ ) -
Tf' o i ,.f o>+, Function -:'T 4-Input _
\“ D Odd —— Z @ D—E—.\'q — ¥ Odd z -E-C):

# ' lJ _npu --. F t'
X, D ¥, D4, x, Function

. il Odd z i

¥10© Function X, 2% " . ; ;
X, B Yool Functon | Hlergrchlcgl Design
X3 O ot owd . | typically includes
bl WY odd s . | blocks of different
X% .rH X2 ; : . .
15 57 x,s ©+x; Function . | functions and sizes

UPlcwe Ood) 16 Lis U Ole
Ol M sap\ sl Clont{J
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Testing Hierarchical Design

<+ Exhaustive testing can be very time consuming (or impossible)
<+ For a 16-bit input, there are 2% = 65,536 test cases (combinations)
< For a 32-bit input, there are 232 = 4,294 967,296 test cases

< For a 64-bit input, there are 254 = 18,446,744,073,709,551,616 test cases!

% Testing a hierarchical design requires a different strategy

+ Test each block in the hierarchy separately

< For smaller blocks, exhaustive testing can be done

< Itis easier to detect errors in smaller blocks before testing complete circuit

<+ Test the top-level design by applying selected test inputs

+ Make sure that the test inputs exercise all parts of the circuit

Top-Down versus Bottom-Up Design

% A top-down design proceeds from a high-level
specification to a more and more detailed design by
decomposition and successive refinement

% A bottom-up design starts with detailed primitive
blocks and combines them into larger and more
complex functional blocks

“+ Design usually proceeds top-down to a known set of
building blocks, ranging from complete processors to

primitive logic gates
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3-state gates can wire
their outputs together

At most one 3-state gate
can be enabled at a time
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Otherwise, conflicting
outputs will burn the circuit
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Wired Output

This will result in a
short circuit that
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