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Tri-State Buffer (3-State Buffer)

- For the symbol and truth table, IN

is the data input. and EN is the Symbol
control input

IN
\\\L/SJ—) Ib’/J\m OouT
s For @, Jregardless of the
value on (denoted by X), the  wemble
output value is Hi-Z 2 Truth Table
P ) }CA)L/ L2 T 7|

/
st b v

EN | IN /éz/:r
. For(EN 1 ,, the output value 0 | x| Hi-Z
follows the in IHPUE value 1 0 9
1| 1] 1 |
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'J’us_'. - “ \
g 0 Fondamentgy g
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R tate Values on a nk,mmegn[)n
Whpa s My | = wld N oue
R e S P £/ T
5o <% Resulting Rule: At least{one buffer] output vajy, n o
“Taps” . ; R ]llst
&% be Hi-Z. Why?
) * Because any data combinations including (0,1) and 0) ¢
occur. If one of these combinations occurs, and no buffpg are I?.n
Z, then high currents can occur, destroying or damaging (e Circu‘[\
: I
How many valid buffer output combinations exis¢o
— 3 valid output combination
" Whatis the rule for i“n”rtri-state buffers connecteq to
T "= wire{,OL Sabet
oy ~~— + Atleast “n-1" buffer outputs must be Hi-Z
AT s * How many valid buffer output combinations exist ? \Q

o « A = Each of the n-buffers can have a\y'i,t\llaﬁll others gt H‘i-z

Also all buffers can be Hi-Z. So there are 2n + 1 valid combj

nations,
= ‘t‘:n’;-_;:?;:f_r— r:«’-}_ N Chﬂpter 2- Par[3 1y
== 7 A . S S S PY P —
Dafa -Selcdor EM= T TlePies §empr—=
Vo> o< 4

Ir1-State Logic Circuit =cfive o/

éhc___'gqmc hHme

& Data Selection Function: If s = 0, OL = IN,, else OL = IN,

= Performing data sclection with tri-state buffers: .
. Hip Ls Mo foZuny

Y byt b

6/| EN, | EN, | INg | INg | OL 2 ‘
0l o | 1 | x | 0| o 0
ol o, | 1 | x || 1

AN o o] x | o e

[/ | o | X 1 >

= Since ENg = s and EN{ = s, one of the two buffer outputs

is always Hi-Z. one of chem will be active
< | N o 1V |
. _ 2
R Chapter 2-Part?_~
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\ \ \_},Lc"“ IR s 23 & K U i ST b T ——
; Jm mmuﬂl AND gate using 3-State buflers and m}'cncm
’ FIX,Y)=X.y ST T 7
Use Aas control mput: ol o | v
l . When regardless of the value of ¥ i—"""” I 101
, When 1 Y (‘5{> ;(,’,.q;,,d:of/‘ d 0 0 :
11| 1]
X 0/‘& > 6‘2\) Mos S\JAIfI(ﬂ‘\OJ\Q)(/ );/(/ NComaw ¥ |
g Vafia b} ¢ |
AV ok Ve
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> x - c—
0 s F =
“ J
Chapter2-Part3 21 |
apter2-Part3 21
O e o (= Ew
[~ @m-? E
Logic Functions using Tri-State Buffers | i
| ' ) - - ‘
| T ' ' - . ‘
i Implement AND gate using 3-State buffers and mverters ‘
| F(X,Y)=X.Y X[ v 7|
. 0 0 0 | [.=0
¢ Use Xas control input: i }TF y
. When X = 0, F = 0 regardless of the value of Y T l\f : \3
+ WhenX=1,F=Y CL ; j'\_\
0 L
{\ AMD 3'(2.1’6
/ |
v |
J

22 |
Chapter 2 - Part 3 il
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L
and inverters: F(w,x,y) = Wx + Wy TXY wl x| v]F
NPT AN - & S o v |
= }’_\_,.-f_w . Use was control input: b e o olololy
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~ywrite the Boolean 6\}‘)16851011 of F(A B C)
g diagram below: <
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O
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xaben, Ine
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/l—/ B e “‘*—::—-:TZ':::".‘::T:T:L", e
fhe 1 of an odd function correspond c :
‘ (o minterms having an index with ap o TS
umber of Is. Qo\ 9o 1 1
odd D A y T P T
LA I I T P 1
_1 1 12 13 15 14 B
x| 4 5 7 6 1 1 1
\00 . 1 1 8 Y 1 10
— 1
ZT 1
. . : L D
The 1s of an even function correspond
(o minterms having an index with an C
even number of Is. o [0 s T
1
Oll 4 5 7 6
060 y 1
0 I 3 2 12 i 15 o B
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A
x| 4 5 7 6 8 9 1 1
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wpFundamentady e Z l)
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Colﬂb inational Circuits

et

-

. 11 : 20 .
/q«:lbinanonat 10 gic circul
AL)L

o

g feer= =
L 1aS;

‘ §
| 3
| X i

\ set of m Boolean inputs,
| ’gset of n Boolean outputs, and

)] witching functions, each mapping

the [ 27 \input
Combmaﬂons to an output such that the currens oufpurl

| Mgc onlyv on the current input values

_ » plock diagram:

— L.
= Combinatorial =
5 . e

Logic
. o [+]
° Circuit
1 +] Q
— I

m Eoolean Inputs n Boolean Outputs

Chapter 3 - Part 1 4

e
—

Design Procedure

T AT
1. |Specification

¥
«  Write a specification for the circuit if one is not

‘already available. What does the circuif do?”

Including names or symbols for inputs and
outputs

2. Formulation

D-b )j\./d) \

G

Derive a truth table or initial Boolean equations’

W\ = that define the required relationships between the
inputs and outputs, if not in the specification

3. Optimization

]

o

Apply 2-level optimization using K-maps

Draw 4 logic diagram for the resulting circuit using
ANDs, ORs, and inverters
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Design Examplel

n Specification: Design a combinational circuil that has $ J
X
inputs (X, ¥, Z)and one outpul ; £, such that I =1 \\hu]

(e Tmmber of 1°s in lhc input is greater than the number of

0’s (i.e. number of 1’s = 2)
» This is called majority /1//)(//0/1 (l ¢. majority of inputs must be |

for the function to be 1) WP ,,\L( |
= Formulation: Zi0 gkiy, 05U 5~ i 4 z d
=- 0 0 0 | 0
() 0 | (LA
0 I 0 1
N IOy ik
HERENES
hr_ 0 T‘D"/"/ |
ST e ]
e A
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" quch that: 9 m - = D7
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) 10
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O] Bl
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Design Example3 |

. Specification
s  BCD to Excess-3 code converter <—

»  Transforms BCD code for the decimal digits to Excess-3
code for the decimal digits I |

. BCD code words for digits 0 through 9: 4-bit patterns 0000
to 100\01, respectively

.« Fxcess-3 code words for digits Q through 9: 4-bit patterns
consisting of 3 (binary 0011) added to cach BCD code
Z SR

word

’ iﬂpz;fis Jabeled 7B, C; D
) @wlpulﬁ Jabeled W, X, YV, Z

Pt Do, ot et Chanter 3 - Part | ,
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pA Formulatlon 7000 0011
0001 0100
0010 o101
0011 0110
) 0100 0111
0101 1000
— 0| 1001
0111 1010
| 1000 1011
Bc p=Qa !0l — 1001 1100
RE ” 1010 XXXX
| =PExcess 3= ve Iiao 1011 XXXX
| o < 1100 XXXX Hont
| 1101 XXXX Car,
| 110 XXXX
|19 a1 o s G Frtanrtan 111 XXX
— Chapter 3 - pyy
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Mapping to NAND gates

———
e

g Assumpﬁ0n8°

- Gate loadmg and delay are ignored

i
» Cell library contains ax%lmverter and p-input NAND
gates, 1= 2, 3, ... ) -

_\a___a_>:'

. An AND, OR, inverter schematic for the circuit is
available

= The mapping Is accomphshed by:

> Replacing AND and OR symbols, NS

> Pushing inverters through circuit fan-out points,

'——\-
and

o Canceling inverter pairs

Chanter 3 - Part |
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B g
ing pair of actions untij g,

|
| eat the follow .
| e erter between :

is at most one inv
it input or driving NAND gate outpuyt, -

/ a. Acircu ving
b. The attached NAND gate inputs.

—o{>o— — —Dcfr_

—_

Chapter 3 - pgy)

NAND Mapping Example

A
B

m o

(@)
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;’:i;' Lesign Fudlamentals, 4= (C) (d)
jon Ecutahion. It

Chapter 3 - Part 1 24

Mapping to NOR gates \

o Assumptions: = \

« Gate loading and delay are ignored

¢ Cell library contains an inverter and m-input NOR
gates, n=2,3, ...

> An AND, OR, inverter schematic for the circuit is
available

© The mapping is accomplished by:
. Replacing AND and OR symbols, \

° Pushing inverters through circuit fan-out points,
\
l
l

and
° Canceling inverter pairs
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NOR Nlappl e Y
PI,—WI'{G;I‘I’C;\\”D zmd ORS \

> Repeat the following pair of actions untj] ‘[he

is at most one inverter between :
A circuit input or dr iving NOR gate output, apg

The attached NOR gate inputs.

oo — e

a.

b.

Y

Chapter 3 - pa

NOR Mapping Example

|
J

(a)
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, o
/ o« [runctions of ,t;;;;;_;)l(;[v,srml)l(/ X
o
w (an be used on the -
inputs to functional | Functions ol One VL'[‘“'“
B X |[F=0|F=1|Fr=x
blocks to implement R L. l X
. , ’ X ; J "/7“ () “ I ” I
other than the block’™s S
intended function | y 0 [ i A
“ (s AA( m
“ Value fixing : a, b ¢ iny
“ Transferring ;¢ Vi or Vi,
“ Inverting : o - 1o
A oy
v Lnabling : next slide (f
0 | 0
X | l
(1) (h) (d)
o Chapter) !
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bl T
) 7 - e
| ¥ ‘E;?[l ij?({:) }Derln. § o
. 11,8 an N - S j-~r._‘: R . .
i In . ST e e
to an output PUL Sigpa| ‘
0 pass thI‘O‘L\(Jh

| = Disablinis 1]

; S OCkS :

through to an oy tan INput Signal from passine
1 put, replac . M passing

value CINg it with a fixed

~ State o
gates), 0 . or | buffers angq transmission

. %
| = When disabled, ¢ outpyt —— EN T}F .
‘ = When disabled, 7 output (a)

:’ X |

]
: purar Desige Furrtamentals, 4z EN @- F \‘V
Eides Q \ {

| Decoding |
R ﬂ

= Decoding: the conversion of an 7-bit input code to an
m-bit output code withm < m< 2% such that each

valid code word produces a unique output code

e

pu-y
= Circuits that perform decoding are called decoders
e

= Functional blocks for decoding are
o called si-to-11 line decoders, where m < 27, and

+ generate 2" (or fewer) minterms for the 7 input variables
| ¥

|
Scanned by CamScanner



1-to-2 Line Decodel

Mﬁﬂﬂﬂz’:::::?;f,:m\
M |Q

b e N I
b

B ‘ als the subscript of p
o o] valug)of A €U - b}
= When the @qa]\/]%hcrs will be 07s |

that D; will be | and

= Only one output is active at a imc

A '; Dy D, R L//) — D() . —/\~ g .1-t0-2 Do }
0 1 0 J Decoder )
1|0 A D= A
(a) (b) (c)
« Decoders are used to control multiple circuits by enabling
only one of them at a time
-/ 4)\1‘16‘ v st Deign Furdamaita s 4n . :
Compaimimatnve  Chaptt
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. S — — Chapter 3 10 \

(c) (0)
= No more optimization is possible 2~
s Note that the 2-to-4 line decoder is made up of two 1-10-
and 4 AND gates

Chapter 3 1

2- line decoders
o Cepsiaus

‘p:'.:-'C». g Fupvdas
N
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D

8 601161 (11 ploc@dﬂle g Ven ::'J'_g:j_fif?f_:.‘f'fg‘-~~-rm
inputs a f?{ 2 " outpuss

coder
using der backwarg from ¢

3‘6"1(: p D
"Jerf.,» oy

..1
—4
,,/;1
,\{ ‘l
i1
(]
)
>

cCOOLCY

~~kf T

=
o
-
ol
Il
=

YN
2. W K2-in
2. We need 2%2-inpul AND gates driven as follows:

= I K is even, drive the o

ates using > tWo K/2-t0-2%2 decoders

= I Kk is_odd, drive the gates using one (k+1)/2-to-20+1)2
decoder and one (k-1)/2-to-2-112 decoder

3. For each decoder resulting from step2, repeat
stepz untﬂ@Fork 1, use 1-to-2 decoder

6 Fueamantsls, 42

o Chapter3 14
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Ny

——

e 3 \\\\'
| e - T'f\ A W3 2 :
' Decoder Expansion - Example {
{; = 23’ 2 o B ;

= 3-to-8-line decoder
ok =n=3\
° We need 23(8) 2-input AND gates driven as follows:
° k is odd, so split t(;:\
2= 3< = 2 to-4-line decoder
(" )LIJ—to-Q-Iine decoder
° 2-to-4-line decoder > k =n = 2

= We need 22(4) 2-input AND gates driven as follows:
= k is even, so split to:

N\

* Two 1-to-2-line decoder

= See next slide for result

Scanned by CamScanner



o .
Decoder Expansion - Example 1

(;N:8X2+4><2+3

GN = 27 A |

Straight forward design 1
has the same GN cost

| 42inputANDs || "8 2input ANDs ‘\

|
I
1
\

_sé

|

—P
/‘/
L |}

2-to4-Line
decoder

\ (
A
A2 \ L/

1-to-2-Line decoders

I

) 1 i
et 3-to-8 Line decoder o ——
ity Furdaertols, 4n i

RERIS oy e Ch"‘pLC‘\ ) 19 \
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6 .
. We need 2°(64) 2-inpyy AN
5 . ¢ X s
o k 1s €ven, so split (- sdles driven g [ollows:

= Two 3-t0-8-line decoderg

S desionc |
U s gned as shown ip Example I |
t (fémw(%z) |
~ N()\(} \(2% 7 "“ (3
> 4 37 S ¢
) 316 = 132 |
> L |
0
— \~ o

Chapter3 22

/ ;
T

':=64x2+16x2+8x2+@ T 3?: Ty Do=A54; A3 Ky A1 Ao
y = 182 v e — (- !

2 ¢ 3 —_

Dg, = AsAyAshAo A

i
i
i

T Dgy = AsAsAzAM A

Lman il hapte" 3 23

| __‘_g_q;'_;é—
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Xam
D@wdm menuw“ JE . p}pg

e TR e

» 7 to 128 lme (Iecodel
s k=n=id
* We need 27(128) 2-input A
° k is odd, so split to:
* 4-t0-16-line decoder
= 3-to-8-line decoder
* 4-to-16-line decoder

f s k=n=4 . .
| = We need 2*(16) 2-input AND gates driven as follows:

ND galcs driven as follows:

| =k is even, so split to:
| * Two 2-to-4-line decoders secod

1 11 oders
/ * Complete using known 3-8 and 2-to-4 lin¢ dec

"GN =128 x24+16x2+8x%x2+12%X2+7 =335
? - -
= Compare to straight forward design with GN cost of 903

-

~

——

Chapter 3 %
N
Building Larger Decoders
" Method_1: Decoder Expansion
" Method_2: Using Small Decoders with Enable inpuit
Example: 1-to-2 line decoder with enable )—>

* In general, attach ni-enabling circuits to the outputs

* See truth table below for function
= Note use of X’s to denote both 0 and 1
= Combination containing two X’s represent two binary combinations

= Alternatively, can be viewed as distributing value of signal EN to | of 2
—_

outputs .

* In this case, it is called a Demultiplexer’ EN

|

Leg: orr Pt
Fom, rt? Shidag
© 2002 Fearson £

1-to-2
Decoder

(©)

Chapter3 25
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e —

t

3 " @—'4 Lﬂlﬁlb D@Q ——
N I .-.._,_?‘(}Qr Wﬁh Emb]e

( ol _11_[]/7(1/)11”” (,erUI[S 10 e e e
h thC OlllDu[ N —

c[ b table below for functigy
]
nbination containing tw
<0 L 0X’s fepresent four p;
M“de e . s inary combinations |
utmo Vi

Jrer
alue of signal EN to 1 of 4

put%
. In this casc, it is called a Demulnplew,

Oth

Chapter3 26
- |

7-to-4 ILine Decoder with Enable

=
. Attach 4-enabling circuits to the outputs

. See truth table below for function
. Combination containing two X’s represent four binary combinations

¢ Alternatively, can be Vljz\'ec{ as distributing value of signal EN to 1 of 4
OUtpUtS T eEETU {w 2\ Uyl € ole cu(p.d)\ 7o Df"’( L)D_A,w (_&/J\ v

« In this case, it is called a Demultiplexer

Aq 490*
p—r—>0
e
—D
204 |0 BN AiA|DoDi i LD_jD—m
Decoder — D, 0o X X |0 000
= Dj 1 0 0|1 000 :D—Dz
1 0 1]01 00
i 1 0]0oo0 10 - D,
1 1 1 o 6 0 1 [ —
_._.____——————*—————"—'""’_‘ b
(a) &)

Chapter 3 27

PP o
f.f.[‘.|’r it Fandamanta's, 4o
CEAuaton foy
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posr Dmsirgts Furdamarlis s 4

_————enoble

2-to-4 Decoder using 1-to-2 DecoderS@lnd Inverters

t Do Dy g
B 0 |
L0 I
L0 0 |
0 0 |
Ist 1-to-2 Decoder
DO—_—DO
Ao"‘A
Dl——Dl
EN
Al—‘{>0——__'
DO—DZ
Bo—A
Dyl—p,
EN
]

Ch apter3 2%

-
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8 Decoder usj With e el
3_t0— € o ] USlng 2"‘t0~4 Decoder Tand IﬂVQl‘th’Si‘f-“»f\;’f';" p
I LA LR SRR T S YT
Ao [PDo D1 D,
------- 0 1 0 0 0br 0 0 ol\
1 0 1 0 0110 o o 0\'1
of 10 0o 1 ollo o ¢ o
1 0 0 0 1 0 0 0 0
.. E::::-b—é 0 0 0 0 1 0 0 0
o 1o 0o 0o off0o 1 o o
o fo 0o o0 oflo o 1 o0
i lo o 0o olto o o 1
‘ 15t 2-to4 Decoder 2nd 2-t04 Decoder

o Chapter 3 31
g = QBIDEITATG, =

Scanned by CamScanner



_16 Decoder using Qpy,
410" Y 2-tp- 4D
CCoders

\.\
!
{

Do—D, |
Dl e D5
Dz—"DG |
D3“—D7 l‘

-
Do—Dy» \
D;—Di3
D,—Dja ‘\
D3;—Djs

. EN \

Chapter3 34

—
Combinational Logic Implementatmn
J ])ecoder and OR Gates

e

= Implement 72 functions of  variables with;
o Sum-of-minterms expressions KoM
> One n-to-2"-line decoder

» 11 OR gates, one for each function

» For each function, the OR gate has k inputs, where@jis the number
of minterms in the function

r Approach 1:
* Find the truth table for the functions

* Make a connection to the corresponding OR from the

corresponding decoder output wherever a 1 appears in the truth
table

" Approach 2
* Find the minterms for each output function \

. OR .OR the minterms together

g Fure 1 M Ao

Chapter3 35 \
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e ndIORE

T - ate:
| g decoder
| . Implcmcnl ﬁmctlon[ an X7+ XY
\'fkl' : f( 2’ ara hleS
| 7] 'Y
| » n = 3 variables =2 3-10-5 decoder
= One function —9 One OK 8 gute at
m
= Solution: Convertf to SOM fo o
XyZ + XyzZ

i VI E
ofzxz*(y+7)+fy(z+z):W“xyz

_input OR gate
cf,@o' ¥,2) = Zm(2,3/46) S4-input O 8 -

\ Rr
Eng MOp. s z— R0 Dy
e %)\" i ) D
= Decoder is a Minterin y—A, D;
D
Generator D 1

x —A2)  Ds |
D;—
L 0g< ard Cemputar Design Furvamentals, 44 l‘(\OB f' %\% n I‘ W Chapter 3 36 ‘

Fonerfort® Shilay
© 2003 Fearson Ecucatan, Inc

Example2

e P T e e ———

= Implement function f using decoder and OR gate:
fw,x,y,2) = Z(O 4,8,11,12,14,15) F;,M\(},QLUP,})]

ub/l

=

= 1 = 4 variables = 4-f0-16 decoder | i
= One function with 7 minterms = One 7-input OR gate

B o A e e i

7 = If i umber of minterms is greater

W Sl g7
b - g é'z‘k(m —, then design for

o complementF (F) and use NOR
' gateinstead of OR to generate F

KT ro'l"‘

Logic ared Coenprater Duign Furdamentas, 44
PonetPeld " Slidey
T 20UH Prarvon Feucalen Ire

Chapter3 37 |
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= e
f//‘(:/‘ ]t tUIlCtl o e ey N T T TR AT T ‘

& decoder and
=3 variables = 3-o_g 4 and OR gates:

\
* oder | x v [z ]c s
ti on > — :
T WO func 1 Sy &JTE\U,/\O )Qiigates d L 0 0 0 0
ﬂ Solutlon —r“\‘““ & oe) i) \lolol 1 ]o|lt
2
_Y (3,5,6,7) >4 oo o |y
€= Zn ) 2hinput OR gogy ol 1|1 |lyo
,S= Ym(L24,7) 2 4-inpyy OR gate ALt jojogo DU
I 51 o1 ir]o
s —la, D 61l 1o |u]o
Y —AL D3 —
Dy Tl
_— D [ N S
X —A2) Dy —- |7 ?)}c
D7 —_———
L{‘”TMF‘ most %i%ﬂfﬁ‘caﬂf. Chapter3 38
Exampled
T : = T \>/1 - - — -
: Implement the followmg set of odd pal‘lty functions of
(A A As Ay) A - m———r
P =A,OADA, 4 (1) i
= A, ®A6®A4 57 2
A OA®A, A A
‘ Finding sum of > =
~ minterms expressions 7 =
8 \ ‘
P, =% _(1,2,5,6,8,11,12,15) o 1
=% (1,3,4,6,8,10,13,15) :12 =
- P=%,(2,3,4,5,8,9,14,15) 13}
' * Find circuit i
| " Isthis a good idea?
1“{,’:“* e damnantals 4, Chapter 3 39
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! ’ y | o
SR [
{’ e .

| ﬁ:ﬂ;@gs@ﬁq /)/Z’ +ﬂ//)5/h, |

| _ B N o .

| :%Agﬂq s A7/35 Ay & - //”//6)

‘ ° \ oﬁ-l)i»[)’x

If)

GO (A1) [ ?mawww':“, . K Puncter) Ye J;' Lz
Qad)) " ls A A AUD &gl AU S ! - { y
= - TR AT s ANMY cid & o €, 3> (}' X
= Y ooy gL
/ 5 S
0 - ~ & —
g & Co 2 —_ /_) A /—) ﬁ) L
A AT =2 T Q’ﬁbﬁrjg”*-r [0
AR 8  Ay + g A s ha ¥ 07 0 O) ¢ s/
o0 o () o | o () A A A [4
DT BB, + 0005 By +Az8 4500 F 07 00
0 ¢ o 1o 0 (I (15)
(=) (12) (n)
L‘:&E‘;_ii%:mir%;:r1‘ s, s . 4 . (‘ 2 g' M) Chapter3 40

—— e i v
= Implement function F using 3-to-8 decoder AND gate and
G inverters:  F(4,B,C) = ¥,,(1,3,5 7)

=> = Solution with 5 inverters: C—ff Di——>

= = Solution with 4 inverters:
N F(Al B, C) - HM(01214'16) DO

POV

Lagic ar ¥ Compearar Duugn Furdamerals do 07
Pou=t®icl® Siid-s L
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e SPETL

‘- f/p (/)' B/ C )—:7 % rﬁK‘-\;—l-gTs’/"j—)\_ M\::‘::?'T, -
: n=> Vo\{i“b‘u R\ﬂ
3,{0'80\6(00‘6;/ \
. Bine Punclien-> One Qp\ acite E Vsl
| et O\% P s X
peo
Aesl S

.\T\V e ler
o AND

oji ) Ji 391\—";1 ﬁé i
T o |

2 < Desian Furdamentas, 42
oyrprsr Cesia

| PRt slides

n Edcaten, Irc

Chapter3 42

' Encoding 7

=

' -.p{EncOdz"ng: the opposite of decoding - the conversion of
- an m-bit input code to a n-bit output code with n < m <
2" such that each valid code word produces a unique

| output code

'= Circuits that perform encoding are called encoders

® An encoder has 27 (or fewer) input lines and n output
.~ lines which generate the binary code corresponding to
 the input values

| ® Typically, an encoder converts a code containing exactly
| :: one bit that is @to a binary code corresponding to the
~ position in which the 1 appears

NN T TN T

24 Doy Fur damumersin aa

[l NPy
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2-to-1 Encoder & 4-to-2 Eincodey
S — B e \

—
Dy| D A , ‘
0 | 0§ Invalid Input D A DT 2:0e1
011 0 Do__l>o—— P— Encoder A
. . L
110 1 .
1 | 1] Invalid Input A=D;.Dyg =D
. y =
- ©)
Dy—
_ —— 4,
Dy 4-t0-2
D,—  Encoder
DS__. “Al
(c)

Chapter3 4
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o]

VI E Lt oy Y.

‘»"'!’l't!! Dasign Fup damanta’s, de
Shigeg

A
Di— 4102 ’
D,—  Encoder
A
D3~

(©)

Chapter 3 47
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8-t0-3 Encoder (Octal-to-Binary Encoder) 1
A2 ' /

D\_"& Ds | D4 D3 | Do|Dy ]
¢l O 0 0 0 ol o 0 | 0 )
" OjTololololo] 0
2 .

0 jojojojo|l1]|o]oO I 0|10 2 Dy 8-to3 )
sl0loflofloflti]oflofofo| 1|1 |5 Di— Encoder [4

D _—
0 oflofj1]o]loflo|lofg1[O]O D-:_ .
lojo]t1]ofloflofojof1]o]! N
7
ol 1|lololololo|loft1|[1]O
\
i1 lolololololoflof1]1]1
k=2 P‘o RS (_i;;U X (a) L 1
2 \/A0:D1+D3 D5+D7 (©)
é/l:‘ﬁ) ¢+ o

¢S

Chapter3 49

B
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pecimal-to.R
I Ellcoder

//’_/,‘/;__, - g o

- = S
T T
s e

+ faputs: 10 bitg ¢ e ——

TCSponding
tlu/o_u’_lﬁ, (Do, .. D9) ding g decimal digits 0

s Quipuis: 4 bitg With BCD codeg (A Ao A |
3 A, Ay, Ag) |

s Function: 1f mput b : |
1t D. . |
the BCD code for (S aL then the output is

‘med, but alternatively,

the equatlons for each of the foyy outputs can be

obtained directly

Chapter3 50

Decimal-to-BCD Encoder Cont.

! S —— s

e |

- = Input D; 1s a term in equation A;1fbit 4; is 1 in the binary value
for1i

. = Equations:

A;=Dg+ Dy
A,=D,+Ds+ D¢+ Dy
A, =D,+D;+D,+D,

A=Dy D ED DDy e e e
' e

* What happens if two inputs are high s1multaneously‘7
| are high, then the output is 01 11 which
igh 777

* For example if D; and Dy
indicates that only D, is h

« Solution: Establish input priority

Scanned by CamScanner



e _

Priority Encoder

BN ooy 2
i A —

— ~Wm” . .
hen the encoder just designed %s

S S

s B e S
S

e Y
) - o s s s

= If more than one input value 1S I, t

not work

One encoder that can accept all possible combinations of 1nput valuyeg
ty encoder

and produce a meaningful result is a prior

Among the 1s that appear, it selects the most significant 1nput position
on) containing a 1 and responds with

0
\@ «—(or the least significant input ositi

the corresponding binary code for that position
iy )}4 A\ r o [High priority encoder: gives priority for the input whose value is 1 and

H

's

o

. has the highest subscript
9 ) \

cj;ﬂ Jb == low priority encoder: gives priori
Q ~ thelowest subscript

ty for the input whose value is 1 and has

s?

= Ifall inputs are 0’s, what happen |
"~ —> « Define an output (V) to encode whether the input is valid or not
> » When all inputs are 0’s, V_is set to 0 indicating that the input is invalid,

Desiqr Fundarmentis, 42
Chapter3 3

Lo<gis and Compizr

D50 Pesmon Faucation. 6o
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-t Minterms/

0
" Rows

/ N — e ——
f1=D, D, Dy + D;D;, D, D,

A= DQ&DZJFDSDZ)
Ay = Dy Dy (D, + D3)

| 41=D, D, Dy + D3 D; D,

D,—— Priority
D;— Encoder

(c) Chapter 3 55
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= = ]

e

e —— . S
4-to-2|High |Priority Encoder 4
#_of Minterms/ D;| DD, | D{ A4 Ao V Ag = D3+ Dy D\ZD1
Rows - | | Ag = D3 + D\le
1 0100l O0OgX|X]|O —
1 ololol1folo]: A114 __DB ++D13)Dz
2 olol1lxMo]1]1 S A’
4 Ol 1 | X|X}1]10]1 V=D3+D2+D1+D0
8 1 1 X X | X|1 1 1
(a)
Do— 4402 Ao
D;—  High
D——  Priority Ay
D;— Encoder v
Logic and Compater Dazige Fundamentals, de (C)
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optet Letign Fundamandy's de
¥

T o

ﬁ;ut}/ > nputs (D,, D,,D,,D,D ) - highest priority to most
sigﬂiﬁcant 1 present - Code Outputs A A iq ] dV wi p\/ indicates at
1 . > N c n awts ¢
least one 1 present | # o Ro e Vwhere ¥

..........

PRSIESE |

No. of Min- Inputs Outputs
terms/Row D, | D, D,[D D | A A A \ v
1 0 2 1 0
1 OCjotojlololx|x|x \ 0
1 0 jojololilololo]| 1]O
2 o jojoj1|xloflol| 1] 1]
4 o |o|1|x|x]ol|1]o | 112
3 o |1 x|x|xloli]i]al}s
16 Pl x x| xx] 1o o] 1|n

» X’s in input part of table represent 0 or 1; thus table entries correspond to
product terms instead of minterms. The column on the left shows that all 32
minterms are present inTthe product terms in the table

Chapter3 59
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— der Cont.
Swln put Pr 1011"113’ Enco Z’\

ns, put can be reaq
ophmizcd if carefy].

vy

= Could use a K-map { .
directly from table and ma

A, =D,

0 OC( Cqudtlo
Iy

e — . _ D +D,)
A] =—ﬁ4 D3 =i D4D3D2 - D4(D3 ’

A,=DpD;+ DD,

V =D.+D.+D 3 0
3 2 1
antas, da Chapter 3 60

. Selectmg of data or information 1s a crltlcal
function in digital systems and computers

= Circuits that perform selecting have:
=>- A set of information inputs from which the selection 18

[

made
= < A single output
=+ A set of control lines for making the selection

® Logic circuits that perform selecting are called
¢ mnultiplexers
= Selecting can also be done by three-state logic

Scanned by CamScanner



V

e

T

dire¢

g F
selection
ca alled

gt

*——-..,,_

///lmltlplcml Sclccts mloxm
¢ £ ots the iInformation g
T —,

X typical multiplexer h

Iy ), and one outputm

Wt ‘ltlplexu s (MUX) (Dat‘l Selectors)

e S |

dll()n from an mpul line .md
an output line
\\\—s

control inputs (S,_1. --- 20)

as 1ol i
inpufs, 20|

information inputs (Ion—1s -+

271

A multiplexer can be designed to have m information
puts with m <27 as well as 1 selection inputs

* \.
Mulnplexers allow sharing of resources and reduce the cost |
by reducing the number of wires

N

z-to—l Line MUX .5

2=3

//\j:n .’ZUH)E/{V.

coMYal, ,ﬁpujs
s Smcez 2 L 1

L

TR D2 nn amartals da
Sis A9 Furdamentafs, A

0Tl |,

S |1, |1, | Y
, The single selection || 0 [ 0 |00
variable S has two 0] 0|1 l Y =1,
calues: o | 1]ofo
. §=0selectsinputly || 0 1 1 1
. §=1 selects input I, 1 0 0 0
'+ The equation: o100 Y=l
Y = _5:10 = 511 1 1 0 1
. 1 1
= The circuit: b Ll . .
k Enabling | >=2 &i"é g
i Decoder Circuits ‘
i {>O— } 1
! = ~ 1| 0
T DT
b — ———}j— |
| 1 [ | S

Chapter 3 65
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' r?‘?'::?:?.::_‘_.w_____r:::::m?t o r”s./__ S() ’$ )
! . J1 |
) " Sinced =22 n=2 o0 | o 1,
0
* There are two selection By 1 l\l
Variables (§,5,) and e 1 0 T
they have fo u_r_\ﬁllllcﬁ,wlf 5 s
g o e l ] 3
e SISO =|00|selects inPUt I() \J

° 5180 =|01/selects input

. [
° 5185 = HO selects input|l, fy—s
* 5150 =[11}selects inputIJ__J I, —) doto

* The equation: ' ;1 MUx g

Lagic ang Campipar Cesign Furdamentals, 4u
Ponerfuint® Slidss

© 2002 Pesrsan Sducarcn, Ing

4-to-1-line MUX Cont.

® 2-to-4-line decoder

" 4 2-input AND gates
" 4-input OR gate

2104 Decoder

4 2-input AND Qates
4-input OR gate
s Ty
1 i
|
b —~
, i

Logs ar) Semputer D 0 Furdamentys, 4.,
Pt DLl ™ Efictens
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4

2 tﬂ”ﬁ‘ LMB@ MEX
//’———:N S

Cﬂm
ﬂote the 'y ebl()ns Of T ]
| lshown the multlplexer circuit |
, 1-to-2-line Decodey |
o 2 Enabling CichitS |
. 2-input OR gate |

B Iﬂ ceneral, for an on
o n-to-2"-line decodey

o 2" 2-input AND gate

o One 2"-input OR gate

~t0-1-line multiplexer: \

i B L
o pesian FarAamERE
Ly

B _
3 9’;,)57,5(-. Ir<
ol

fee——
Homework

Chapter 3 66

s [mplement 8-to-1-Line MUX and 64-to-1
MUX:

. How many select lines are needed?

o Decoder size?
. How many 2-input AND gates are needed?
. What is the size of the OR oate?

Scanned by CamScanner
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Multlplexel Wldtll Expansmn

e e "**su-~
| R“"*-v-m-‘-...‘

o . ' _ I
| * Select ¢ \cctms ot blts mslcadof blls ~|

| " Example: 4-to-1-line quad multiplexer

l\'“uc“"m' 7 Cosslgn Furdamentals, ds
Fowerding® g

< OC"‘Fexx (‘: arce, Ine

= Select Vectors of blts” 1nstead of “blts”

o Example. 4-to-1-line quad multiplexer-

2-to-4 Dec_oder

4 2-input AND gates
4 -Input OR oate

Legle and Compartir Dasign Furdamanats, de
M=tomtOir™ Sllefees

Scanned by CamScanner



P = TS :‘ - ‘-'- i, ‘,,135_-‘\77_?\-‘:.” p al] S l O n
7, SeleCl VECOrs of byjygn =
cample: 4-¢ : nsteado[‘“l' . |
, [Exal pic: 4 ()-]-1,,,0 G s D,
1(, l;.’I{[,i[)IL’_\'L)]. Idll)l
1(0] Y (0]
1,{0]
1,[0] |
LKF A . o —f |
, ) 0 D dil
o : i L2 |
11//’}a Qua)(i >y @ ; D, /1[1]*,7'/ %{ i, Y[lﬂ
- \AU Z-to-4 ; -, ‘
I,)is \ Dt‘CodCrD L L _\ \1
L7 /(,_T_ S, . L S
| o ‘
p S Dy —— |
51 0 10[3]:15—') L
11[3]“;}7‘} Y(3)
(3]~

L Desian Furdamenta's, da
o

g

I

s e
D«F”ur;n Ire

T

Multiplexer Width Expansion Cont.

15[3] [ \
Chapter 3 70

:%’Z:—

s Can be thought
of as four 4-to-1
MUXes:

Io[0] —3]

L[0] —
I;[0] —|
L[0] —

4-t0-1
MUX

Y[0]

Io[1] —
L[1] —
L[1] —
L[1] —

4-to-1
MUX

—

Y1)

Sl £ DR
et Duzgn Furddamentals de

b
Ewcalen, Jne

_—
—

S 0 == B i

lo
I
I,
I3

3
3

w

[
[
3

] =
] =
] —

] —

s A G TSR AT

o

>

e

Y[3]

Chapter3 71
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“ f

| Oth@i‘" Selection I{mm@menmmns
(}54)‘/5*1’/ UF-—‘B [0:\_‘ Q:....( _..0__.3 e --.T. IR :"'Tlt‘rt:z:?,\

ézL]W 3{)[)] S'D_“j}\—‘,\ \qu
v’ 7 Three-state loglC -

ORI e

Legc a ﬂ:r-p 2r Dessign Furviamensa's, 42
Fonerfint® Sije

< '\1«7 Pearson :c alon. Irc

Building Large MUXes from Smaller Ones

=Ll

Tobed N () o |

) [ ommoinmemn T —— a1
= 4-to-1 MUX using CF _ , 51 So _ﬁ ;
_ 0 R e |
\»?  three 2-to-1 MUXes - |
. 1o . LS N St
— }l ‘j -L‘ _ J | E \22_ ;
Lo !____1___ I3 1
L Lo J o4 T T :
IB L\
52 Sl SO Y
o [io [ o
= 6-to-1 MUX using — 0 | I}
— 10 i
. /L’X— two 4-to-1 MUXes : Llh
NI 0 |1 '
) ! and one 2-to-1 MUX : Ok ,
0 i . :
' g PR 5 l ........ 113 :
i U | 1 i 0 0 Iy i| 7
—Jle 1 .
o TR T L [io U
S —— I 5 — 5 s
o , Irg g 1 il 0 i)
y—1lo H 1 Xl
1 j; 0 % - =
) S
Lovjic er_l C-.':'!cu!-:r Lmszegn Fi u'*'l.me":.sfs_%
f:“;:ﬂ? 4‘.-51‘-{{:.: il e e (’lmntf*r ? 73
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4 B e |

j jlding Large | ‘
pu 8¢ MUX ¢ from Sy

[ aller Ones
g R
7t MUK ising i e
three 2-to-1 MUXes ") Mux 1 ‘ S So | ¥
] Y 0 A l'.",;';
X RECI N
’-‘“‘FT_! ’ l l,\ i | l) """" T—d
‘:‘*l A\IL“é “\ | ¥
- ~ s, 1 L L
5y
, s y
P 6-t0-1 MUX USing :::i;ﬁ .S('; E-S;)x (:) . T
two 4-t0-1 MUXes Dt [ 0 [io | 1 | L |
and one 2-to-IMUX ~ » 225 ¢ o i1 | o | |
A Iz\’i;& v | : : lf‘_.g 1
L Lo o e
S|1 L |io0 l L_‘_
b i pi 0 X
N 1| oxid
Chapter3 74
-
T : : =

= Build an 8-to-1 MUX using: |
» Two 4-to-1 MUX and one 2-to-1 MUX “

! -y, l/l {L _ .\P}’-ﬁ’ﬂd\;‘?ﬁ;&o
S e m.'gnimn

o One 4-to-1 MUX and multiple 2-to-1 MUXes — @

A° Only 2-to-1 MUXes (How many MUXes are
need?)

|
|
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4 m faner: MuX )
“10o/] B = | ‘
r n_ VQF;quC }' Km b 1’) 2 t

7 t tion
Combmatmn’llto?lf Implemen o
- Multiplexer A Appl OﬂCh 1 TP N

— e B N
" b les with: Y

8 Il’llplement m functlons ot n v
* Sum-of-minterms expressions ﬁ
° An m-wide 2"-to-1-line multiple

" Design:
* Find the truth table for the functions

° In the order they appear in the truth table: |

) the multiplexer sp/7,
= Apply the function IizﬂilLLﬂlﬂ)l‘l-tO P _@ |

inputs S, _,, Y ) f

= Label the outputs of the multiplexer with the outpy
variables S

° Value-fix the 1nf01mat10n mplltS to the mU1tlpleXer
using the values from the truth table (for don’t

cares, apply either 0 or 1)

Leg Cu-p.rDlFr:
Pomerroits Sy, S Furdsmentas, 4

2004 Fearson £ r:.:a.!'ﬂlr

xer

Chapter 3 761

Examplel

= Implement the following function using a single MUX
based on Approachl : F(x,y,z) = %m(0,5,7) IRAT RN

—~——— Mafy .. pesy

= Solution:

» Single function > m =1 0
¢ 3 variables 2 n=3 2 8-to-1 MUX
 Fill the truth table of F

Rinputs Ny

0—>| T ouj—PL{,{’ &
0—>|Ta P )
0—>(18- to-ld
00— MUX
1—>s
0—>3¢

1—15, 5 3,
[T

Xy z

— ||| || |O|r

e,
F
1
[0 |
0
0
0
1
0
1

Loz !/Jf' ﬁp (r =ign Furdamenty's, dw
F’- wrPojt ™ li

M3 Prarvrn Ecucal 2a o ) Chapter 3 77
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! = »\\"\\\\.\\ = o
prample2: Grgy o B
l /:d «.::::::x,_:rxmm% lnary Code
¢ DESIN A CITCUL ) g5, S0 s
GOllVert c 3‘b1t Gl‘ay ;/\9(2){ Gr“A)' Code | Binary Code
_ s @A BC XYZ
code to a blllary code R_J; O o0 000
05¢
. A
, The formulation gjye 2 N ~ (o1
) \- 9 1 a10
the tlllth table on the 2 010 a11
1‘ight 6 110 100
+ 111 101
> 101 110
Y 100 111
=it

g D8I Fursdamenta's, 43
anget O
7

Ep
fon, InS
r B2

Chapter3 78

Gray to Binary Code Cont.

—=

+ Rearrange the table so

' Functions Y and Z can
using a dual 8-to-1-line

* placing Y
outputs

values to the inputs

* connecting their respective

that the input

combinations are in counting order

1 Itis obvious from this table tha&X =A.\
However, Y and Z are more complex

' Two functions (Y and Z) 2 m=2
' 3variables (A, B, and C) > n=3

be implemented
multiplexer by:

* connecting A, B, and C to the

multiplexer select inputs o
and Z on the two multiplexer

———

¢ruth table

e

Gray Code | Binary Code
ABC XYZ
000 000
001 001
010 011
011 010
100 111
101 110
110 100
111 101

Chapter3 79

A
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| | i |
D U S o

~1,
I B
32? S ) s
A B¢
o | 0_ -
Giras Cocle =7
A B N x oy 7 Lt
O 0.0 o ( 0 0 0
0 O | 0 0 1
2 G i 0 0 L
3 0 ‘ l 0 0
L| l 0 h | L
5 ) 0 l | | 0
gt | [ L 0.0
A N R

smie...
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No.

i rX(aac)—i (4,5, .6,7)

o WL“\(ARC) < (2,3 4.5)
Z(/-)Qc §‘mk\2q7)
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Gray to Binary Code Cont.

—— ——y ey

2.5 ]

'+ Rearrange the table so that the input Gray Code | Binary Code
[ combinations are in'counting order

; ABC XYZ
1+ Itis obvious from this table tha&X =A.\

- However, Y and Z are more complex
Two functions (Y and Z) 2 m =2
3variables (A, B, and C) 2> n=3

000 000

001 001
010 011

& o
-

0
\
pA
2 011 010
Functions Y and Z can be implemented Y4 100 111
using a dual 8-to-1-line multiplexer by: 5 101 \ 110
* connecting A, B, and C to the 4
=

|

\

\

\

\

1

multiplexer select inputs = | 100 W
‘\

* placing Y and Z on the two multiplexer

b o
outputs

* connecting their respective truth table
Values to the inputs

| ety
I By I T ana g 1
'

T
Ml (g
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Gr ay to Bmary Cﬂde C@m

Mﬂ”““““ —
L palb ¥
wputs N (Y e ..
OLlJ‘p“Td\f 2 .
bid Ne = 0,0 7 -
0,1 ”- "
1,1 ]
10 Dual Y7
1’1 8-to-1
10 MUX
0,0
0,1
’ S, S; Sy
J\w,\_><_‘; (?LL ’)./_ i
Mot 3‘9”'f1 cant -
ay, Lo\ QA)E)\ \9,%{,&, aliem
[ OM.&»-‘SI QJ’;oQ}/ ’/f A B C |
tb)o,-» WMJZ'L)’ | X
P T FumSEns i , Chapter 3

< 2603 Fearson Scuczlion, Inc

Combinational Logic Implementation
- Multlplexer Approach 2

M
> = Implement any m functions of » variables by using:

An m-wide 2(*-D-to-1-line multiplexer aLaa)) Mz
[ A single inverter if needed Qe5Y) g +
= Design:

 Find the truth table for the functions

« Based on the values of the most snonlﬁcant (n-1) variables,
separate the truth table rows into pairs

* For ea.Ch..]L_a_lr__a"d OUtPUt:(lffﬁmﬁllmentary function of the

° Connect the most sngmﬂcant (n I) variabl

the MUX, value-fix the information i
nputs t i
with the corresponding rudimentary fy y  ShE it plexes

. nctions
° Use thejinverter to generate the rudimentary function X

es' to the select lines of

Logc and Comp it Cuaign Furdamertals, 46
vt .
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\
“Mostsgip'p. R
Examplel O e i P
: .),\Z?t&’o/-{p}b/\d <5 b s Z: 15\ ple ) ¥
S9Mifan 1m0 -5 ot £ Y |6
e o _ ;2“'»-“.*-%-* 3
= Implement the following ¢ alBlc|D|F
a single MU unction usin
4 X and an mverter (if needed)y H—|— AR S L
based on Approach) . o | o loi| 1|1
F(A,B,C,D) = Z (13 o o i I
e ) ;4‘; 10 1 i i F=
. m ) 13, 14, 15)‘ ' () ___Q_______l_n 1 1
= Solution: G L T O O S >
° Single function > m=1 , =% > ot gy 110
4 var: 7 T o |0
* 4 variables > n=4 - §.t0-] MUX oLl o F=0
* Fill the truth tableof F~ ~ — :-l---:---_(-)---j---;)-. o | o
. M : F=0
D —s sl Sg L\ bl o [ 0! 1 0
v > % 0T o |1
least ' T 5 o | Lo | F7°
291 F e 0—>=8-to-1 | _ o o e g e
Var G\JD l 0 —91“MUX é ; T F=D
‘ ‘ - BN
s (ECTrT, e B
pis T | o |1
1——>LI}€,L ‘5\‘{, Y{\ Ll | l% l " F=1
e, T Pl
: /f; .,;,-',::.'U/v"r Fartnrsndiin, A% A B C \ Chﬂp[(‘;[" 3 82
el = ;@Wﬁtﬁ?ﬁ ara e =) [TV WOV AWAC S S vy A
B gl <: L= 0 G502 3 V)\p n L t;;%‘r,; 4y lé‘.“,x:\{
° L e ils Godds
et
Example2: Gray to Binary Code <%
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L) mdso) o, MUY mos Sigle inverpr X 7

m f""\‘&b'_ons m= 1 i
N VMariables n= 4 .

n-A

M-bit 9 —4o-A  MUX

> E}(omp e A

—~— T _ o '
- D = Xy M_W.f{_p.alﬂ/_[} = ,,,.,.-_x_. e
SRS tF l%t, E 94)7._ JJ_\_A _L@ : S
\ ol v, N
I (w] :a \
- L—%———Té c(7
: T =
AW ENS ' \
4 OP: Lo
A B C O — | Iz L\ ‘:
. , . O —I3g v
mVW O\ / =l ) M ‘l’: \
Ugealod d23) 200 jl— \
: ’ 1o
WA 4o & !

smje...
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ExampleZ: ‘Gra

 —
Gra i ; i Rudimentary |
e, amc ™| P cote | oot | Functons of
o forY for Z
TO 000 000
L 001 001 Y=0 Z=C
> 01D 011 -
\ [3 011 010 re=d z=C
410 i -
[5 101 110 =1 Z=TC
[ 5 {110 100
7 1 101 r=0 Z=C

R S IR = T &

y to Bmary Code “» &

bec? u}‘

Scanned by CamScanner



Gray to Bmary Code Cont
M

=S S

" Assign the variables amil functlonS to the multiplexer
input o-ps IO
p l S. Dl %) (),,p (0|

3 ]

c C 0,0,C—++
3 g

0,LC Dual H—F—E;Y
LLc 4-to-1 “
\/0,C NIUX

SIV

N

A B

s Note that Approach? reduces the cost by almost hal
compared to Approachl

Legcard Ca,-p.:er Co4igr Fundamentas, 4a
Fomerfuint® Slide : Chapter 3
© 2002 Pearson r:.r Lon. e

u),()w\’) Scl&d d]/_S‘

AT I W S 8 CAL

Demulﬁplexer (DMUX)

e
e s e et

i e e

= Opposite of multlplexer
= Receives one input and directs it to one from 2" outputs

based on n-select lines S [ 0

1

= Example: 1-to-2 DMUX 0 0 0

- ) 0 1 0

[ —> ]-’[0—2 QO QO = SI 1 0 0
DMUX — ¢, Q1 =SI 1

1 1

[

s DMUX = Decoder with Enable

Ju.rrf Oezign Fundamerntes, 42
<

2008 Fearvar Fauczlon ke

Chapter 3

Scanned by CamScanner



(-to-4 DMUY

AT Ty e
SNSRI

Nm;m S I e
o
L

D B

e Qo =51 S0l e T
e Q1 = S1So] S1 8o |05 |02 |Q1 | Qo
yom 0| 0 0 0 0 I
I ZZSISOI 0| 1 0 0 1 0
= (3 = 51501 1lofo|1|o]o0
[ 1] 1 1 0 0 0
| 1-to-4 _gf
™ pmUX ¢, -
T
S ~
0 L’ ‘ “__\
T o e
e

—_QO L

So| 2-to-4 0, —W—‘H—D_ Q2

Decoder Q; -
Si | Q3 Y L'*\»

) | / Q3

STPer Desian Fundamantas, 45
;Sﬁizzr[.‘c:k.gx,!:mi.m?rza‘ rE - . I Chﬂpter 3 86

W Etucation, tne,
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E:u.ﬁ_dl:ﬁ. g Chap[er 4 3

Iterative Combinational Circuits
jomnvance M
s 'Arithmetic functions

° Operate on binary vectors

 Use the same sub-function in each bit position

= Can design functional block for the sub-function

and repeat to obtain functional block for overall
function

s Cell: sub-function block

" fterative array: array of interconnected cells

O Cenm ar s
o _L“'“ Cugign Furdansentats, de
e Chapter 4 t

xr TCUcation, e ——— ) l e B

Nr— -
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- e
MUDigN Tles ~e d 3us)t o2 fan Meﬁiﬁw Array

Block Diagram of a
B v
I A -A_B T e A R A1 B; AD 0
n-19n-1 l l i l
. ) SR e
X1 P 1 Y Cell0 T4
¢n< : Celln-1 | Y, . e ¢ Y2 , ce . Y
SR : l
Y
Cl C1 o
n-1

= Example: n =32
* Number of inputs =32*2 + 1 + 1 =66

* Truth table rows = 2%

* Equations with up to 66 input variables
* Equations with huge number of terms

* Design impractical!

Iterative array takes advantage of the regularity to make design feasible

Logic ard C""FL r Design Furdzmentals, 4a
Chapter4 5

Fow Er‘r‘"l ril” Slide
2 2004 Fear rlf catca, Inc

Functional Blocks: Addition

= Binary addition used frequently

g Add1 fgn Develo}pgqnent
DU, Half Adder (HA) a 2-mput bit-wise addition
functional block
° full-Adder (FA): a 3-input bit-wise addition

functional block
° Ripple Carry Adder: ap iterative array to

perform vector bina ary addition

Scanned by CamScanner



| F‘uncﬁ@m al Block: Half-A qger

N ——
P r—r—.
e R S e i g e

:‘___V-- - “"“'*’?M

=y B A s e
— AT p

iﬁg.inp“‘* 1=bit width binary adqe; th

at performs the following

S N N
B G S R

\ /\? 9 )ii%""))‘o ku -
AN Nalt N &=

. A half adder adds two bits to produce a two-bit sum
- Carry oué > sun

. The sum s expressed as a Xvlc s
g bit (S) and a carry bit (C) I

. The half adder can be specified 0 1[0 1
a5 a truth table for Sand C = 1 0|0 1
1 1] 1 0

(v) Chapter4 7

Logic Simplification and Implementation:
Half-Adder

- ‘\“ ‘VgDWo-u & o J
'+ The K-Map for S, C is: %sl—% Y Y
| X 0 11 0 1

| S=X-Y+X Y=XO®Y
‘;: C=X'Y

;ji' The most common half adder implementation is:
A '\Y\

12 3 X 2 13

D
| Y

Chanterd 8
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DR e ok W LT

?—b:vsq;>\J'; half ) ~e PH 5/—3% L n»{)w}_g’gg_ﬂbu‘_{\\\
(;qfvb W(;L_Sf‘?)\j?uu)\ O b —— — }»_)

Functional Block: Full-Adder

MY TRBARARANTN, .5, "
e et e B Yo,
g PO
i o

| N

> S
: a_carry-in bit from
® A full adder is similar to a half ac'i'der, but mduiii bit (S) and a carry
lower stages. Like the half-adder, it computes a:

bit (C)
7, 0 0 0 0
* For a carry-in (Z) of X 0 0 1 1 |
0, it is the same as +Y +0 +1 +0 +1
the half-adder: cs 00 01 01 1¢
* Fora carry- in 7 1 1 1 1
(Z) of 1: _ X 0 0 1 1
u L tY 0 41 40 4+
T 01 10 10 11
| ca(‘fg “D CS et
S I S E Py - Chapierd 9
Logic Optimization: Full-Adder
= Full-Adder Truth Table: | | XYzlc s
_ = Full-Adder K-Map: 00010 0
=\ ' = YOR 0 0 1] 0 1
1y s ?\Oo{d-f‘tﬂ%{h‘m X 01 0| o0 1
01 1|1 o0
0 11 3 12 1 oofo 1
4 5| 4] 6 I 1. 01 o0
7 11 1|1 1
o0 L1060 o w
S=XYZ+XYZ+XYZ+xyz
5..—0-75: 63)1/\&(; 2iNputs \;’/pkrAq
= The S function is the three-bit
c S=X®roz o 1o (Odd Function)

® The Carry bit C s | if both X
islanda carry-in (Z) occuyrs,
—2 ¢ ( =XV 4 (Xoy)z

: C eI Funidamentale g
Pty Slidsy
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S Sl ‘ Chapter4 11
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’ Binary Adders

;:\NL&\«;@&N; AR *\\“\N‘\\\“T\“"““vg\‘m

= To add mul
together into v

ectors
on the vectors

= Example: 4-pj; ripple cariy
adder adds input vectors
A(3:0) and B(3:0) to get
a sum vector S(3:0)

>
= Note: carry-out of celi ;

ple Operands, we “bundle” logical signals
and use functional blocks that operate

becomes carry-in of celi i + 7

%U. ({

A lder

Description |Subscript | Name
3210 .
Carry In 0110 | C, -
Augend 10{1{1 A
. |Addenda 00li)t | B
Sum . 1110 S,
Carry out 0011 Ci.

Chapter 4

——

S

12

e —
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der made [rom, four 1-bit Fy]

= A four-bit Ripple Carry Adde

Adders:
B A
83 A3 82 A2 B1 A‘ 0 0
R A 0 A B
, ! ~ C ‘j/l A
N FAy [« Cz FA| | FAy——0C,
3
L] | l 1
C S, Sy . S
. ) > N B
*< qurj o wh oLﬁ C e D
'S fAC Cc.rt'3 N Of Ce {!L'*‘l' CarrjoL/ Ca/‘l\J-‘n
Coud FA &= Con

Logic and Compuizr Design Fundamentals, 42

PoserPoint® Slides g ;
"Ocerx%l;‘caLnln S ‘A \ \ﬂ} d_,_.‘/r—ra._gl' * Ch’]pt%

=y mwﬂ/o\y\\, it "1 piFs

= ;s £ {3

_
|

ZPn

Vel Ploy =i b VLo PsL 3
Homework =

) )5\)(_‘9) woﬁéa_ﬁ ﬁ%md\&@&jgﬁ/};%
“,m'lzgzﬁﬂln&r' =F ;/\O,_, ‘V\Dé, e

e ae - |

= Design a_4-bit ripple-carry adder using
A B

/\>"\' OR—%Q/“P A B\

HA’s ont
)

Poermainl’

22003 Fea

A G, +(A\@)B. ).C,

Lope erdd Compater Design Furdamentals, 4a

: |
* Slidess
rean Educaticn Inc. Chﬂpter 4 l4
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Unsigned Nll)lrdui""

« When we SUNTRT one i

tom
another, |
and Horgon y )

P R — ‘
deficrence biy (D) Vo bils are produced:

bit (1) -
X 0 0 ' 0 0, 0,

BD 00 & 1 01 00

X
\5*

1£ no end borrow occurs, then M = N and the result is a non-negative
number and correct
———

. Ve B
. B Al
* Algorithm: = P

«  Subtract the subtrahend (N) from the minuend (M)

°

» 1{ an end borrow occurs, then N > M and the difference (M = N+ 2") is
subtracted from 2% and a minus sign is appended to the resull 7=
N I3
1 as
- [ ‘
! Malh 4+ 2 = 0-14 2= 'l

~ aprtala S 1
N Compuates Design Fundameians o

=ini (‘lmp_lcrﬂ IN -

L K L &/ I V= U 1y A
)= 12} 2 41

B R ) i
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.~/>,

.o ‘?B/L:l U'fJ. 0
Unsigned Subtraction e+~ g w2
birw obo pb IV P o s x
g Examp]eg; MV M g
4 —%—\1-2“ 13
0 1 1
1001 ;‘ 0100 #u 10011 10010110 01100100
_g_]_]l — 0111 »7( — 11110 —01100100 —10010110
0010 e & 10101 00110010 11001110
gy
bf\ f)” 10000 100000 100000000
- 1101 — 10101 — 11001110
(<) 0011  |-) 01011 (=) 00110010
| bes Bk
1 N
| ' »
r',{"fr AWty A Chapter4 {6 N

-

Chapter4 15

—— ’J’/Ufa”nﬁléb_?f Y

n p ﬂ\‘
9 - (M-NMN417 )
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1

— -y

g ( 3ub tracs / 0 dd) =1 ¢

e T
_

Unsigned Subtraction (continued)

E

requires:

¢ Addition and Subtraction are
n_parallel and

Subtract/Add¢hooses
between them

= Quite complex!

= Goal: Shared simpler
logic for both addition
and subtraction

= Introduce complements
as an approach

Logic ang Comiputer Design Furdaementals, da
Ryial,

FonerPoint? Slides

52003 Faarson Ecuealien, Inc,

= The subtraction, 27 — D, is taking the 2’s complement of D
" To do both unsigned addition and unsigned subtraction

A B
1
rlr r y y V{VW YYYY
Binary adder Seliiel Binary subtractor
/+
s 'y Z __ YYYVY.
e S O s
N - Selective
Complement 2's complementer
. AR \ ;
SubtractAdd 0 1
\CL s Quadruple 2-tg-1
multiplexer
YV
Resnit
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[(: 2003 Fearson Ecucaticn. Inc. \\

Complements

| Diminished Radix Complement ”
= Famously known as/(# —=1)’s Comvle’”e”t
= Examples:
* 1’s complement for radix 2
« 9’s complement for radix 10

= For a number (N) with n-digits, the diminished radix complement iS defineg N

\_\_)
ono_ G)-‘S'

° Radix Congplemenf
= Famously known a$ r’s complemént for radix r
Examples: )
* 2’°s complement in binary
¢ 10’s complement in decimal
= For a number (N) with n- digits, r’s com
—Z° r "~ N, when N#0
T—‘=7 * 0, when N =)

plement is defined as:

sign Fury *lam t{‘sw 4

—  f‘]mnfﬁ[4 ]"f
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¢ IfNis a number of . ~digits e e e

o N+ (@ —1)s Complem With radix (1), then ) GM 4
ent ofN:(r—l)(r—l)(r—l) (r—1)
s J
o The (r— n-agits

1)’s con;
vlemes
¢ i can be computed by subtracting each digit from

>+ REpIC. Elﬂ@wwp_l&mg%t of (1011),
©1=2,0=4 —s the number o dligiLs o\
« Answer is (24—1)W> sl 2 Dicr'\ﬁ(v&\

: : NOtlcethat(10ll)z+(0100)2—(1111)2whichls(2-1)(2-1)(2-1)(2-1)
lrcime (o J
—C>(= Example: Find 9’s complement of (45)10 4-d{gits

r=10,n=2 x Nt (ra)s cemplcme/lfof N
« Answeris (10°=1)—(45),, =(54),0
« Notice that (45),y+ (54);0 = (99),p which is (10 — 1)‘(10 -,
. ' £(671) 2-digits n-tmeg
5 = Example: F1nd7<§complemeﬂt0 (671)g Q;‘\\)‘;a\?ﬂ)& s+ (54) = (4a) .

= Lo G i) Epal-= - -

. |

« r=8,n=3 ")’;\ V:; Y .
. A 8 — 1)~ (671); = (106); g
. NI;:ZZrﬂl;t((67l)g+(106)g—(777)3“1“011 is(8-1)(8-1)(8-1) N340 5 é)
[ 3-digits
"2 G 1 saln 4 Q?? _@7- ) g \5 s cgﬂPlE’/neM Qﬁ M ﬁc\s 2,4(7])
o mipatee Dasige Furdamsni Chapter 4 16

it Slicie
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— Chapter 4 19

Binary 14 Complement

o Forr:Q.N:

01110011,,n=8 (8 digits):
n__ P

_ (r | 1)=256-1=255 or 11111111,

'~ The 1's complement of 01110011, is then: ¢3¢0 %

%5 o¥s I
i crh sV

— 01110011<_ css-t L o
10001100 mkmc/ﬁ/ j} Binary <
binas)\ />
ince the 20— 1 factor consists of all 1's and since
—0=1and 1 —1 =0, the one's complement is
obtained by complementing each individual bif

(bitwise NOT)

=

=N
-

M
3
I

1)

x Citrrdcamepdinks Jo
¥ Furelaoieriz’s S
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= Example: I‘md‘ 10’s|complement of (92)0

_ B—
S S,

Radix Complement =

o X‘, N =" -
i s 1ent of
7+ 1IN0, I's complement o Z= L)
" r's complement = (r-1)’s complenien
+ IfN=0, r’s r’s comp slement of N=10

*r=10,n=2 "
—>+ Answeris 102-(92),, =(8)p GG ~q L =¢%
_=* Notice that 9’s complement of (92),41s (7)o
: .l
ng 42» 10’s complement = 9’s complement + 1~

= Example: Find|16’s\complement of (3AE7 |5

*r=16,n=4 -
* Answeris 16*— (3AE7),, = (10000),, — (3AE7),5 = (C519)6
* 15’s complement = (C518),, > 16’s complement = (C518),s+ 1 =(C519),,

EEFF .
34E7-C5|%+l L

Logie and Cu';\n.‘r[: sslign Fundamaenta's, de

Ft.\-.rrﬂolnl Slidos ChHIF Chapter4 2]

10 2008 Pearson Ecucatien, Inc A

)

-—\__
C 520

Binary 2's Complement

" Forr=2,N=01110011,n=8 (8 dl"lts) we hwe
* (") =256, or 100000000,

“ The 2's complement 00111001 I}is then:

100000000

— 01110011
10001101

®  Note the result is the 1's com

iplement plys 1 act that ¢ > use
in designing hardware o e be e

®  Remember the 2 compleme

ntof (000).. 00),is (00o., 00),

" Complement of a complement
value:

restores the numpey 4, its original

T /I(’ Cn/uplenwnt of complenent \ = o _ (20

- J A< < \\\_J
L oepie vl Cemputer Dy N Furdaag M }} /\l()rj\ NOT [t‘;_k.g 'A‘

,"'QF?)\?EINIX”\ &\ Jk (S)J’ N VY
\\

- P el \p/‘ \\ fx‘ Mincatae A 77
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/\___M;_ﬁ | )509‘\ |

Alternate 95
€2’ Complement Method ‘% \

-blt bmary number begmnm% at the least
e bit ang proceeding upWaYd
OPY all least significant 0’s

: w

Wo\lg.+«éﬂ5 bt

* Copy the first 1 %&H\W@W A
° Complement all bits thereafter vEAS
L
= 2’s Complement Example: 0\ VO & 3. 00
10010100 C{%M@_ & $Pls 3
» Copy underlined bits: F
100
o and complement bits to .the left:
01101100

Chapter4 23

a' e
oA e e Psslen Fundamentals, 42

Scanned by CamScanner



Subtractigp With 2°s Complement

-

E -Ads: .‘ '.‘ S— oS S p— . '.
b;’:ellz:dlglt, Mgnid numbers M _and N, find M — N in

~° Add the 21 com

plement of the subtrahend N to the
minuend M- s

Carfly
-y
T MoN ey M@ Ny =MoN2 B
| \) ne ensl caffj / M oM
. " IEM >N, the sum

produces end carry 2" which is discarded; ,. .
and from above, M — N remains

2’\— (/\'*\ - N -,42\”/ = M_y
= If M <N, the sum does not produce end carry, and from |

above, is equal to 20 — (N — M) which is the 2's complement = |
of (N - M) \

“ To obtain the result — (N — M) , take the 2's complement of \
the sum and place a “~ to its left |

Scanned by CamScanner




'Dul/—» Do\ J\q\ﬂ u;» ()L"O\&lg(ﬁ-r\\\—jbh ‘dp \\_...

Logic dc ompater Daalgn Fundamentals, 42

FanorPolr
© 2004 Pea

Unsigned 2°s Complement Subtraction Example:
(M > N)

£ ey N T

= Find 01010100, — 010000] 1

P —
S ~ITmy

01010100 101010100 -> & b.
— 01000011 2’s comp +10111101~> 8- by,
wwﬂ”;@m0010001 e 300

v ijL Pf”“’-“) ‘“"“’
= The carry of 1 indicates that no correction of

the result is required

(‘ > 9 Q/LCV

DJ\ oo ol 2o AT

vk "’ Chapter4 25]

n Ecucalen, Inc.

Unsigned 2°s Complement Subtraction Example: |
(M < N) |

- Flnd 01000011, — 01010100

01000011 001000011 - 2-bir

— 81010100 5 ;o +10101100 - 8->

crrect

€Y Wsnok o Carry o o, 8b.|s‘ ~11101111 2% comp

IJ vl
i r
9oar

7 Swﬂp AleT

00010001

s The carry of 0 indicates that a correction of
the result 1s required

E Resuh =—(000610001)

C'“; 1 Dagigr Furdament:

| ll
L fe i Chapter 4 26
(Chapter® ~7
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(Z‘
) — M\ \/\ MOP)(' QC Y Sy.) 00{/({:0” I_o

/ N\ /kﬁs 22 -~ ES -
2’s Complemept A iractor for |

Adder/Subtractor for

> \Umberg
. (,”]}{]au‘ll)u can b(’ d();ieml . : T T T T T T T T T S ~ ——s]
h
. Compleme v addm"” "f ﬂié’ 2% Comp!wnent X @ O =X
' piement each bit (I's Compleme nt) U
2. Add 1 to the regyly o 3
The circuit shown COmputeb A+Band A — B XOA=X
. 2°
The 2°s complunmt of B is formed by using XORs to form the 1's complement and
adding the 1 applied to C, “leat (//Q 0\3

« 1fCy=1 (A =B): correct result A8 AeBe | \ Q
« HC;=0(A <B): result=2"—(B - A) @‘Bj b Subtrach,dlo

® Use 2's complement logicOR 5, A, B: Ay By Ay Bo Ao

= Use Adder/Subtractor again with: | l ‘
« A=0 ' - - ' §
B=2—(B-4) '
* Add(S=0):A+B.
» B is passed through unchanged | | |
[T DULCHE Rt DT A B FA
0
ol | | |
Cs s S: S

~Hu-;\a:r Dusign Fundamentais, 4

Chapter4 27

dtion
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Signed Integersg

R N Ty
B (5T ———
WS aTTmyr ey
Ry * SRR e

, ) X : ' ‘Jlm‘l’!?!';‘.’.‘-!l“‘l—"._ﬁ’:’ﬂ'.?"—"Z.'T.ﬂf'T"
Positive nunhe

2 T TR I U AT R R T L s SR T S M R S i O TSN S SR L e
IS and zero can be represented by unsigned

n-digit, radiv r number

e 5. We need a representation for
nEgAVe numbers

= ‘To represent a sijo i
N fplbbbn.l a sign (+ or —) we need cxactly onc more bit
9 mtormation (1 binary digit gives 2! = 2 ¢lements which
1s exactly what is needed).
® Since computers use binary numbers, by convention, e
niost significant bit is interpreted as a sign bit:

g N '
(-/ K‘f)@l’%y\ 8 an__z °se azalao
where: |

s = () for Poesitive numbers

s =1 for Negative numbers
and a, = 0 or 1 represent the magnitude in some form

FRasign Furdamsrdels, 42 -
08 S, an Fursdamsrdals, 4 C haptv:'.f 4
(] S

Kany R
2 Cemp

J
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2's gomp'@ﬂ?@/”' - 13‘ C‘L‘LLO( -2+ U +@F L,—gg"——x

b e
Signed Integer Representa’tmns

m Signed-Magnitude: here the (n — 1) digits are interpreted as a positjye

magnitude 1044 0 p_@_&
« Max=+(2"'-1) Uz % 3

« Min= — (21— 1)
—>+ Two representation for zero (i.e. £ 0)

= Signed-Complement: here the digits are interpreted as the rest of the
complement of the number. There are two possibilities here:

« Signed1's Complement: Uses 1's Complement Anthmetlc

= Max=+(2%!-1) n-bir +( 2 I} w7 (OHI/
A * Min= —-(2™'-1) Y-pi - N
e —> = Two representation for zero (i.e. + 0) -(2 - I} -1 Q‘)\ Y\)
i s &=< Signed 2's Complement: Uses 2's Complement Arithmetic
. )\ ) B .
#erQ * Max=+(2"'-1) . 3 A's con”p €/n et
u n= n-1 'ﬁ'
Ran9S Min= =-2%! . - o ol 00
o ( - ) n-' = Single representation for’ze)ro Gm,m‘i, j e
=f (1 -\, PN f
::”’:-grf r;:d—\c'ﬁs—[ﬁnir Design Fundamentals, 42 | 6 10 O JJ 0 “
lob:"g:e ;:e'ls.'sor‘:‘;.sc.‘.:cab:n, Inc. - / 9“* . ) 'fLﬂ _ q Chapter4 29
E=17

Signed Integer Represe/ntation Example

= r=2,n=3 Number Signed-Magnitvude 1’s Complement | 2’s Complement

.94—0/)/{{1 Nn ?CMPIEI)M/Z/' +3 a@ll 011 011
@2 7 +2 010 010 010
Al +1 001 001 001
Rl 21 { = +0 | 000 000 000
al [ 100 11
-l { 101 110 111
L | 10 - 101 110

3 L i 100 "o

2, [ 100’

—

= Represent the number -9 using 8-bits %‘Q M@QJ'IW =

- Sign-Magnitude ={10001001 ™~ 0000 160
= 1’s complement =|1]1110110_
« 2’s complement = \q}
D 2008 Fesreon Education, e, .3 ?@ >y Chapter 4 30
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(/f:,_ /l:f":rl—m:m_m%t
g Sl “’d 2 LOmplchnt is th(} N T ST R
for Ql"ﬂCd numbers 108t common representation

. Focus of the course

. For any n-bit 2°s complemen,

: signed num
. b,b;by), the decimal valye ig giv ber (b,.,b,2bn3

given by
n=2

« Example: What is value of the 2’ complement number
(100111)2? ‘
Value = -2°x1+7 = -25

_\'1) ‘L 'lc
/gg 1\: :-3’21‘-l—+2+l:@

et Dasign Fundsmentals, 4

corpter D2 |
o Chapter 4 31 J

rxa'«,:n ecucalicn, Inc

r

Slgned -2’8 Complement Arlthmetlc

v Addition: o
"« Add the numbers including the sign bits
« Discard the carry out of the sign bits

* Subtraction:
« Form the complement of the n

« Follow the same Y ules for a(}_dltu;x;
= B +
. A—B=A+(-B)=ATL )
L,_)@ ‘B)

umber you are subtracting
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|
Loge ard Computar Desian

c fer Design Fundamena's e
Poun mrfialal? Sra.. ? it

Slgned 29s Co mpl emem Addltmn

7);_———4‘ —

- ~-gmepa s

(+6) 00000110 (-6) 11111010

+ + +

(+13) 00001101 (+13) 00001101
00010011 (+19) !00000111 (+7)

Carry-out is ignored

(+6) 00000110 (-6) 11111010

& + ,l|(_om‘, + ==

(-13) 111100117 (-13) 11110011
11111001 (-7) 111101101 (-19)

AN

Carry-out is ignored

Logic and Ce r-pu' Design Furdamentals, 42
FoserfPoint™ Shde

]
D 20CAa Fasrean £ m.«:’ cn, Inc. Chapter4 33 ’:

Signed 2’s Complement Subtraction

(+6) 00000110 | (6) 11111010
- -+ +
(+13) 11110011 (+13) 11110011
1111001 7 -
i (-7) 111101101 (-19)
23c ,QE/CUW@ \
0000114 Carry-out is ignored
o 5
(+6) 00000110 (-6) 11111010
+
-~ <

(-13) 00001101 -13) 00001101

00010011 (+19) !00000111 (+7)

Carry-out is ignored
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F

/25 COmPlem ent Adder/Subtractor for
signed Numbers

e e
/ b d P =S a— — ——
e r iyl C4T1 72 AONe Py L’M’i[’/ 7 "
(pr= - liom of the 2's Complenens : .
e rroiernent exch B (1's Cormplernsns < 2 ped | Sizmrne,
L. e e e R S SR %3 V= T EIED
| . e4f 1w faeresol 1
&= i L
. it SHOWT COMPULES A+ Band A - B: —P= =
e ’/" -——4——"/ -
~ __ 1 ” o -
s ::;.:L"'""—(-‘f” )y A-B=AS(F-B)=A<E+]
- ~? B el € P 15 frorrra g - - =
, Tre 2's comnplement OF B 13 formed by wing X0OPs 1 form e 17s complament 228
g tre | applied o € =
< L+ B z %3 = = =, L.
| (S=0pATE e T
, 5y prssed tarougn unchanged ! { _
bl I
' ) i 1 4 {
] | | | L] |
.o == j Pt i —— = |
, <ame Hardware for Sizned U 5 U | ) i U 3
nd Unsigned numbers [ [ | | | |
— Y ¥ v v L4 A y ¥ i~
G Bl = c , =
2 Fr Fr fe— FA
l ’. | l |
Ce Z = < =
1, gt LA gt An o
’/}::’/” ) Chzpier= 33
r-,,(,-f 185387 Y—f;____‘
: its is fixed
+ In computers, the number of bits 15 fix
to contain the result from an

¢ Overflow occurs if n+ | bits are required ¢
n-bit addition or subtraction Fa ik

ed from the end carry-out when

1000
leo0o

cally W
ov=4

OV=C,

* Unsigned number overflow s detect
adding two unsigned numbers .

. Overflow is impossible for unsigne
-

& 1000
{ '{_

(12)

u/l
; -
d subtraction

1100
[(1p100 (4)

—
l,‘;’i’fy-nm-, ] = Overflow |
" — e
' Signed number overfTow can .
. ands Wi
* Addition of two opcr.mds

1y different signs
* Subtraction of operands yith differE2====

ccur for:
h the same sign

Chapter4 30

Sign o/

Scanned by CamScanne‘r
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Foweroi

Lagic and Cemputer Design Furdamentals, e
nt? Slides
2 2008 Pearsor: Ecucalien, Inc, Al 1 200\ Chapter 4
) = v | S ;

Signed-number Overflow Detection

Lam s b 3 P i v T 2T A e e ot

= Signed number cases with carries C, and C,_; shown for correct

re51(1)1t signs: Dedtion ¢ 1 @?)
20 11 1y oV ¢y
0 1 1 O L1 0
+0 -1 -0 +1
0 0 10 13
= Signed number cases with carries shown for erroneous result signs
(indicating overflow): ( :D
[ O
01 01 10 10 I o 23 (8)
0 0 1 1 [\oooo
+0 -1 -0 +1 o ¥
1 1 0 0 1l (8

w Simplest way to implement signed overflow isoV=C, ® C, _,

ov—(— | o

Ca

(&
n-bit Adder/Subtractor

UV

-\
5}1{,’\/ d- bl
~ =,¥(+70) 01000110 (70) 10111010
+ o+ + o+
=>40(+80) 01010000 (-80) 10110000
ov dee 10010110 (-106) ['5*4<3zs 101101010 (+106)

OV = 4 Tase))

Slgned number Overflow Examples
= » O b &0255"" U l

¢ = 8-bit signed number r etween: -128 to +127

(+70) 01000110 (-70) 10111010

u.| {1}“)_

o\
=+ —j:;"}?‘e—’:l +
(-80) 01010000 ~ | (+80) 10110000
10010110 (-106) 101101010 (+106)

V=C®C =100 =1 V=CBC=0p1=1|
Lespe e Computer Dezvn Furdamenita's, de 30
Ly 49 av ¢l _ Chapterd

70 = pugacbop el
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o\
Multlphcatmn/Dmsmn by2% )

. Multlpllcatlon by 2 Jhlft left by n
APE) b ey « Add n-zeros on th \16:th o -
w = D1V1510n by 2™: Shift rlght by n._

¥ ok
?j\ * Add n-zeros on th B; B, B, B

g2
= Multiplication by (100), //,//?;

. Shiftlefthy2 -5 G Cs G G G g

& (a)
B; B, B 0
= Division by (100),
- Shift right by 2 0 0 :

° QUOﬁeﬂt = Cng C]_CO

« Remainder=C_;C_> )
Oe cimal _
Logic arq C.c:pmr-v Deszign Furtizmentals, 4¢ .
e e Point Chapter 4 49

Multiplication by a Constant

- Multlphcatlon of B(3 0) by 101
= See text Figure 4-10 in page 171 for contraction

Carry

output Sum

l l l \‘r l vov
Cs Cs Cq Cs C, ¢, Co|

|
i

!
}
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U n S |'3 /)
- num ‘De s
MW%%VWM
s Zero fill; filling  Operand with Os 19

become an n‘blt

' = Example: 11110101 ﬁlled to 16 bits SRR

- MSB end: 0000000011110101 (Zero Extension) <7 \&<*

- LSB end 1111010100000009 v

= Lo e
e I

piCamputer Desian Fundamentals, de
pa ks ten s\on - o '
€4 i a4 Chapter4 51

Rawon Ecducalicn, Ine
|

Wit oo ' ,
Extensiong:, <. J 20000t

k@)f"’

v Fxtension: 1ncrease in the number of bits at the
MSB end of an operand by using a complement

representatlon
- Copies the MSB of the operand into the new

positions
- Positive operand example
bits:

01110101 extended to 16

0001110101
000099 e - 11110101 extended to 16

 Negative operand examp!

bits:
(1111111110101

Scanned by CamScanner
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—_—

o\
r Multlpllcatlon/Dlwsmn by 2y

. Multlphcatlon by 2": Shift left by n
e b * Add n-zeros on thé&ft o
o ® Division by 2™: Shift right by n

?:f\ * Add n-zeros on the’\@c :

qe
® Multiplication by (100), ,/‘//'/

* Shiftleftby2 = “

® Division by (100),
* Shift right by 2 '
* Quotient = C3C,C,C,

* Remainder=C_;C_,

C. C

. - () J
Lagic adCCl"puere__gyFyd‘ entais, Je DECIM
F"*Ccr:cp—r :\l:‘d:mc alich. Inc. ’ po' Chapter 4 4(

Multiplication by a Constant

= Multiplication of B(3:0) by 101

" See text Figure 4-10 in page 171 for cvontraétio.n

B, B, B, B, 0 0 B, B, B, B,
l l
Y v v v v y
Carry 4-bit Adder
output Sum
l YI Yl V‘ i Y Y
C6 CS C4 C3 C2 C 1 C()

Hametals, de

Scanned by CamScanner



o ] )

N ////// . |
\ 7ero Fill  unsigna/ pumbers
> e

s Zere fill: filling an m-bit operand with Os to
pecome an n-bit operand with r >

. Filling usually is applied to the MSB end of
the operand, but can also be done on the

I.SB end

\ = Example: \1'°1110101 ﬁlle\d to 16 bits ¢ gulld. |
- - MSB end: 200000001111010?(2(31‘0 Extension) e?_/\’“’cﬂ' r 1

J : Y
- LSB end: 1111010100000000 Leote

n
=13 Loo! 0000 log!

Chapter4 51

i
Shides

. \\H‘lool 000 00\
Extensions:, . <) =
- @Jﬁ} - T e 2 B 5 ==

o Extension: increase in the number of bits at the

MSB end of an opefénd by using a complement
fi representation
. Copies the MSB of the operand into the mnew
positions
. Positive operand example - 01110101 extended to 16
|
bits: , |
0000000001110101 |
> Negative operand example - 11110101 extended to 16
bits: ’
11111111/1111‘0101

S *?c"-’vl,‘o
e by # Rasign Furdamenils, 42 Ci ier 4
R Ve 2renals, A2 napter 4 52
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\ . Ne oy b
Com (ra for ﬁ "; i ‘(fi 0

N -06:0

Hexadecimal, Oct :al BCD Addition

AcBaye )-8 "”‘ A-B>0

| N e T R T e T e R r rm;sm\uﬂ'?m‘ YL AT AT T R Uy
(4 Of
8- Hexadecimal and Octal Addition: ot 470

i Ao B8 0
* Add cach digit then take modulus (r) - O'LB'J'__‘ il ll,ll "

i _ un::and I c,1 . « u}
| (598),, aim, [T i i Laes
| + . g / ] |
(E46),4 (345)s | |, ﬂi"?(n"f? T
> A s,/Ar (,', _("d
(13E5),, (1327)s | |yomre [l 00
= BCD Addition: —
* Add each 4-bit together (448)10 (O]Odo OO ]OOO)[
. . =z
* [fthe binary sum is
greater than 1001 489 10 (0100 1000 IOOI)B
+ Add 011010 the result | (937),, 1001 1101'0001
AF | + 1100110
__ ‘ 1001490140111
e 0= 1000 (- [ P-8 \_/ Chapter
_ B="0aT (+3/ :?27 s
2N nam “~aV =C c 'ﬁ
"Terms of Use ° -5/ 00"

Education, Inc.

= Permission is given to incorporate this materiai or
adaptations thereof into classroom presentations and
handouts to instructors in courses adopting the latest
edition of Logic and Computer Design Fundamentals as
the course textbook.

= These materials or adaptations thereof are not to be
sold or otherwise offered for consideration.

= This Terms of Use slide or page is to be included within
P ER the original materials or any adaptations thereof.
2 g, ov | #<8

0 0 O
= pees G

B

Lege ré:ﬁ‘r‘r‘u_ 2 D= l/‘r Fullar()as 4= Li/

Pt erfoi Shddes

v?(da:' ’3'$an1-=('1" ke VCCSS C‘r’lpkr‘l 5
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= Partl - Stm age Elements and AmlySls
« Introduction to sequential circuits
« Types of sequential circuits
+ Storage elements

= Latches

= Flip-flops
. Sequential circuit analysis

= State tables

= State diagrams

= Equivalent states A

= Moore and Mealy Models

= Part 2 - Sequential Circuit Design

-~

Lok and Computer Design Fundamentals, 4¢
Chapter 5-Part1 3

Fowerroint ¥ Shdes
© 2008 Faarsen Educatien, Inc.

Introduction to Sequential Circuits

Inputs 7 Qutpy
. : =| Combina- >
= A Sequential circuit contains: tional
o Storage elements: :
%e Storage Loglc m

0 .
=° [ atches or Flip-Flops 9
rElements \ Next
State

« Combinational Logic:
= Implements a multiple-output switching ~ | ofate
function
= Inputs are signals from the outside
= Qutputs are signals to the outside
= Qther inputs, State or Present State, are signals from storage

elements

= The remaining outputs, Next State are inputs to storage elements

gz and Compater Desgn Fundamenta's, s

ToacrMint ' Slides
2002 Peancr Educatca I )
Chapter 5 - P2
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r —M ———— .
Intl")ducmn to Sequential Circuits

s gt e )

P S— == S #

Inputs ; Outputs .
Combina- =P i

Storage tional
Logic

) , | Element
P cOmbinatorial Logic X i 8 .
Next a

"o Next state function curr
etd —
Next State = f{Inputs, State) State State

OR Next State = f(State) /-

s Qutput function (Mealy) "

Outputs = g(Inputs, State) ‘

¢ Qutput function (Moore) __ 1o i

Outputs = g(State) [( & |

s Qutput function type depends on speci
the design significantly

2o peer Cezan Furdzm=ntze 3=
§ e ]
ﬂlﬁzﬂm = Chapter 5 - Part 1 5

fication and affects’

Types of Sequential Circuits

== _— == —
= Depends on the times at
+ storage elements’fobserve th
« storage elements change their state

which:
eir inputs, and

g SVnChrODOUS'-’aW
. Behavior defined from

instances of time .
s and can change state only in

« Storage elements observe input ,
relatign to a timing signal (c]ock pu]ses from a clock)

. Simple to design put slow

knowledge of its signals at discrete

" Asynchronous wemwsidpl = . o
« Behavior defined from knowledge of inputs at any instant of time
and the order in continuous time in which 1nputs change

* Complex fo design but fast

Chapter5-Part 1 6

[
4,
PR D
":: _tﬁ':‘-.-_ Ck:"m Furdzmerias 4= .
e E
w on Ine /1
4/ - 1: ,;.S;i
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o P/:

‘Storage Elenients’

the input signals to switch

mmmmﬂmmm:-
= Any storage element can maintain  a .binary state
indefinitely MMH) until directed by

R )

=_Storage elements: Lafchesand g’11p4ﬂ0p;¢ (FFs)

= Latches and FFs differ in:

—> « Number of inputs

= Latch:

« Asynchronous

X
are the building blocks for flip-flops

Lopc ard Compatar Cesign Fundamenials, 42

— « Manner in which the inputs affect the binary state

+ Although difficult to design, we discuss latchcs first because they

gggﬁ;ﬁﬁtaaﬂcn‘ Iric. X " - : b ';) Chapter 5 - Part I
()a';’r LZY N W= vJ .
Ziplles —> Oukputk | S0 bl
3. Basic (N OR) /SR Latch — Lo R bk
o lwsgs . 3o TN b - -5, N N b’éck
e A~ TR
SIS . Cross-coupling two NOR gates Peed becl  loop wqjé c;@\
R|S|Q|Q Comment R (reset) ¥4 /
0/0]Q Q | Hold, no change s 0r
0 1 1 0 Set R 5 —
110 O 1 Reset
1{1]0(0 Not allowed set) - 2 350 o L ~SR (o
" W\"f)\ts"'f”'duf:v' Crloss dg»'d(:fj““’.“-/é
= Time sequence Timd R S Q QjComment
behavior: 0 | 0 | 2T~? |Stored state unknown
0 1 [1]0 [Set”’Qtol
= S=1,R=1is 0] o[l1]0 [NowQ “remembers”1
'« forbidden as 1 10[|0]1[Reset”’Qto0
input pattern 0 | O[[0] 1 NowQ “rememberS” 0
“'0 &€ ) Lo _&;'g\o,p ! 1 [ 1[] 0 | 0 |Both go low
]
I.ogi:arf.lC&'m’.arﬁer—.iunF;%j.igﬁé's,h M.\)g 0 0 ? ? Unstable! g
Ponerpaint™ Slides B L _ - 1
© 2004 Pearsen Educalen . / A))‘/) ‘8‘6/’&/ 4—J Chapter 5 - Part
‘4
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Timing Way cfor

g TS Y
,;\-,'1.,.:.1 — O ey e

n gf NOR SR Latch

BNy
S

R ST

»-‘.J:L:.ny-’z.._" |
— DS F O AP § b pad mms . |
R 1 Aol rie . iy g bt e ot o rra R R SRR R | I

’tp(} No change e

Q - Y Uds, o 5 not allowed
b the & : SPJ’“L“Z‘J’LZW ol 12"
ak the ame N&o defay Iy L ")Uo‘ ) S
\.‘r,wcr;xxh!roml{]n Furdamentals, 4g flm( ' N 50

[ foint? Slindes
19 Pearsch Ecucatien, Inz,

Chapter 5-Part 1 9

E TR T,

Basic (NAND) SR Latch
B PP

= Cross-coupling/two NAND gates 7‘ 3
o Active low inputs S (set) 9 _CS/ pl
RlS|Q|Q Comment
0ojo| 1 |1 Not allowed R =
0j{1]0 {1 Reset B '('2' 3R
o] 1]o Set R (resef) —
IL 1| Q| @ | Hold,no change Time _B._‘S__Q— Q |Comment
. 1111 2] 2 |Stored state unknown
= Time sequence 1(0]110 “Set” Q to 1
behavior: 111110 Now Q “remembers” 1
ol1]0] 1 [“Reset” Q to 0
s $=0.R=0is ﬂTT 0| 1 [Now Q “remembers” 0
forbi:lden as 0 FJ,_._I Both go high
——————————— y _’-—T'_ '
R (1 [1]?] 2 [Unstable:
o4 Compara; Design Fundamentals, 12 Chapter 5 - Part i 10
\ ,Hr‘::'.-uwh Jegign bung ameniad, = |
JE;:F": T;:‘-lll:f;?k.rﬂ R /// ’

IR TR SR NI
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Ef(,q,ua/lCJ J(

_O_L_,f‘” WRkee N s (i) AT

- ) L ve adee —triggered latcd —
Clocked SR Latch S(Pulse-trlggere‘i Latch)
Pulse-triggered Lat

v -- — —— — - = W
& The operation of the bablC \TOR and b'ISlC NAND latches can pe
vy~ modified by a providing a control input (C) that determines when the

state of the latch can be changed Postive— tve pulse : b g
— * Adding two AND gates to basic SR latch OR . latef I
—> ® JAdding two NAND gates to SR basiclatch c ‘[
CIR|S|Q|Q Comment C\ock/dk (/R_D_
T Olx|[x]|Q|Q | Hold, nochange
Tl1fo]o Q | @ | Hold, no change S
1gjojt1j114o Set Cc—!
) 191101 0 |1 Reset
’,51:], 1L1]1 il Not allowed R
A0 = Has a time sequence behavior similar to the basic S-R latch except that
the S and R inputs are only observed when the line C 1s high
LT = (Cicaiis “control” or “clocke

) No
N
\1 ‘2\"/ b 3

Logc and Computer Design Furdamentals, 42
FowesPoint® Shides Ch :
© 2003 Fearsen Educatien, Ine. apter 5 - Part | ||

Clocked SR Latch (continued)

T A T L 26 T Gt DA N A4

= The Clocked SR Latch can be descnbed by a table:.

Cufrenf state
s | Q Q) S R Q(t+1) Comment
(o 6 0 o 0 No change
_ 0 0 1 0 Clear Q
R - Q 0 1 0 1 Set Q
0 1 1 ???  Indeterminate -
= The table describes 1 0 0 1 No change
what happens after the 1 0 1 0  ClearQ
clock [at time (t+1)] 110 SetQ N
minate |
based on: 1 1 1 2?22 Indeter
° currentinputs (S;RY and 45 OF
° current’state Q(t) e
Logie ard Cerm . 1R o—
P C:n‘ J;arre ign Furdamentals, da
El’ﬁﬁ-ar&! Educdlen. Inc. Clocked SR Chapler 5 Pa
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D LatCh == O G © ag)) )L(’ ';j>\"__“—*-~’—-—w————’~——>

M w

. a«w\ >

= Adding ap mverter
to the S=R Lateh,
gives the D Latch

= Note that there are
no “indeterminate”

P
‘UOR N J'\x) (f(gb/f

2l
Ty

CEUCIA R 4 R LTS VRN A AR AR S

D .

ol
e alSt]

&H>°_

states! 6\
: _ The graphic symbol for a
CID|Q|Q| Comment D Latch is:
. 0]x Q Q I{Old, no C.hange N D Q —
1101 0|1 Reset g;,l : {’j
ifi]1]o Set 3! —-|¢c Qp—

BV,
e Comprter Dasign Furdamentals, 4 eﬁ.ﬂ)Q J\?
L.gpﬂd Shdes
‘1‘8F-a*.rﬂ"t_‘mat. 20, Inz. f\ )\

~N'e,

TN o o \apows [V pulse - H‘?B’kf«/

se - masc’ D-Lotch
QW\ Chapter 5-Part 1 13

\\\ ) )
l\” -

(

Variations of Clocked SR and D Latches = sl

a‘dsgté)*

?)\Msj) G"A W&"“

—C
1 Qp—

+ve pulse-triggered SR 12 tch

C =0 > Hold
C =1 > Change Jr"}f

— B atb—

/
*ve pu]se--triggered D
ﬁ'" (.L‘?-hrh.uh.- Furdsmentais, 12

1S Qf—
—qC
—R Qp—

-ve pulse—tnavered SR
1"”“’@9 Change J"A/
C =1~ Hold
1D Q—
—dc Q pb—

-ve pu[se-tn:ggered D
Jatcii

Chapter 5 - Part 1 14

-
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Flip-Flops
= Master=slave flip-flop

Edge=triggered flip-flop
" Standard symbols for storage elements

Direcé nputs to flip-flops

(éiat ("VC *G(jd fg;Lk“LLJ:‘!’lo ® J\%
. ;rti  egatic )1 e ),
dS\’?ﬂ—ZL _} /’—\ co/;ge
,ye_é

oy

'Mcbstcr* slave o
We Sedaiiv ) vl
/¢ ':—:‘EQ/H;U ,c—-ad@pu,[s&'

s — ==
' \ ~ acd X
) ~Ve (k \f\ﬂ).,u q J \ =
Logic ard Cornputer Dasign Furdamentats, 42 5 2 '

PotierPoint™ Slides

©2003 Fes:s.«nEduiat?:n‘ lnc._‘ “ sid” o | \"_’; MI r‘—‘- ’ Chapter 5- Part 158
P )%M 7. ! T

Logiz and Cempanter Cesian Furdamentals, da
r.‘

=

SR Master-Slave Flip-Flop

ot SO A YA IR 0 R RN KR S ik R O NN

= Consists of

two clocked’

- - - L * S h Q S
SR latches in series c © = o e
with the clock on the; RS ok 7 |
- SRt o o
Second latch inverted _ R_@p=a
e

-

The input is observed by the first latch with ¢ =1

® Theoutput is changed by the second latch with C =0

" ”[lie—-pa-‘fﬁlfl?b‘hiiiiﬂput;to = Outpllt-.is ~broken by the’ "
difference in clocking values (C=1and C=0) 3

oaerPaird” Slides

D 2003 Pearson Ecuralior, Inc.

5 - P I
Chapter 5 - Part I
. -
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_ , i G)
B o BMoz o, Umo (et
:ming diagram for :
T SR Master-Siave Flip-Flop
——— ¢
D ————
= owﬂof’ ("9 ) L o e
c ) 5\{{\1 5
uP—a ;/o ’
O o @ s @ Y
\: ® C
| ") I————‘——_—'—_
— i !
'; i ; E 3
0 i 5 !
/ | ; R
, N i =, N
: : ¥ ! :
! o a1 . ] i
5 G R g ;
: aster ' Slave ' : ; '
i e s i @0\ 2, 63 hegehiv 5\ oy
alove e W . cdge . - ()%
el ol e Mashr ) Q 955 S
z?;%rWJr?rdamema-'= Chapter 5 - Part 1 17
BFeaen Ecucalen, i m
— a/‘ C@/f(‘lcb/) 7)(
oS ¢ N
Master-Slave Fllp-Flop Probl f ra%b;/\ L
&{ By /u) D ‘ _— L o

=S and/or R are permltted to change [while C=1 \ RAzFNV

\@)ﬂ,o)f»w sl J Y e —-

. ',J;L\
—\J'A,“_Qj\

. Chances of 050r 1s catching ° 30
' . . e 1 e
C
: l: l___———r’"
R § : ’_
fl\ ) ) l 1 o/
oo ) i ;
uaster 52——-’——5—/ i . e
0| - ey
e our : : 5 atc ing Q NS, Les
o Master  S1%° N : Kudie} Teic
—— active ' o U DPyas) 0\ Zo
( Swrong oulput
slzou/d have been 0
} -:c,,.[} Do e, 4 Chapter 5-Part 1 18
e Sldes ‘/

. =
Scanned by CamScanner



ek G g e e(0ls copohy i
ware I\ &= Lo bsouy 5

0s Catching ), = &5,

(Lo Jou i 3 B ) 452
catching «— 1S cR ol

A

~
Bi_f;..-_____l -

\53--—--------__-

95

S R r LY Fuyupuyuun

Y b
’ Y o
Master out & ///\' \V |
S e
Shaveout | Master .: Shave - | | A i / .

actjve ac l‘l.Ve
wirong ()Ufpllf
should have been |

Lc-gic‘ arsd Computer Design Furdamentals, 4e
Chapter 5-Part1 1

Potaraint® Slides o o,
CEOOB?‘fars:nEmceﬁcm Irc. A E&_-b\’» ()\/‘\J_ ‘ - - : -
s : AN ARV AN
L9 at liscreat Ei'me S5 Hﬂ,& -'f_b “ﬁq“{[d
§ o> s cdlge tiggere)

Flip-Flop Solutiong pulser

s Use edge-triggering instead of maste;—slave

= An edge-triggered ﬂip¥ﬂbp ignores the puise
while it is at a constant level and triggers only
during a transition of the clock signal

Edge-triggered flip=flops’ can be built directly at
the electronic circuit level, or

a A umaster-slave D flip=flop which also exhibits
- edge-triggered behavior can be used
' MNU) 5P g

g
Chapter 5 - Part

% |
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e Q :I-\/Ff:d\a:j)

ol € /}fp >
“Trig _ah=T W
pdge geered D th—Flop 0N afi’s w5
W@A&m“ I gy
The edge-triggered D ﬁ]p-ﬂop iothe samed W v P
master-slave D ﬁjp-f{f\ﬂ\ b 5 o s al—a
p\,o"er c glav 3
s [t can be formed by:

. Replacing the first clocked SR latch with a clocked D latch or
. Adding a D input and inverter to a master-slave SR flip-flop

« The 1s and Os catching behaviors are not present with D
replacing S and R inputs

s The change of the D flip-flop output is associated with the
negative edge at the end of the pulse

o Jt is czz]]ea' a negative—edge triggered flip-flop p=0—> Q= OL
gz pigpur ourput (5 hutitm A5t

- Part 1
ggFearscn Ecucaten, 12 =il Biae '3 c hapter 5 a
T

N
\~a=ra

- d D Flip-
il "at““‘“ﬁ&z&Pi&Sg& triggered D Flip- |
ops

")\o«ua_J GS\.)(:”“ D—FF <

Y — ' R R — - . — ——— lrlol)\ *
J\a/w.{ N ¥ 5 - S —a d{? va lit ¢
_thg..c LC Q c ; : LP.:W u‘jﬂ/
dﬂj_‘)(—sg\/f’a)x‘ c c . ob—3 D)\JS A ;_d:b Masten\ x.
év\fwd) (ppun % +W < 03':“’“‘0)\ & 2 L. IS
L o0 ﬁ\alo(t—-/‘mslef)\&f" oo;‘ff(ﬁl A\
. T 1 : L ke veostle K
, e Plags
] ; E ‘ ® ) AL ST WX
| 0 | =. '= $ NP ek
E i E E i DNRer BV
 masted|: a | =. Rk
”» }\ »\() \A i E :l :l \ ;9? o's
Y \ s ': \ l ¢ Ce kchiy
Masterour — v ho lod y i \ ,__& SRLRNIPIE
; s i ' o Ll BP\ &
Saveout T Master Sl ve " nd Is catching : el AT 2
e s G Frdameriin A B=1- 2= (‘@s(/f' correct output @f/ qo 2\
e Sk - ' Bl e Q_,_.J}_— [q_jﬁel \S,C,Eﬁlsvj 20\ i et
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@6?%6["4—1 QlﬂVc//\?CA_T‘ r\-*
— 49[0{jJ1 —

= Positive-Edge Trlvgered D FllP"F lop
— e

. Formed by b——1D q S af—q
adding inverter Maste] C Slave
to clock input c © ap—rR ap—j

"_,)\o,.n,u 2/0 ‘pr CJ\(A/
e Aoy o DOJ |

= Q changes to the value on D applied at the
positive clock edge

\9 B OQur choice as the standard ﬂm-ﬂop for most

sequential circuits o . ?"{
/9”’3(( ﬂl(” P r
Logc and Computar Design Fundamentals, 4e COL ¢ w
!;L?O’Z?;i:aﬁ::‘%;cat on, I, "r? | tfd‘ ' Chapter J- Part 1 2
vi— v
Standard Symbols for Storage o
NGEVNN LY
Elements  we _gwn

u Latché§ gﬂpcg‘ s - —ds - D ~ —D -
\ . .
FMJSD.QJM' =R ° —GR 0 —C O —GC 0

S SR SR D with 1 Control D with O Control
3 R ) ‘:[.lp, fl (a) Latches
—14—= Viaster-Siave: —
| at ds—1—s b - -

hez |
Postponed outp!
ez
7 1i!!dicatprs<c —dc * .

;'}C,) 4R >0 —r 12 ¢ b —de TP
ot

Tl Triggered SR Triggered SR L Triggered D L Triggered D

L% = Edge-Triggered: W"

(f( z/‘) :Dynamlc -Ip | D\& Master active when C =
\;,b‘r) v A Slave active when C =0
é lindicator 2 \
> C D —O>C b Master active when C =0
, / Slave active when C=1
’ M‘ T(M“ I Triggered D L Triggered D
:‘Sj;’rjljn? ol il Pesgn Fndamenédls -n(,&/ (c) Edge-Triggered Flip-Flops et 1 26
© 2008 Fesrsan Ecuczlen, Inz N W ChapterS - Part
triagered N _ o
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e

L e ) thxw”i 8, R%

' T Difeck pleswtkp e B
DlreCt Inputs 05T tghomts ( 5,R) if::.::jf:v
T B _ ;Llak)w s\ (3, R) *
= At power up or at reset, all or part - o

of a sequential circuit usually s rL
S

initialized to a known state hefore —D Qr— |
it begins operation !
|
I
I

« This initialization is often done —a>C QpP—
outside of the clocked behavior R .
of the circuit, i.e., asynchronously T

« Direct R and/or S inputs that control the state of the
latches within the flip-flops are used for this
~ initialization
= For the example flip-flop shown
» 0 applied to R resets the flip-flop to the 0 state
« 0 applied to S sets the flip-flop to the 1 state
£ Comprtet Detign Furdamenta's, 44 ' Chapter ikt ]/’j?g

Fed” Skt
2 Feamon Ecducalen, lre.

Direct inputs ] |

w direct inputs :

= D flip-flop with active-low Cie

inputs

meaia

e T ——
c e
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Tlmmg dlagram of A SR Master-Slave F:llp -Flg

= -—
s
c
—C . RE
Master | S/HY"@ r >—J
active ' AClive ' '

Master: —

| active :' = L
s ) N | R
© L4
r N

. &
Master OL?/ i A
Y i HIE /o

Sgi e%u% J!/ Z

ur'de/' ined

1
1
1
1
[]
1
]
:‘ —
]
[}
i /:ndcﬁned

1
L] —
[}
'

// W zmdefmed_l
] ‘ /8 atP &> L]
zErO ’5 cau’(Ckar‘ﬁ Sfﬂb d-f'*[c(»d

=
|

éaQ)f’?),\ Uﬁ &Qﬂf | Set o 27
Y cakhmiZ 0% LpLJLo\l}Q
Ja, O 1 -2 I %R ('(L‘Z\r‘a-"” hB
gﬁ;)\/é{\s@ﬂ’ L@)&%@UU\G [Erg
@ ©
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5=4-Sequ
e
—— - P” CWCuat Anaiysns
© fOHOW"‘Q circuit: T e
Tonefk statc
>What doeS lt dO? p\Utx p m%ﬂ - ?\\:P PIOP
yHow do the Outputs D Q—«LA
change when an D Q”T‘T\\ i
input arrives? =
@
T‘ )
X Ma xmum = zm HD D Q—l—B f
(\um' of Skaters CLK—£—>C Q
m= of EF% |
_{>OJ_ output |
29 B

e
™ s . syt =

g BRI

g General Model
. Current or Present State at time (t) is stored in an

array of flip-flops.
. Next State is a Boolean function of State and

Inputs. ¥
. Outputs at time (t) are a Boolean function of State
(t) aeld (|f Mealy model) [nputs &(]ts)l
— E—— = comb.| oueputs

logic

Combina-
tional
Logic

. (
o b g i mmmﬂmm uhrar e “
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pRser) £ Slake Q , R Ne+ Strafe Dn BB
Cwrrent o Aert)  BCm) : —
skle B0, g L1

Previous Example (from Flg 5-15)

Comb. Input logic

= |nput: X  onlyone .
= Qutput: Y X 1 D—'-ﬁ_o Q

. State:  (A®), B®) [ CQ»T;\
|

Example: (AB)= (01), (10) Next State

m Next State: — \,[ |
(Da(t), Dg(®)) Bl

= (A(t+1), B(t+1)) cLk—e>c Q
| ‘ N
Is this a Moore or Mealy machine? Output logic
“\Qu\a\zﬂs@.b@ Ls ¢t .zan
W puds?) | 9

23k]s Jussal

Steps for Analyzing a Sequential Circuit

T —— e e

1. Flnd the @Qgtvgquatlons (D , D )to
the flln-flons (next state emla’rgonc\

and the owquatlon

2. Derive the State Table (describes the
behavior of a sequential circuit).

3. Draw the State Diagram (graphical
description of the behavior of the
sequential circuit).

4. Simulation

i
|
i
i
i !
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=

= T T s

-

2] BOOIean eqUatlonS B s s e et s aaeter s e
fo ——
inputs to the flip flopg rthe |

p .
. DA b=t (WXT%L D Q—J—A\ T
e A X al <
g OUtpUt Y OWRPUD 4 g > ﬂﬁpw\ " --&r—lt!‘>C QF A 8
= Next State >('D
° Y X (A + B) mﬁpu@ \ ;’_
A — : e
o e Do)
s Also can be written as TP o e
© AltH1)=Du=A() X + B(t) X CLK—e-D ¢ Q
° B(t+1) = Dg = At) X D
< Y =X(A(t)+ B(t) By
Output

owls ) | L{&’MVLO Myl:é\ééq‘\si f_‘)Qo&;j- cs_._,\gng%
P

Step 2 State Table

S bk 3 O B B AT i TGS SN S P A Dt

The state table: shows what the next state

and the outputwill be as a function of the

present state and the input:

it Outputs of the table
Inputs of the combinational circul
P YN —

/npuz‘ ' Next State _ Output

Present State

= The State Table can be considered a truth
table defining the combinational circuits:

. thelinputs are Ppresent State and Input,

fate and Oulput
. and theroutputs are Next State D )

—_—

L
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e

/State Table For The Example

(\/\?
3 2 e v o

B T N AR T IR B - - P SRIEEETESSS S

N

" Forthe example: A(t+1) = A(t)
1

Y(t) =
LD > Ip/% of the table  Outputs of the table
\(ﬂcﬂSJ('O\ ,// N N e :
Present State Input | Next State Output

o 2L Ab B X | At+1) B(t+1) Y

n = (o 0 0 —|—= 0 | 0 0 4= 0

= O || oo |1 | 0 1 40

S Iz 0 1 o b O 0 1

Py £ <3 0 1 1§ 1 1 0

SR E 0 % 0 0 1

3 1 0 1 0 1 0 0

7. NO. of.ﬂip-flop‘S" ¢ 11 o || O 0 1

. no. of inputs 7 1 1 1 0 0

\\:bﬁtanu ooy =
- 1
> Alternate State Table

= The previous (1-dimensional table) can become quite lengthy
with 2™ rows (m=no. of flip-flops; n=no. of inputs)
= Alternatively, a 2-dimensional table has the present state in the
left column and inputs across the top row
< A(t+1) = A(t) X + B(t) X

B(t+1) =A’(t) X
2 YEXE0rAD) 2-0
: f{&; ) | Present — Next State Output
Vi R f/ State X =0 X =1 X=0 X=1.
7 A(t) B(t) | At+1) B(t+1) A(t+1) B(t+1) M | BBY.
(| 00 0 0 EE 0 | o
om J 0 1 0 0 1 1 1T 10 |
10 0 0 1 0 1 0
. 11 0 0 i 0 1 b

36
T
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" The SOl ot gz e
digqrgr?qn\t,a?hl?hgraphical form as a state
in — € following components:

° Ac '
@ circle with the state name in it for each state

° étdltreCted arc from the Present State to the Next
S1ate for each state transition T

in ) Q}!?bhel On each directed arc with the Input values
Ch causes the state transition, and

* Alabel:
0 = In each circle with the output value produced,
In/out or
= On each directed arc with the output value
State produced.

37

State Diagram Convention

>y

L I

I\/lloc;ren :I;/lachine" Mealy Machine:
'» to next
state ln/o/ut/
x=11y= Xy

/

Mealy type output depends
on state and input

.f/“/
Example: 1
X .

Moore type output depends’
only on state

BE—————— ]
—
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State

A L L A N ST RN T Y R R P e S R RO AT RREC RS PIRSTTEILZ

Duagrdm For The Example

e R IR T IS

= Graphical representation of the state table:

\\\\\"d\ Nax =
\‘\\\‘ A
Present State | Input | Nelt State | Quiput
A BRL - -k = xft)y = pAR =N S v
" 0 0 [ 0~
e I N PO | O VO 1.1 0--1
=% {T~=~F--g=-f-~- o---a [ e
0 1 1 ! 1 0__.-f
R I ) R Qs e Q.= Qo= 1
1.0 1 1 0 0
1 1 0 0 0 |
1 1 1 | 0 0

Step 4 $|mulatlon

2 Two

spTTe T 3 ErTT

types:

* Functional simulation: objective is to verify the
functionality of the circuit

° Timing simulation: objective is to perform a
more realistic testing (with gate delays counted)
= More about this step in the lab
(CPE0907234)

i
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Example?

B
B S
Qv

\

s Derive the state ¢

tha faniiantiq] Air
TN Uhs o

e

able and state diagram for

oY)

Cuk puUl¢g
<

3 tokt -
MeAt
Dwr, BiAw /QU-*!/

X
Y

=/
t Ry
< tate.-

A Lnplia
Da=0,/=4(Ct+1)= X& Y@
Aoufpurs o

== A i\MOofe’

E‘q wafrels

17

>
l
BC 3

-

Clock

41

Example2 Cont.

| s

State Table:

N
-

&

‘=

T T
V— —~

%
(G N

Next State

Preset
State
A(t)

| —

00,11

A1)

XY =00

ba:la.S})

= State Diagram:

XY = 01
A(t+1)

XY =10
A(t+1)

Xy=1
A(t+1)

1

0
k

1

0

sdplo

01,“10

00,71

42
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Example3 .

= T
— e T L s 1T
B s ess one - n TR Tar B

r Derive the state table and state diagram for the

sequential circuit;
% States'- A, 8

w%ﬂsmMN’%,% | C T
Al) , BCen) 2C AR
* \nputs - X
% Out putks' - N
B\ npick equakion' = lext grafe
DA = (B X 0% ___D D Q B ;:
g = A®R o § | ax—spe Qjﬁ
ROk plif Gpuakion - = |

U e s D o
l3‘:%—\~A+2{_ A:\ﬂq/bj' : '

Example3 Coni.

> = State Table: | poeet Next State
e ¥ State X=0. X=1 X=0
0 o ADBW | A1) B(t+1) | A1) BE+1) | Y
Au+):\F.x) ® B ¢ 0 0 0 1 0
= e =6 0 1 i 1
10 1 1
11 0 0

= State Diagram:

/1
0/0 00
0/1, 1/1
1/1 10

o1, 1/1
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n Derive the stat 3
e table and state dlagram for the = |
sequential circyit: only input aly lout
r Presest rafe:. ﬁ -~ TR~ o/ |eut
Q)= @y :A'_\F\b ——— S — T |
' o, | s E | |
Qp Lt)= Ug N '_j"i// |
%chr S“rqf‘fs =Rk B | '
- S bt i A M=7 , k= |
Qﬁ &t*r\) QB . ERET - 2 K |
Fappwhs A f“ |
3 Ouk puts 4 CH) Crk/ it Sze = 3% |
Hodnput By R Ourput Fg:7
Bga= X QR 4(0)= A+ (QA-TE )
Rop= x+ Q8 _ | |
$Qe= Gr * G = & 08
“Qa= Qe QA 2
— WS olucsacfn Ry 5= 3y
él ERCIE= 0 R I R Sy e Yo
&.—_:.Aampig ConL oo lgoii., Cafentt V)
1o g e N AL o
et eE 7z Next State Output
. Present Sta Input S.R S.R
state Table || "G, SR | SaRe | S5Re | oygetiongeny| ¥ .
s 00 0 | o1 | 01 00 0 || =
_ 00 1 | 10 | 01 10 1 IS
7@& b 0 1 o | 01 |01 00 0o ([P
N0 . T | 10 | 01 10 1
e o | 01 |10 01 1
- o | 01 | 01 00 0
w HEEEEE 00 1
0o, 11
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Exercise: Derive the state diagram of the |

i oL Pt Lz ) ¢ ,
SR Ocsi e

X SRR B Y S R N SR R S R LR SR R SR IR B B R SR R
L/

" Logic Diagram: [ < }D al

Moore or Mealy? —

|| = [: ]
What is the reset state? g

. ‘ ‘——>
put oo e ’_C‘>°+‘ =

!’»N\!—-I

: A

l Reset

I , Clock —3lisc RQ
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Step: Hip - IOp Input Equauons

P b m R pls LS y iom — TS
R T I T sy & 2 #5
ﬂf/‘l‘— $-0% s ey W st ¥

. Variables
 |Inputs: None

. Outputs: Z | I
o State Variables: A, B, C “

= |nitialization: Reset to (0,0,0)

= Equations
. A(t+1) = BC Z=A
. B(i+1)= BC+BC=B®C
o C(t+1) = AC

3/@
Siepz Sta‘te Table |y e

positVe ) —
S A
) ABC| A'BC|Z
000/ 00 1[0
o011/ 0 1 0|0
we1)= BC  2=A [010 01 1D
3+1)= BC+BC= |01 1] g gg
BOC | 100 0
Cit+1) = AC 101,01 01
110/ 01 0|1
1111 0 01
. |
I
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Step 3 Sta‘te Dlagram

S — ' §
C A'B - C- -
Start from the reset state o AB B~ C B
_Reset @ " 000 | 001 [
+ 001 | 010 o
010 |01 1 [,
011 [ 100 [{]
100 [ 000 [7]
101 [ 010 [{]
110 | 010 ||
111 | 100 [7]
] ‘LJ
= Are all states used;?UWhlch ones? A/o
' d.Du.)(,O g(), 3‘3["( l\foNou/l S
;‘:l:’:::{ g 6 7 O’Q‘Abdj‘u f\g"& *(ﬁ} p)) /—uuk.)
~ i =0 55
@Jaks/\(slp(f(gbwheqcﬁsr -
5,99 Sequentlal Circuit Design
o e = _

Idea

ENA NIy

New product

| Comb]

TR AT Crt.
= el
*Word description [ .
( State Diagram |

-State Table

J State encoding
Design < -Select type of Flip-flop
procedure |
"Input equations to FF, output €d.

\ <\erification ;
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Specification

o A A 85 s il AR TR S5 Gmding st 344 Seratr s vt e e p . e ey yeodt iy Sy
Ry 48 i o et R e ] g b 3¢ LS P WA oo Rl ps e L W gy e e g § - gy O e

= Gomponent Forms of Specification
« Written description
Mathematical description
Hardware description language
Tabular description
Equation description
Diagram describing operation (not just structure)

(]

57

Formulation: Finding a State
Diagram
= |n specifying

a circuit, we use states to remember

' ' st input sequences that
ful properties c_Jf past inpu
g]rgaensl,rs]gntial to predicting future output values.

Inizer is a
le, a sequence recodnize
e E:Jrc]ar?t)i(aalngﬁ‘cuit that produces a distinct output value
S(?1qenever a prescribed pattern of input symbols occur
;/lyl sequence, 1.6, recognizes an input sequence
occurrence. |
= Next the state diagram, will be converted to a state

table from which the circuit will be designed.
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Sequence Deieoi r Exa mple: 1iOl

S T T T e

_ —— OO

i_,
‘S C,J

Nl Do
X ;:fpc

) ? e & 'Z \ (/‘dj)_'ﬁ

o . (‘f-/ l/‘ |

.Y k| Mealy machine [ &' ¢ eeiy b

P = =R - l'm v
YV oy () =
\9" ?_Sz_\lulm z—‘ '

Input X: |00111001101011011010011110111
Output Z: | 000000000010000100100000001oo

Overlapping sequences are allowed

| \ v o~ <—J
averlapp)) sz 0500
- bitg I
\

59

Step2: Finding A State Diagram

S e

= Define states for the sequence to be recognized:
assuming it starts with first symbol X=1,
. continues through the right sequence to be recognized, and

?‘.
« uses output 1 to mean the full sequence has occurred,

« with output O otherwise.
= Starting in the initial state’' (named “S,"):

Reset input Je/OUtPUt

« Add a state that 2 S Enonizes
the first "1." shlth) <o \ws",y e 1/0
- —={ S,

» State "Sy" is the initial State and state “S,"is the state WhICh
represents the fact that the "flrst" one in the input subsequence has

occurred. The first “1” occurred the
clock edge. while being in state S, during t
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Findin . o
Fincing a Stte Diagramcont) .,
— e

= Assume that the ond m—
11012 needs to pe o

S, membered: add a state |
|
1/0 10 "
—_— T NO00 N 1/
7 N7 710

= Next, a “0” arrives: part of the sequence 1101
that needs to be remembered: add state S,

= The next input is “1” which is part of the right
sequence 1101; now output Z=1

61

Completing The State Diagram

1/0 O 1/0 0/0

= Where does the final arrow go to:

» The final 1 of the sequence 1101 can be
the beginning of another sequence; thus

the arrow should go to state S,
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= Start is state S,: assume an input X=0
arrives; what is the next state?

= Next consider state S;: input X= 0;‘ next

~ state? |
= Next state S, and S;: completes the diagram

= Each state should have two arrows leaving

x\Ql\uMbe/”oP EE's

>?—B

‘)M:ZJ 63

MNAY. ﬂ“lﬂbl/al SIQfes

Derlvmg State Table

R T

Present Next State
State x=0 x=1
So Sy S,

S, S, S,

S, 5,
S 5

A4 _
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o — L PRt e e

e S R T T .
. B s e

R . ht ‘‘‘‘‘ I promemes kbdresan et AR
8] Ig n O\IV S R S Y P S
S, tates have Names such as S, S4, S, and

= Inactuality these stat
>R need t d by the
OUtDUtSE Qf_ﬂl_e“ﬂip-ﬂop& 0 be represented by

Externalé | P comb. l
Inputs Combina- > T
tional ' L

Circuit | Storage |
(D Flip- ==

r flops) ]/
C

LOCK

= We need to assign each state to a certain output
combination AB of the flip-flops:
« e.g. State S,=00, S;=01, S,=10, Sz=11
o Other combinations are possible: S;=00, S;=10, S,=11,
S,=01

65

Popular State Assignments

1~ Counting order assignment: 4

. 00,01, 10, 11

2. Gray code assignment:

. 00,01,11,10

3 One-hot state assignment

. 0001, 0010, 0100, 1000

= Does stateé assignment make a

' 2
difference 11 cost™
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oA

Siate ASSignmen‘i Counting OYGek
Clder” Assngnmen State Table: o= {
oL - Present Next State W

e oo | a0 et | e
7 ! :O 1 , So So S W
82 = 1 O 81 SO 82 0\0;,
L S;=11 S S5 S e
- S i
Resulting coded state table: 53 0 0 1T
Present Next State Output
State x=0 x=1 x=0 x=1 E
AB AR ATB z z° | |
00 00 01 0 0
01 00 10 0 0 !
10 11 10 0 0
11 00 01 0 1

_ »ﬁ_\j

Step 4: Find Flip-Flop Input and Output Equations
K- MQP)\ e (‘,LJ?/UL.L opt:ﬂ)/gw[l/ )yJ@fX \\ \

3;(‘ of k ap > Prch”\) : \
' R fafc
m | <
idea, ) i’gfcm\b
— > e

New product
«State Diagram - /

- Specification
v .
% «State Table Next state A*an i
J State encoding

«Select type of Flip-flop
v
::> *Input iquations to FF, output ed.

*Verification
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Example — Cgy

ot g o r——

+ Using D flip-flops: thys o ==
Dz=B*(the state taple i« 11

is ’
for D4 and Dy). the truth taple

Dy

- I ———

— . S—

;,).Ut and Ouiput Equations:
g Order Assignment

___| Present | MextState | __Output
| State [ x=0x=1 x=0x=1
AB /_,'\5%:5-' | AiB | Z z
/ob 01 0 0
13 110 0 0
oo 101 0 1

Z =XAB

B
 Gate Input Cost =22

(S)|o|o|o

D, =AB + XAB

Dg = XTA% + XAB + XAB

69

7

Step 5: Ver

fication

G

. y s

= We will learn software tools for verifying

the functionality of sequential circuits in the

lab (CPE0907234)
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PoLs sladete. (e Jois
e : .
Moore mode] for Sequence Recognizer “1101

\Q ] )1 Lg%
(#‘7 /\ Q Y Rlale o RS L = |
s AN 0 :-'O"LW" Vgl e 0 Hh 4

<latke bf\)o:)l:) Otbfelu{:& o 0 :
o
1V ‘ |

l
| o 7 N7 L7101 5

e

= State Assignment:

+ Counting order (3 Flip-flops):  State A r Output
<= A=000,B=001,C=010, | . ' 2k 2R KX b
D=011,E=100 e A A B 0
-+ Gray code (3 Flip-flops): B -\ C 0
; = A=000,B=001,C=011, C D C 0
| S D=010,E=110
I . 2D &
\ One hot (5 Flip-flops): i A 5 y
= A=00001, B=00010,C = 00100, E A C 1
, D =01000, E = 10000
esi \ \ 4
" A 7 \ ]
Free T a9 —Cotuftfer \'\fa‘ \\’i( W i Y o
QC) @D (o) (1 o | |

Exercise .. b4 7

Ax A l"j
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——<e 88 Q 20 AN .

%, 01 O | mk
S, Cal \ 5 igo_m o
5,040 ° Y Sx piy G

J%Q_Q\n \ 5 %0 o ,
Seeil 0 € Siop o |
D3 o\_i-f \ I %u W00 . Q

E%u {0~ O 3. S oce *T\_[__
100 9 S0\

E_\J % “’6\/’1’(’ ef\Co olfi.f}ﬁ}\, — L&,::\)\)hn:%:

.'
— C’C!UM'/\L’I QV\O’!Q?’,* 1 r'
_af |eogte S —> daglde  D-8lates
— //,_ﬂ,__,_‘—

%c = Q0 O ‘

R. =00}

_R.=-010 ///’/:

]
— D 1= VOO /////.

— B

/ ey
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r) \ﬂ/)uf Qu/{f.[)u,lr eg uez/#;m/)\

\ne OQEUMI?\—:J RS L/ u/[u\

L es k Ma P S
B "

_‘__\\

4@-‘3—-\\“‘0(.&{’ P%u_rayf'l'«.—s)/l \)Pca/a,sc: wie 2‘
“'&a_u 3-—!31'-3’5 —> k%-\oirs/) |

— ||

| B
——

M&M e Eo/‘ z —

%-L{ \Cn’\aog

E
“Sige \?(: AR Qe XE’ZH:K ;
. | ‘s
+L : - i I
RS o o \
o : o=
I ER I I EVE A
3z 0
o170 o [Pa [0 177
‘YG_LE, 0 C\O I\O (aOJ; _
e a
Qa"= Gy Qg Qc X
__———"/V
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oo, Mo (LY 2 A kmplE=

| & I [@v;-s}\ 00 'mgu}/)\ e
o Q,’ 6%_“C - Stafe H
Kg \ D[’/)/.fjn S FF{Q
Eq N QA+D QA
3
R =
®A+ \ %

—
CT-TC?c\
-
~
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Free : e \3@ @D e} oo
— . , o o :
EXErCiSe  znpu BT

- e e ———— L :.-:--(."»’ 07 9 &F AP~ 7 ooy = —

= Use _D_  Flip-Flops desnon a _ counter that  coypg

00,01,10.11,00,01,10,11, .etc. =— 2-br# counter Moux valec .}

-\
9 ! &: = The counter also has an mput x such that the counter pauses if x=0 apg
595 8 1\ proceeds to the next state if x=1.
+ Ql
1 \ 0 !4 ..’1 >
@ A 17y
= Q
O + 0 .
Present Next State Qyp = X6Q,
State X‘= O‘ X;= l$ Q
QQ | Qo | Q) ot I
00 0 00 L ol N K20 R B B L o
01 2. 01 3 10 A s 7 1s, Q17 =XQy +Q,Q, +X0,Q
10 4 10 g 11 0
1 6 11 700 ) ,
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Outside inter
Malfunctjgp

Include a spécial ou
This output can ch

Three ways to accommpods
Assume the Next state for th

inputs of the state flip-flops

D enter ap unused state dye to-
ference QR

te unused states:
€ unused state to be don’t care
Force the next state for the unused state to be one of the used states

tput to indicate that the present state 1s unu.sedé
ange the state asynchronously through direc

L> L}Sffw 73
O?SLgL oD
N \ l6 -ﬁ 2 [} [4
4:}5 . S\Ze o ‘i F, Vf\o;p s
=XErcise v —aers
s Use D-FFs to design the sequential circuit t};lat
-impl'ernents the following state table.(l)\Toti:1 t1 121;)
00,110 and 111).
there are three unused states (0 00, 11 =
te Input Next State
Present Sta - A+ B+ C*
A B C —
0 depbse{20 0 1
O i 1 ¢YaM| 30 1 0
0 b 1 1
\ O ! O §nesocle| 4 0o
O O (0—! )/ =i 51 0 0
2 o i 8 (1) il €0 o 1
0 , . 71 0 O
@ o : - 4 21 o) 1
] 0 0 0 Q1 0] O
H o 0 : e O 0 1
| 0
. o - 1 L\\ 1 O O
£ o o1 b mroe o

1

t

i
i
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Solution . |
ﬁ,. .D_u”_. . ‘%%
= Asynchronously change the state to OI'E
A C B C Cia ‘
K 3 |2 o |1 |3 |2 o |1 |3 ]
(1
4 5 7 e s |5 |7 |6 i 5 |7
K - [ B I -
12 13 15 | 14 12 |13 |15 | 213 s
A —
- s 9 1|10 A 8 9 1o —_Kﬂ 9 |1
M |
X X
F F 0
- | - 3=
S _|A .. . S B - S C c—0 /g
D ;
= 3—
: ‘ c—Cc—q J /
c. P =C D >C O 7 _./
>F|< R A==
, o .
F 3&1‘3) b unqscol Shates 15
E A i A = tois s

n'\ -F O\ R A F‘S‘“

Wusesl L is Wy P2 ¢ e ¢ e TRI0 UV, F Mk g=\ J\.iLLo'

’5-6 Other Flip- Flop Types

o J K and Tﬂlp flops
» Behavior
* Implementation
= Basic descriptors for understanding and
using different flip-flop types
 Characteristic tables
= Defines the next state as a function of the

present state and input
° Characteristic equations
 EXxcitation tables

7
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J-K Flip-flop.
: Begawor of JK flip-flop:
aMme as S-Rflipflopwithy |9 Q=
analogous to S ang K —~.
analogous to R —C
* Exceptthat =K=1 s K @,
allowed, ang
* ForJ=K=1, the flip-flop
changes to the gpposite | J_K ] Q(t+1)
State (toggle) 0 0 { Q(t) nochange
#, Behavior described by |0 1 ? Saed
the characteristic table | T © rM— set e
(function table): P AT 11 M" de-"
pext I\ [eld, s SAENE b -
Design of an edge-triggered
J-K Flip-Flop ™" /3% 137 To7
State table of a JK FF: Q(TH\):DA g
Present Inputs } Nte>t<t R "o o T 1)
tate : state - 3 7 —
Q  JKk_| Q) a[TDfo [otT
00 00 0 . (e}
L0 o1 | 0 9(t+1)= D,=JQ"+K'Q -_
2 0 10 | 1 Called the characteristic equation
5 1 o1 | ? |
L1 10 ¢ L b Al
STCR U I A (¢ o PT
il Lo
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s LAD_))L,\é__Q}J,_x\V \ O"""u P‘J

J K Flip-Flop Excitation Tab!@

,—q
e —n \\
Biotd S nped ) o‘:)d;:( e+, Qu—; s

“\pu)\oﬁ ( )’J.u J_»DJQ»J.; l’k;

M EXeilation
3 R
Q@ | Qu+1) | 3| K| Operation
0 ) O X No change
0 1 1| X Set
) 0O X1 Reset
1 1 X0 No Change

79

T Flip-Flop

o Behavnor descrlbed T
by its characteristic
table:

—e Has a single input T
—> =ForT=0, no cha\né o Characteristic equation'

Q(t+1)

= e e A e ——

Q(t) complement

|
0 i Q(t) nocnange
1

to state Q(t+1)= )+ TQ')
— = For T =1, changes to B T®Q( )
opposite state: T ,&_‘——L
» Same as a J-K fi Ip- /[ 1
flopwith J =K =T ’”KN_>C o

an
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Flip-ﬂop E\eahzauorl

P S D A r e
A LI I ot
e "‘-——--..

N o
— ey o

e LT R o o ;

= Using a D FI|p ﬂop D= T@Q( )

_:I.;_____E.— l)_

—+=C @p—

T —

2 Ca.nnot be initialized to a known state
using the T input

° Reset (asynchronous or synchronous)  ser )\
— Q\esck)

essential
L A\r(id")‘y:-wo ﬁj

T Flip-Flop Excitation Table

MNext grate

Q(t +1) T Operation
0]0) 0 No change
—Q_(t) | Complement
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T

2 of the flip

E‘J and current state
©

C °

O

i | ofthe flip-flop inpu

0 variable values as
state and next st

] tells us what input is
from the current state

- For design

/

| Flip-FlosHCharacteristios

T e

(« Characteristic table - de
_flop in terms O

, —
fines the next state
f flip-flop inputs

defines the next

feristic equation - .
ggferi? the flip-flop as a Boolean function
ts and the current state.

. Tz plé - defines the flip-flop input
prr ) function of the current

ate. In other words, the table
eeded to cause a transition
to a specific next state.

> ,.D\:ﬁl@)islo'r ol::..c R.S iﬁP“”C_u'j (0% 0
, W)Y l:ij

| 83

D Flip-Flop Desc

Characteristic Table

D Q(t+1) Operation

0 0 Reset .
1 1 Set

= Characteristic Equation
Q(t+t1)=D
= Excitation Table

Qit+1) D  Operation

0 0 Reset
1 1 Set
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S-R Flip-F

n Chdl(l(.;t(,l e e — "'"':""'*':7"?:::.:—_—;-,___ ——— T \;‘-
lzm Table G o) ERaG TS
‘\‘Bw ik~ 2R
O (( . .
_O (l) _{& No change 2 ¢ 4 ROV
0 Reset
Lo __]_ Set
m  Charact 1.1 Undefined < nat
arac erlstlc Equa tion an cluded
= Excitation Table
Qb Qi+ SR Operation
0 O 10X Nochange
0 1 |10 Set
1 0 101 Reset
1 I 'X 0 No change £
ﬁ 83
-0 ho (% )
F , ' - 1=\ 39
Flip-flop Behavior Example 7. |
()/\ Q pust
n ‘LU;’se‘trﬁgkcharacteristic tables to find the output waveforms for \
the flip-flops shown: | ‘ 9";{‘;)\%\,’»«#' l}(—
' |——-L_ clkO\E Oj@\
Ciock __| I_—_Ir—_-l—-—l——l—— Not 1Nvelfed
D,T_[T 1 I '
1h Q@D I | I
._>C
LaTo [ | |
) r 0 /]
2\ .0
1099 o
86
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, Flip-Flop Behavior Example
[ continued o

z e e e Ll
| n Use the characteristic tables to find the output WaVefor;}?\@%
‘ r
the flip-flops shown:

Clock __| | — L L 1
\
sJ_[T 1 L
Mas fer Slore \
et e T
-4s q+QSR ?
ac ) "—'r | rnotau_owo'»’ | —
—R 8| ungle fien?
2Tk ggle
- - QJK '
T el O
D IPAVE TS i eI\ (A E'ZZ;_W_C e \‘<Sy‘ ul
|z C glate - 7 = mpwf)\gta
 Exercise: Find State lagram
k RO uey | - -
| ‘ _ A
Blnpw% output & ——r g
e/cluah'ons '
na input
Ofle ou/l'pu(f)) —F C O—
Tal= € {inpwr A = B
g i R :A T Q
ALY =D
Tl B > C O—
W= A® BOC ou*(’wﬁB_ ] C ‘ | ,’2[_;:\
\E‘) Rtate Table T Q U’i“i__\))
e b u)J\%’“‘) ¢ ’ }L '
A}<¢L4)’(9 {033/“_21 >C C /\»D—
|
Clock
Reset 8
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l e~ Togg le

Oe=Volod
A\ - komgp QW'J:Q(U@T
i Nne S5 —Ql__gha/\aﬂs ta

[Présentsiates Ll e G State. b
: B = + b4

A B C T, T, T A+ B+ C
55 I 0
Do 0 0 1 0 L I
L0 0 1 0 0 1 0 0 X 1
10 1 0 1 0 0 ‘ ! X 0
50 I | 0 0 0 0 ! 1 I

5 1 0 0 1 l 10 ! 1
5 1 0 | : ,
1 0 l ‘ ! 0
o1 I 0 | o0 000 I

71 1 1 0 ! 0 ! |

89
-
-_— ]
e s A'/,_—v\,?-'u_
G"" 5_—‘>6 _ ot B3 =

\ftsd
N 4/\.

@Y &
& ®

Q0
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Exercise: Find State Diagra,

TR SN RN QAR S T A S

\nputr X
State: A B
eyt stade - AT T
Lk puk =Y

J
I

clock
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el s Qhafac > se
Analf) $15=> \(\),» to_o?)l‘
Moo s T
e A, f
s S ——— S——
 PrestISAAGERR 17 ._
A B X 1 K, I Kz A+ B+ y
0 0 0 0 0 0 I 0 0 1
N—
0 0 1 0 0 0 1 0 0 1
0 1 0 0 0 0 1 0 0 0
] 0 0 0 0 1 0 1 1 1
1 0 1 1 0 1 0 1 1 1
] 1 0 0 0 1 0 1 1 0
1 1 1 1 1 1 o 0 1 i |
|
|
93 3
—
2
.)L/
pe
| SEPAN
T‘/
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N & leset\V ) 2 L-T(V;\/j)‘ T NRAELD T o}p Iy

. A + . o
oy P Ty Uk
wwx» S‘ El' ‘ ~ .JL. — T pmm— MN

ot diagram design
= Given the f0 <+ that implements it.

the sequential circul e
Compare the design when T LF DFl is

Cused. .
R EANEE TRy »
W ADerive Riate digram
o3 I/ID‘:'DL r‘”‘s
D Yate {;ab]e
-FE_— R —

X

A A u i
_J_XS 3 |

0
Ty- A® X \° \

0 \ F/ga

N S S » S— |
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2\ @/)fﬂ‘;o% - ¢ Z’\O'P)\ 6U
Exewcasc—e s
qd \ G Vo -
T SR e : T

, Design th@ Sequential circuit that implements the
following state table using

» JK Flip-Flops ’5[@7'
: Present State _,,.\-(-——-—

o T Flip-Flops B —
« SR Flip-Flops 00 0 —
I

o DFlip-Flops 8 (1) /’?’—’
2-flip tlop T 1
o o

1 ? /—%’——

= -

A @lX o 97

-5 =1 3e Kg| 9
Nam. of k-map==5 =7k Xa

pemes

3 KAI Kp
g\']; 0 3 x Jo X 0
° G x| X 27000
8 & L0 o x[x o 0
23 I I EA el ESRE
..'31' 0o 0 x o Jo x 1
‘;\1 0 1 94 OII X 1
| . : 0 x 0 Ix o
.;1 { 1 4 lﬂX 1 0

| &

93
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Using TFF

A
0 0

“Present state o
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Using SR FF
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EXercise

DeSl@ the sequential circuit that implements the |
fOHOng state table usine

* JK Flip-Flops

) TFHP-FIOpS Present State | Input | Next St(atcj) Outsut |
1 | At+1) B(t+ =
* SR Flip-Flops A((t)) Bg) >(§ : ( - : :
e D Flip-Flops 0 o0 1 o0 0 (1) N
0 1 o | 1 0
0 1 " 1 ? .
1 0 0o | 0
1 0 1+ | O 0 2)
1 1 0o | 1 1 -
1 1 1§ 1 0
101
IS L=
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