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In synchronous sequential circuits, the chan
e synchronized clock signal. But in asynchronous
ste occurs when there is a change in input variahle,

ge of state occurs in response to
sequential circuits the change of

The memory elements of synchronous sequential tircuits are clocked flip-
flops. The memory elements of asynchronous sequential circuits are either uur.:lﬂckfd
fip-flops or time delay elements. The asynchronous sequential circuit consists of a
wmbinational circuit and delay elements connected to fnm; feedback loops. There
e '’ input variables, ‘m’ output variables, ‘k’ present states and ‘k” next states,

A

(or) delay elements

o xl S zi
:ri:']hr;;“; % H _—[—h‘ Z, ‘m’ output
’ inati ; variables
xn_!_* Ccrmi.:-mafmn_al i >
circuit ’
* -
"
ll i
e L N e "
"irables S IRG ; WY, Y excitation
frsea state) Unclocked flip-flops variables
| (or) delay elements (next state)
E
Unclocked flip-flops

Unclocked flip-flops

(or) delay elements

Figure 4.1 Asynchronous scquemiaf circuit
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ndary variables. The next states are cal

excitation variables. When an input variable ‘xi’ changes, the'secu;dar}f :a;zb:
do not change instantaneously. It takes a -:eriajn ﬂ..l'l'lﬂllﬂt of Umel a-:;au:: HE_E,:
has to propagate through the combinational circuit and ﬂ':]aj: e ?men h 4
time between two input changes is kept longer 50 that the circuit reaches a .

state.

The present states are called seco

After reaching a steady state condition both secondary variables (y)
excitation variable (Y) are same. This is known [0 be a stflbla stata: So
asynchronous sequential circuits, because of unequal delays n _ﬂw wires |
combinational circuits, it is impossible to have two or more input variable change
exactly the same instant of time. Therefore simultaneous changes of two or m
input variables are usually avoided. Only one input variable is_allr::wed to change ;
time. : |
Based on the input signals, the asynchronous sequential circuit is classified into,

a. Fundamental mode sequential circuit.
b. “Pulse mode sequential circuit.

Assumptions that must be made for the fundamental mode circuit are,

1. The input variable changes only when the circuit is stable.
2. Only one input variable can change at a given time.
3. Inputs are levels and not pulses.

Assumptions that must be made for the pulse mode circuit are,

1. The input variables are pulses instead of levels.

2. The width of the pulses is long enough for the circuit to respond to the inpt

3. The pulse width must not be so long that it is still present after the new s
is reached. |

4.2 ANALYSIS OF ASYNCHRONOUS SEQUENTIAL LOGIC CIRCUITS.

4.2.1 Analysis of Fundamental mode sequential circuits

The behavior of an asynchronous sequential circuit can be found out from
inputs, outputs and its states. The steps to analyze the asynchronous sequen
circuit are, o
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JeDOmLIIES the next state quations ayg out
flops, use the respective charge put eq
equations and output equatips.

plot the truth table,
The truth table should contain,

la

Ve tions, If th -

N 1o find the next state

E'II'-‘FII

a. Present state
b. Input

"¢, Next state
d. Output

step 3: From the truth table, plot the transition table, |

step 4: Assign states for the binary values and plot the state table.
Step S: Plot the output map.

Step 6: Plot the state diagram.
Consider the example shown in figure 4.2,
¥i hY
x A !
o
. v,
I S
¥2 7
o

Figure 4.2
" 1i Determine the next state equations and output equations. £
Here the input js x, Present states aré y1 and v, Next states are Y1 and Y an
Output is Z
Sate equations:
- Yy =YXt XYz
| Y, =Xy + X1 .
Mtqunﬁml: Z=Y,orZ=Yi¥ + X¥z

.
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Step 2: Plot the truth table.

The truth table should contain, Present states (y1.y2), input (x), next states
(Y1, Ys) and output (Z). Here the number of inputs is less than the Ill:lmll}ﬂl' of present -
states. So write the input term first in the truth table which as shown in table 4.1,

First write the possible binary combination for present states and inputs. Then |
by substituting the value of x, y; and y;in the next state and output equations, find
next states Y;, Y; and output Z. LFur the given input, if the next state Y>Y; is same ag !
that of y,y, then the state is said to be stable) |

Input | Present states | Next states | Output | States .
X y2 |y | Yo | Ya | Z |
0 0 0 0 0 0 Stable
0 0 1 0 0 0 Unstable
0. 1 0 1 L 1 Unstable
0 1 1 1 1 1 Stable
1 -0 0 1 0 0 Unstable
1 0 1 0 1. 1 Stable :
1 ] 0 1 0 0 Stable
1 1 1 0 1 1 Unstable
Table 4.1 Truth table
Step 3: Plot the transition table
Present state
Ya¥1
. 00 1] 11 10
input x

0 00 @ 11 =—t—pUnstable state
1 10 01 —» Stable state

Figure 4.3 Transition table

The rows of transition table represent input ‘x’ and columns: of transitior
table represent present state ¥2¥1. The number written in the table represents nex
state Y, Y;. The circle around Y,Y; indicate that the state is stable (present state an
next state are same). '



r
Ay

5a
i ~10 and d=11. The state fable canbedre 00, 01, 10 and 11. So assign a=00
Fawn as shown in Figure 4.4
Present state
input x - D d c

HG)“@:I
EENLCIRdC

S

Figure 4.4 State table

Step 5: Plot the output map
a b d -
X . .
0 0 1
Ll - : - 0

: Figure 4.5 Output map
The output is mapped for all stable states which are indicated by circles as

| shown in figure 4.5. For unstable state, the output is mapped unspecified. By using

the state table and output map, draw the next state transition for input x=0 and x=1 as
shown in figure 4.6, Similarly mark the output 7 from the output map for each stable
slate, :

Figure 4.6 Etﬁt_g diagram

._1
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4.2.2 Analysis of Pulse mode sequential circuits

¥a

=

¥i
¥a

Fi

¥

O

3

e

¥ D, . ¥a

¥a

| Figure 4.7 |
The analysis of pulse mode sequential circuit is saine as that of fundamental
mode sequential circuit. Consider the circuit shown in figure 4.7,

Step 1: Determine the next state equations and output equations.

Here the input is ‘x’, Present states are Y1 and y;, Next states are Y, and Y,
and the Output is Z,

Next state equations:
Yi = D, (Characteristic equation of D flip-flop)
Y, =D, . |
Here D; = y,% + Y1V, and i}z = X¥y + }"g-
Therefore, Yy =y, X+ y,v,
Y2 =x¥ +y,;
Output equation:

L =%y,
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. 7: Plot the truth table.

The truth table should contain, Pregeps states (yy, y,), input(x), Next states

0, Y2) and output (Z). Here the number of inputs is Jess than the number of present

s, S0 vrite the input term first in the truth table g shown in table 4.2

First write the possible binary combination for present state and inputs. Then

by glhslit'-fﬁl‘ﬂ TJ!_lE value of X, y; and y,, find the next states Y,, Y; and output Z. For
e given input, if the next state Y,Y, is same as that

feis siid 1o be stable. of present state y,ys, then the

Input | Present states | Next states Output | States
X ¥z V1 . | Y Z
Y 0 | 0| o 0 [Stable
0 0 1 o] o 0 | Unstable
0 5 0 1 1 0 - | Unstable
0 1 1 1 1 0 Stable
1 0 0 1 0 1 | Unstable
1 0 1 | P e 0 Unstable |
1 1 0 1 0 ] Stable
1 1 1 1 1§ 0 Stable

Table 4.2 Truth table
E"Il 3: Plot ﬂ]éltransiliuu table .

Present state
Yi¥a
00 o1 11 10

. = @ 11 ——#Unstable states
: - o @ —-+ Stable states

Figure 4.8 Transition table

input x
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: The rows of transition table shown in figure 4.8 represent input °x’ and
columns of transition table represent present state y;y;. The DRINOEE WOUED 5 Ay
transition table represent next state Y,Y;. The circle around Y;Y; indicate that the
state is stable. |

Step 4: Assign states for the binary values and plot the state table

Here present states and next states are 00, 01, 10 and 11.So assign a=0(,
b=01, ¢=10 and d=11. The state table can be drawn as shown in figure 4.9.

Present state

a by d [

n_@;@u
o | 2R Ley

input x

Figure 4.9 State table
Step 5 : Plot the output map
b
. a d C
0 i i
1 - - 0 I’

Figure 4.10 Output map

.Th-: output is mapped for all stable
shown in figure 4.10. For the unstable states,

Step 6: Plot the state diagram
By using the state table and output map,

input x=0 and x=1 as shown in figure 4.11.
output map for each stable state,

states which are indicated by circles as
the output is mapped unspecified.

‘ .dmw the next state transition for
Similarly mark the output Z from the
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“ ()
b 1
Figure 4.11 State diagram

Evamiple 4.1: An asynclironous sequential circuit Iras two internal states and one

output. Tle excitation and ontput Junction describing the circuit are
as follows.

¥i=x1x; + 2,9 + x2¥1 ' .
Yz=x+x1 71y + x5,
4= X2 +}'1
Selution: '
Step 1: Since the equations are directly given proceed to step 2.

Step 2: Plot the truth table

Here y, and y, are present states, Y and Yy are next states, X, and x, are
Sputs and Z is the output. Here the number of inputs is equal to number of present
iles, 50 we can write either inputs or present state first in the truth table as shown in

bleg 3.
First write the possible binary combination for present states and inputs. Then

i Z in the next state and output
hﬁ“bﬂltuﬁng the value of Xz, X1, Y2, ¥1 and e
%ﬁm find th ¢ states Yz, Yy and output Z. For the given input, i
“ﬁts Y.y, i: sami ::Timt of present stales ¥z Y1, then the state is said to be stable.

1
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Input | Present state Next state [ ‘Output | States
Xz [X1]| Y2 Vi Y | ¥h Z
ool o0 [0 0] O 0 | Stable
0|0 0 1 0 0 1 Unstable
0|0 1 0 0 0 0 Unstable
0|0 1 1 0 0 1 Unstable
0|1 0 0 0 0 0 Stable
0j1| O 1 1 [0 1 Unstable
ARG e E 0 | Unstable
A EREE e T | 1 | Stable
110} 0 0 | 0 1 Unstable
110] O 1 1] 1 Unstable
1 5. 0 1] 0 1 Stable
10 1 1 (I 1 Stable
1[1] 0 [ 0 [T 1 | 1 [Unstable |
e R ! 1 1 I Unstable |
141 1 0 1 | | Unstable |
11T [ 7 [1[¥r]| 1 [Stable |
* Table 4. 3 Truth table |
Step 3: Plot the transition table. |
Present state I':
. Yz¥u 00 o . ” 3 E
input xpx, :

00 00 | 00 | 00——»Unstable states
01 o ()| o
nlon fu @
o 10 | 1| @) | (O sisble states

 Figure 4,12 Transition table
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inputs X%, and columns of
TII:I:: number written in the table
Yy indicates that the state is stable

ansition table represent Present
rﬁptﬂsent next state ?EY].* Thﬂ l:-irﬂ!.

-
which is shown in figure 4,12, st

Step 4: Assign states for the binary vajyes and plot the state table

Here present states and next sta

t 3
y=01, =10 and d=11. The stae tap]e e are 00, 01, 10 and 11. So assign a=00,

can be drawn as shown in figure 4,13,

input 2%,

01

n
o @ '
a a a & —t—»Unstable states

| 4 d @ d
10 c d @ @——hﬂuhh:slma

Figure 4.13 State table .f

_—

Step 5: Plot the output map

Present state
a b d »

M, Wl mE W

input x3x; !

) 0 ' i E

1| o - eyl 2

Figure 4.14 Output map

is mapped for all stable states which are indicated by circles as

The output _
: the output is mapped unspecified.

hown in figure 4.14, For unstable stales,

O — -
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Step 6: Plot the state diagram

Figure 4.15 State Diagram

By using the state table, draw the next state transition for input NaXy = ﬂ'ﬂ.:
XXy = 01, XzX; = 10 and x,%; = 11-as shown in* figure 4.15. Similarly mark
output Z from the output map for each stable state. ;.

Example 4.2: An asynchronous sequential circuit is described by the fﬂﬂmwng'
excitation and output function. :

Y=X:X; + (.«"."1 +X5)¥
2=y
(i) Draw the logic diagram.

(i)  Derive the transition table and output map.
(iii)  Describe the behavior of the circisit

Solution:
Here Y is found on both sides of the equations.
Let the next state be Y* = X, X, + (X; + X2)Y
QutputZ=Y"*
Here Y is the present state, Y* is the next state, Z is the output and X, and X, are
the inputs.
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Figure 4,16
Present statc | Input | Nextstate Output | State
Y X, Xy Y+ 7
: s 0 0 Stable
0 Al 0 0 | Stable 1
o 1]0 0 0 Stable ‘
e 11 I 1 Unstable
: 0]0| ©0- | 0 |Unstable :
1 01 1 1. | Stable
L 1|0 1 1 | Stable >
4 L1 L 1 | Stable :;
Table 4.4 Truth table .

; The truth table should contain the present state (Y), inputs (X;, X5), next state
: )and ?Iltput *Z’. Here the number of présent states is less than the number of
50 "-"'l'ﬂ': the present state first in the truth table as shown in table 4.4,

st write the possible binary combination for present states and mputs Then
T bﬂl‘-‘ulmg the value of Y, X, and X, in the next state and output equation, find
Z. For the given input, if the next state YY; is same as that of present states

then ﬂlﬁ state is said to be stable.

i

]
il‘11
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ii. Transition table and output map

Inputs
X2 X,
00

1

Present sinte Y

L&)

®©

1 ]
|

©

ol

(EH
L

:

Unstable states

— Siable stales

Figure 4.17 Transition table

The rows of transifion table represents the present state ‘Y’ and columns of
transition table IE]]I.'EEEIH‘E ﬂm inputs K;K, ; 'I'hr: number wntt::n in the tah_

table. Here prc:scnt states and mext states are 0 and 1. So assign a=0 and b=1.

state table can be drawn as shown in figure 4.18.

Inputs
Xz,

Present siate Y

10

®

b

®

®

®

Figure 4.18 State table.

The output is mapped for all stable states which is indicated by circles. .,'

unstable states, the output is mapped unspecified.

Present state Y

Inputs

b

Xz

L]

Figure 4,19 Output map

" Digital Logic Cirali
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Plot the state diagram by using

the gt
sgire 4.20. ate table and output map as shown in

00 10

Figure 4.20 State diagram
iii. Behavior of the circuit

The given circuit gives the carry output of the full adder circuit.
43 REDUCTION OF STATE AND FLOW TABLES

Present state Next state, Output Z
: xy=00 | xy=01 | xy=11 | xy =10

| b,-
b a,- @,ﬂ d:_ S

i
!
4
'-.

. — e —

d 3 T f,' ) | =l

e bl f’- =
|
f B, @rf d,- o ke

Table 4.5 Primitive flow table.

%id“ a primitive flow table shown in table 4.5
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The tumber of states in the primitive flow table can be reduced by using 513: C.
reduetion technique. This is similar to stale reduction in synchronous .sequf:ntm_l
cirenits, State reduetion is nothing but reducing the equivalent states to a single stat; 3
Two states nre said to be equivalent if the two states produces the same next state and
sane output for each input. Here a; b, ¢, d, ¢, and [ are present states. ;|

Two tows of primitive flow tble ean be merged into a single row, if there is’
no outpul confliet and no slate confliets in any column, ;-

A stable state and unstable state can be merged to a stable state. The Spcciﬁﬁﬁj_
output is filled when specified oulput is merged with unspecified output. ¥

In the primitive flow table shown in table 4.6 states a and b have same next
states and outpuls so this states can be merged as shown below. [

Present state Next state, Qutput Z
xy=00 [ xy=01 | xy=11 | xy =10

= @ﬂ b,- il i “-I:
- .

b a, @,n di- | -,

E:f:m'._ iﬂ_ dﬂ dJ' E‘L*

Table 4.6
Here states a and b are reduced to a single state S,
(ﬂ.b]—rﬂn I
H L 1 I : :
state of .:fe udfn]:{:m=séaﬂtﬁ:igl :!"Eiﬂ Xy =00is ‘a’ and it is stable but the next
stable. n. itis unstable. So the reduced state is ‘a’ and it is.

The next state of ‘o’ when xy = 11 is un

s to b1y ; Spﬂﬂi.ﬁﬁﬂ’ but the né}.:‘t £ '0) |
when xy = 11 is ‘d’ and Itis unstable. So the reduced state is ‘d’ and it is it::a;le :
The output of state 'y’ when xy=00 is 0 and . .

' 1 T ]
xy=00 is unspecified. So the reduceq output s 0, he output of state ‘b’ when



e

qutput s HI?G ? ified. unspecified so the reduced
— e
Present state
'-;:-——--__ Next state, Oulput Z
=0 w2l
e Ol w=o01 Xy =11 | xy =10
c W
a it g e,- (?‘}’ 0
f + 5 @ 0 c,-
Redur:cd i . ‘L 'l' L
state S1 8, f,- @0 @,ﬂ
Table 4.7

In the primitive flow table state ‘c’ and ‘e’ have same next states and outputs,

Sothese states can be merged to §,.

(c,e) — S
Also the states ‘d’ and ‘f° have same next states and outputs. So ‘d’ and °f" can be
mm:gf«dtﬂ 51 )
(d, ) — 52
Present state " Next state, Output Z
- x::,r:[}l} j-:_;,l'=-'ﬂ1 :q.?=11 xy =10
f i @’ I C,-
d T 3
. ) 1 d §i N
el & S
ed 1 c,"
Reduczd . el R @1
State 2
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Present state Next state, Output Z
| xy = 00 xy=01 | xy=11 xy =10
So @ 0 @ 0 di= c ,-
s, 5 - 0 @ 0
S; a,- G), 1 d) 1 G-
'l;nbie 4.9 i{ﬂdum:d flow table

Two states can be reduced to a single state as given in table 4.10.

Equivalent state Reduced state
Stable state and unstable state Stable state
Stable state and stable state { Stable state
Stable state and unspecified state Stable state

Unstable state
Unstable state

Unstable state and unstable state
Unstable state and unspecified state

Specified output and unspecified output Specified output
Specified output and specified output | Specified output
Unspecified output and unspecified output | Unspecified output

Table 4.10

4.4 RACE FREE STATE ASSIGNMENT

To avoid critical races, it is necessary that present state and next state should
be given adjacent assignments. If the present state and next state are said to be
adjacent, if the binary value differ in only one bit. For exs_lmple 010 and 011 are
adjacent because they differ only in the third bit. The binary values 010 and 111 are

not adjacent because the first and third bit differs. Consider the reduced state ',
shown in table 4.11, 3
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Present state |

= Next state, output Z
Xy =00 Xy = 01

Xy=11 | x=10

| (8o |(®
L] g ]
® EE:‘ g
s I
5‘.I. ED'
SBUE. e CURILT
] .u- ﬂ'

53 Sﬂ:' Sz,l 5.0 1 g

| Table 4.11
Now if we assign 5y = 00,S; =01 and §; = 10

, Prescut stute | Next state A*B*, Output Z
xy=00 | xy=01 | xy=11 | xy=10
S0(00) 00,0 | 00,0 10, - ) o
- S5(01) 00, - | 10}, - ﬁl,n 01,0
S,(10) 00, - 10,1 10, 1 01, -
Table 4.12 State assignment without race free

Here if the present state is AB=01 .mIn:l input 18 :{}"=f.'1'1, the next state is
=10, Also if the present stal€ is AB=10 and input is 10, the next state
e 01. In both cases present state and next state are not adjacent. A race-free
Sigmen can be obtained if we add an extra row to the flow table. The first thrt‘:e
%fﬂm&ﬂm the same conditions a8 the original three- oW table. The fourth row 15

Bned with 11. Now the trans

e the transition of 10 to 01 for inpu

Atp+

ition of 01 10
¢ xy=10 must g0 through 11,

i o F
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4.20
Present Mext state A"'E_‘", output
state © | xy=00[xy=01| xy=11| xy=10
Se(00) | o00,0| 00,0 | 10,- | O1,-
5,(01) 00,- ||1],- | ot,0 | 01,0
s,100 | 00,- | 10,1 | 10,1 ||11,-
sty | Bl 1 e gl -

Table 4.13 Race Free State assignment

Smce the present states and next states dlffe.r by single bit, the circuit for.
flow table will be free from races.

4.5 INCOMPLETELY SPECIFIED STATE MACHINES

Sequential circuits in which some of the states are left unspecified are call
Incompletely specified state machines. In sequential circuits, not all combinations of
states and inputs are possible. For exampie consider the state table shown in .};
4.14. Here the state ‘b’ will never receive a ‘0’ Input and hence the next state u d
outputs are left unspecified hy a dash (-). In some situation, the state transﬂ:mns

completely defined but for some combinations of states and inputs, the output *-"Ell'
_ may be left unspecified.

Present state | Next state, Output Z
| X=0 | X=1
a d,1 b,0
b -y c,0
C a, | b,-
d a, 0 d,1 .'

Table 4,14 State table

In the state table shown in table 4.14, the next state of ¢’ is specified 35-';"
{for ﬂ'II: lﬂ]:ll.lt ‘1" but the output is unspecified as dash.When a ST:HE frﬂnﬂltlﬂﬂ# ._-.
ungpﬂc]fﬂd, 'Ihﬂ ﬁl'ml‘ﬂ hﬂhﬂ\flu[ of U'-'IE ErﬂquﬂﬂtlﬂI mﬂﬂ]ﬂ.ﬂﬂ: may bﬂd‘_’:ﬂ
unp]'f:dlﬂﬂbfe

e
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— el

£SIGN OF ASYNCHRONGI s ==
R ONOUS SEQUENTIAL GiRGuTTS

The p|l'l::I'-“r'ﬂ":l“-""ﬂ for designing asynchronous Sequential circuit is given below

'}'}FH

o bt S B o

. From the given description, draw (e st

ate diagram,
he state diagram.
iminating the redundant states by using

Construct a primitive flow table from t
Reduce the primitive flow table by el
state reduction.

Assign binary values to states based on race free state assignment.
Find output table by using a flip-flop excitation table.

Find the flip-flop input equations and output equations using K-map.
Draw the logic diagram.

Example 4.3: Design an asynclronous sequential circuit with two inputs X and ¥

witlh one onfput Z. Whenever Y is 1, input X is transferred fo Z.
When Y is 0, the output does not change for any change in X, Use D

 flipflop. |

Solution : It is given that X and Y are inputs and Z is the output.

Step 1: Draw the state diagram.

If Y=1; Z=X
If Y=0, there will be no change in output

11/1
won | ¢ oo

E{mr i
hl 11 1071
]

_ oo

0y b New states
1 - E — : \
000
[ Nol o new siale
XY/Z " -
00—
1141
d
10/0

Figure 4.21 (a)
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does not change.

Therefore XY=01 has the output Z=0 and XY=10 has the output Z=0. Assign
01/0 as ‘b’, 10/0 as “c’. Highlight a, b and ¢ because a, b and ¢ are new states,
input XY=01 can change to XY=11 or XY=00. The output when X¥=11 is |
XY=00 is 0. Assign 11/1 as ‘d’ and highlight it because it is a new state. ;

XY=00. The output when XY=11 is 1 and XY=003s 0. Assign 11/1 as*d’ and 00/0; '
‘a’. No need to highlight ‘a’ and *d’ because ‘a’ and *d’ are not a new states. :
this process for all new states.

Figure 4.21 (b) State diagram
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2 2 Emsmmt the P[‘i[ﬂiﬁ"ﬂi flow table

L :
Present state Next state, Output Z

XY=00 [ XY=01 [ XV=11 | Xv=10
a ﬂ b.- - c,~
b a,- @,D d,- "=
c A, - v | dy- | @0
d = | by | @1 | e,
¢ f- | o | 4 | @1
£ | @1 | b [ e

Table 4.15 Primitive flow table

Here the circle represents that the state is stable.
Step 3: Reduce the primitive flow table _

The primitive flow table can be minimized by merging the states .a, b,ctoa
single state “Sp’ because the next state and the output for the states a, b, ¢ are same. I|

{3.. h, E:l—l' E[r

Also we can merge the states d, e, f'to a single state °S," because the next

sizte and the output for the states d, e, f are same. '

{dr = f}_* S‘|
Present state Next state, Output Z ' |
NY=00 | XY=01 | XY=11 | X¥=10 : v,

S | 690 [ G20 | Siy- G0
S .1 | Su- | ©)! |

: Table 4.16 Reduced primitive flow table
epd, Assign binary values to states based on race free state assignment,

o Here, there are two states So and S1. So assign 8¢=0, =1 also, let the present
il be A and the Next state be A*. Let the output be Z. Since the present states and
States differ by single bit, the circuit for this flow table will be free from races.
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: Z
ext state PI-"-I -D'I.ltPUt
Present state E <7=01 Xy=11 | XY=10
A 0.0 T 0,0
[1} 0,- 1,1 1.1
Table 4.17 State assignment
Step 5: Find the output table. '
By using the excitation table of D flip-flop shown in table 4.18, dray ¢,

output table. ; 1

Digital Logig ¢,
In:t&t

A|AY | Dy
ol 0 [.8
0] 1.4 1
11010
111 1

‘Table 4.18 Excitation table of D flip-flop

Present state Flip-flop input D, Output L
XY=00 | XY=01 | XY=11 | XY=10
0 0,0 | 0,0 1,- 0,0°
1 1.1 0,- 0 L o G
Table 4.19 Output table

Step 6: Find the flip-flop input equations and output equations using K-map.

Assume ‘0" for unspecified outputs.

K-map for Dy
_m RY XY XY
Xy
] :
5 0 o 11 10
A 0 0 0

)

K-map for Z
W Ry XY xy
00 01 11 10
o| o o {8 | 2.
1] ] |
1 1) 0 |
4 1 ;
Z = AX + AY
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N praw the logic diagram
an
x Y AA
! Oh O [—
A
" X
Qu
Z=AXRAY
Figure 4.22 Logic diagram

Exaniple 4.4: Design an asynclironous sequential circuit that has two inpnts x; and

Xz and one ontput Z, The output Z=1, if x; changes from 0 to 1, Z=0,
if xz changes from 0 to 1 and Z=0 otherwise. Realize the circuif using

- JE flip-fiop.
Salation:
'.It-is given that x, and x; are inputs and Z is the output.
If x; changes from 0 to 1, Z=1
If x; changes from 0 to 1, Z=0
Otherwise, Z=0
$tep 1: Draw the state diagram

The state diagram for the given problem can be easily drawn using the
“agram shown in figure 4.23.
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11/0
10/0 =
(177 oono
11/ g
™ [¢]
' 01/0
oM b
*E-—
.. -r-m
R LS o
00/0 m:}
+1|.fu
B 10/0
: > r
K
00o/o
: a
Figure 4.23

Initially assume x5 x>=00 and output Z=0. ‘The input x;x3=00 can change
x1x2=01 or x;x2=10. If x; changes from 0 tol, Z=0. If x; changes from0to 1,Z=1.8
the next states of 00/0 are 01/0 and 10/1. Assign 00/0 as ‘a’, 01/0 as *b’ and 10/1
‘c’. Highlight a, b, and ¢ because a, b and ¢ are new states. Proceed this process fo

all new states. :
Now the state diagram can be easily drawn from the figure 4.23.

4.24 State diagram
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: Construct the Primitive flow table 5 I

Present state |
— Next stale, Ouipul Z
*1 =00 _-J_:Tx_':_:‘ﬁ‘r
— . =) 2 X1 X=11 x| .:l']_=1ﬂ
@0 %
b i ¢ e e, -
b [ o |0
c a,__ 4 s : @’}l
d o - .-
E : ] h"l- @I f._
f o h1- ®ﬂ f!'
EI" --I_ {:.‘ ] @“

Table 4.20 Primitive flow table
step 3: Reduce the primitive flow table

The primitive flow table can be m:mmized by merging the states ‘a’ and ‘c
masmglc state Sp

(a,¢)— So
ﬁlm we can merge the states ‘b’ and ‘d’ toa single state ‘S’
| (b, d)— Sy
"@Wﬁ can merge the states ‘e’ and ‘f to a single state S’
| (e, )— 52
Present state Next state, Output Z
11 x2=00 | x; %2701 |. %) =11 | xy x=10
9 .0 S ol B =3
51 0r- | &0 &), ! S2,-
S, So s - Siy - @, 0 ,0

Et@ 4 ﬁﬂﬂgmhm values to
Since ﬂ:lm are three states assign Sg=00, $,=01, 5,=1
h”m and the next state be ATB”.

=1
4
1 1
L

Table 4.21 Reduced primitive flow table

{he states based on race free state assignment.

10. Let the present states

- p—
i

e
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Present state Next state AYB¥, Output Z
AB x1 x2=00 | x; 22=01 | 2 x2=11 | X3 x=10
00 00,0 | OI1,- 10,- | 00,1
01 00,- | o1,0 | o1,1 | [id],-
10 00,- | [o1,- 10,0 | 10,0

* Table 4.22 State assignment

Here the present state AB=10 and the next state A*B* = 01 differs by two
bits.

Also the present state AB=01 and the next state A*B™ = 10 differs by two
bits. Since the present state and next states are not adjacent, races will be there for

the circuit of the above flow table. So by race free state assrgnment the above flow
table can be m{:dlﬁed by a new state 11.

Present state Next state AYB¥, Output Z
AB x1 %2=00 | % 22=01 | x; x2=11 | x; x:=10
00 00,0 -| -01,- | 10.- | 00,1
01 00.-. | 01,0 | 01,1 1], -
10 00,- | [M,- | 10,0 | 10,0
b SR ) S 1T T (S 10], -

Table 4.23 Race free state assignment

Step 5: Find the output table. |
: By using the excitation table of JK flip-flop shown in table 4.24, draw the
output table.
AlAY | I, | K, |
000X |
0(1]1]|X
(10 ]X|1
I O [0

Table 4.24 Excitation table of JK fli p-flop
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Present state | Flip-flop inputs 14 Ka, Jn Kp, Output Z
AB =00 _I|.‘1.'1=ﬂ1 xx=11 | %2~ 10
00 0X,0X,0 | 0X,1X,- | 1X,0%, 0X,0,1
01 0X,X1,- | 0X,X0,0 03, %0,1 1,X0,-
10 X1,0X,- | X0,1X,- | X0,0X,0 X0,0X,0
¥ 11 ot o x'll}:ﬂ!. i s xﬂ,}:l.'
Table 4.25 Gulﬁul table
Etﬂ‘ : Find the flip-flop input equations and outpul equations using K-map.
K-map for Ka

e O

W’ e ke N

AB
A 00 Lx\ x| 2] *
o | : H K 2

g o] ‘X ‘I\ X X
i < 14 9 ]

Aap U 1] ll\ 0 0
(5] 15 [d

'aﬁmﬂ 0 0 ’
| o i T 1)

Ka = BX1X2 + BX1Xz
K-map Tor Kp Ill:
q
Iy Ty X3 Xy Xz x4 %z .
XXz
\ 00 [i]] 11 i
AD '
75 oof | X X | 17( X
o ] 2
Ao 01 U 0 0 0
1 5 7 &
Yol
g 1| 0 | 0 J 0 i
12 (=) L L
A 10| X o I B B
X ] n 1 é
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I{;lllilF for Z

m o O o __..—'-""‘1'__.-
[
VL Dq ! -
- :
0 0
ap 1 0 s y 1 ! 4
ﬂ 0 0 L e
A 1D 0 . 9 1 n L= AEKT_KE + HEKI}[E

Step 7: Draw the logic diagram

xy X A AB B

Y1Y

I Qa

A
G

Qo

Qa

E [ O ,\.: T

Output ‘Z'

A

M e o BYE T . 8 s
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ample 4.5:Design an asynchronous sequential circuit that has two inputs X2
E'-j/ and X; and output Z. When X, = 0, the output Z = 0, the first change

in Xz that occur while X; is 1 will cause ontput Z fo be 1. The oniput
Z will remain I until X; returns to 0. Use SR flip-flap.

tion: It is given that X3, X, are the inputs and Z is the output
S0

If X,=0, Z=0 _
If there is change in X3 while X;=1, Z=1
Otherwise, Z=0
: g the state diagram
step 1: Lraw ‘ _ .
| The state diagram can be easily drawn by using the diagram shown m.ﬁgum
% 00/0
> a
11/1
0110 01/l
_P. =
L [0] >y
’ 11/1 a :
G XXy /Z *[d]
: 00/0 — 10/0
B E 00/o c
i i 5
100 | | -
+ 01/1 3|
140 _f__ s gz
E] 10/0
H
Figure 4.26 e
.t X,X; can change to Xa&i
Gbis =00 and Z=0. The Inpu" -2 then Z=1
- Initially Hﬁw xl:{'il-xlsr:; the output is 0. If ¥,=1 and Xz ﬂiﬂi:'-:gn sl
CUR0 MR Ie:ﬁ states of 00/0 are 01/0 and 10/0. Also ¢ new states.
@d =0 otherwise. So the o Highlight 8, band € because a, b and ¢ ar it
#,01/0 s *b’ and 10/0 25 I’;.' 4 *c’. Proceed the same process for all n€ o e F
Then find the next state of b ]:: w the state diagram can be easily drawn
Emdﬁ ) 1 -"_i f:
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- Figure 4.27 State dia_grﬁm

Step 2: Construct the primitiv'ﬂ flow table.
Next state, Output Z

Present state :
X, X;=00 | X3 X;=01 ¥ X=11 | X3 X=10.

T Ge | | &

h - 1E:-- : @.ﬂ d-,' -

o | = A
! i
- .
i i
iy - ey
- -
i P
= el
] 3
£ ]
i ]

Table 4.26 Primitive flow table
Step 3: Reduce the primitive flow table o ¥
The primitive flow table can be minimized by merging the states @
to a single state Sy’
(8, b)— Sy _
Also we can merge the states ‘c’ and ‘e’ to a single state ‘S1’
' (c, €)— S
Also we can mergﬂthe states ‘d’ and ‘f to a single state ‘S’
- @ N 51
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€5
Next state, Output Z

. X, X
1=00 Xa Xi=01 Xa Xp=11 | X, X;=10

=
So 9,0 ©0 — —

SI Sﬂ:' : SI‘- @u @ n
52 Sn‘- @’1 @1‘ 5'1:-

[

Table 4.27 Reduced primitive flow table

|
Gep dz ASSIED 01T
1 inﬂd' there are three states assign, sﬁ#ﬁﬂ’ 51;:0'] and 8,=10.

binary values to the states based on race free state assignment.

| Present state MNext state ATB™, Dl.ltpl;,t Z
AB o X1=00 | Xz X1=01 | Xz Xi=11 | X2 Xi=10
00 . 00,0 00,0 10,- 01,-
01 00,~ | [~ | ©1,0.] 01,0
10 00,- |- 10,1 0,1 | [oi.- |

Table 4.28 State assignment

Sinc ‘the states Sg, 81, Saare two bits. Let the present states are AB and the | ']

{states are A 'rB+.

_10 and the next state A*B* =01 differs by two

next state ATB* =10 differs by two bits.
e and next states are 1ot adjacent races will be there for the 'hi
table. So by race free state as:signment the above flow table 1
which avoids the critical races. &
- Next state ATBY, Output Z
3 X0 | Xe Xo=11 | %2 X;=10
— 00,0 10, - oL,
[,-. | 010 01,0
10,1 10, 1 . -
| — =

Ll
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Step 5: Find the output table.

he excitation table of SR

{lip-flop shown in table 4.30, dray, the

By using t
output table _ :
AlAY|5a Ra
o|lo|0[X
o|l1]|]1]09
1] 0] 6.1
1(1[X]O

Table 4.30 Excitation table of SR flip-flop

Present state | Flip-flop inputs Sa Ra, Sg Rp, Output Z
AB Xz Xi=00 | X2 X,=01 | X2 X;=11 | X; X;=10
00 0X,0X,0 [ 0X,0%,0 | 100X~ | 0X,10,

01 0X,01,- | 10,X0,- | 0X,X0,0 | 0X,X0,0

10 01,0X,- | X0,0X,1 | X0,0X,1 | XO0,10,-

11 ~=- | X001, === 01,X0,-
Table 4.31 Output table

Step 6: Find the flip-flop input equations and output equations using K-map.
Assume ‘0’ for unspecified flip-flop inputs and urispecified outputs.

E-;,;n:p for 5, ' K-map for R,
12% Xa¥a © XXy XuX
X, " % : XX, . XX, Ra¥; Koy Kok
= O o 1 10 Nk
. 0o 01 11

LT ST
Bl o[l e, E""U =
o

10
X
: : i 3 1
1 0 g, -
| ? . i AB 01| X b x |[x
b 4 5 1
AB 11 |
AB 1| o 0 0 1Y
12 13 15 :
AB 10
AE 10 1 0 0 0
[ ] ]
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]-M'SI] B

i
iy
I:'! , I,Lil KXy XX X%,
w a0 o1 1 10
rR s =il
s i 0 0 B
% 0 o ! 1 : 1
{ 0 X X
1 I i 5 ’ %
i 0 0 0
AB 2 13 15 * "
i L1 0 0 0 i .
A 8 9 ul b
Sp = XX,
-i;pl[lf“'RB
. X Kok 7% R S X%
Mzd1 a0 0 11 10
AB
goal[x]| x| *[]°
i 3 £
ool P
4 3 4 -

7 = ABX4




: Dlgifal Lﬂ'ﬂil‘; o :
4.36 | Sl Ty,
X2 X, A AB B I =
—
—
Sp Qu ]ﬂ
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- Ry E—" "__E'—'——-
} So Qa —‘L———-.
B A
1 | B
=0 e B IR
H—e
T 3

Figure 4.28 Logic diagram

Example 4.6: Design an asynchronous circuit that has two inpufs xy and x end
one output Z. The circuit is required to give an output whenever i
input sequence (0,0) (0,1) and (1,1) received but enly in that order.

Design it using T flip-flop. ;
Solution:
Given that x;and x, are inputs and Z is the output,
If the sequence (0,0) (0,1) and (1,1) ai'rlves Z=1
Otherwise Z=0
Step 1: Draw the state diagram _
" The state diagram can bg easily drawn by using the following diagram Shﬂ$

i'u, ﬂElIIE 4-2? mﬁﬂw x!x1=ﬂﬂ H—“d GUT.]}'I_!t zzﬂ* The input lezsﬂﬂ
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4. ‘
|
nge 10 X1%2=01 0rx16:=10. Proceed (e g

. ! eps and assign states. Also highlight new
{es- Th'ﬂ EIIHF‘EH W‘l" hﬂ Ezl |f ﬂ'l& Eﬂqut-ﬂtﬂ {ﬂ‘[}] {EJ] and {131} arrives. So state
pas output 1. Now the

1 state diﬂgraul h ¥ . g
: - can be casily drawn by using the figure 4.2
in figure 4.30.
u5 shown!
00/0
i i
01/0
= 01/0
-F-E] 4
A T
wi | L3
o0 ! 10/0
Ei 00/0 ¢
> a
+Iﬂ.l'ﬂ_
EI 01/0
110 b
| EI 10/0
“ " 1 . ;
Figure 4.29 Figure 4.30 State diagram
i
i:p 2: Construct the primitive flow table
Present state Next state, Output Z
x1 X2=00 x1:r:1=ﬂ1[x1 x=11 | %1 x2=10
a - D | b,- -, C,-
b a,- | @0 | ds- :
L e,- @,ﬂ
c a,;= s
b,- @,! G
d ] . @ﬂ 4
[ = T | 1 =)

Table 4.32 Primitive flow table

e flow table

Step 3; Reduce the primitiV .
can be minimized by merging

The primitive flow table
® 10 3 single state ‘So’
I {-a, b, d)— So

the states ‘@’ ‘b’ and



|
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438 e

[ [ ﬂSiﬂ c state cs *
Also we can merge the states ¢’ and ‘¢’ 10 ! gl :

(c,e)— S1

Next state, Output Z
x1 %=00 | x102=01 | X1 x=11 | x1 x2=10

] Si,-
Eﬂ @] @u @" 3
31 Su,' EEI:' @Jﬂ @ﬂ]

Table 4.33 Reduced primitive flow table

Prescnt sialc

Step 4: Assign binary values (0 the states based on race ﬁ'eg: state assignment,

Since there are two states, assign S¢=0 and S;=1. Also assign the unfilled
states as initial state ‘0’. Let the present states be A and the next state be A* Site
the present states and next states differ by single bit, the circuit for the flow y,
shown in table 4.33 will be free from races.

Present state. Next state A*, Output Z
A x1 Xx7=00 | x; x:=01 | x; :ﬁ=1 1| xy x=10
0 0,0 0,0 [ 0,1 1,
1. 0, 15 02 2% 1,00 150
| Table 4.34 State assignment !
Step 5: Find output table |
??" using the T flip-flop excitation table shown below. Plot the output b
| AlA* T, ' |
o(o0|o0 ‘ :
011
11011
Ll |©

1 Ex-:itatiﬂn table of T j‘lip-fhﬂ‘rl.il |
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o
Present state

Flip-flop inputs Tx , Output Z

gtep g F

As
e f|-il- 2% ¥ Xy
%n. T NN
il 0 0 0 @

: 1 0 0
Al Eji &

U= A x1 x2=00 x1x5=01 | xy x2=11 | %y 1'1=”]
0 0,0 0,0 0,l 1,-
e ] 1 [ I g U ¥ D [I ¥ [I
Table 4.36 Output table

nd the flip-flop input equations and output equations using K
sume ‘0" for unspecified flip-flop inputs and unspecified outputs.

-map.

K-map for Z
2, % £%a X% *1 f’.
x

]'TI “I. I'I_ 1{.
A 9

A 0|0 0 @ d
o 1 3 l.

0 0 0 0
Al ¢ 3 5

= E, 3 E:{;LH:

et
e e




Example 4.7: Design a T fTip flop using logic gates.

Solution:

The T flip-flop has one excitation input and one r.:.lunk Enpu.L But here we yg,
another input P, that will function as a clock. The T flip-flop WI]! change Efﬂ_.te_ i
T = 1 and when the clock (P) changes from 1 o 0. Under all other input conditiong,

output Q will remain constant.
. We assume that T and P do not change simultaneously. The state diagram for
a T flip-flop can be drawn as shown in figure 4.32.

Figure 4.32 State diagram
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4.41

.I.'-I Siﬂglﬂ Etatﬂ tsu,

Table 4.37 Primitive flow table

The primitive flow table can be minimized by merging the states “a’, ‘b’ and

Eincelhﬁrt‘:an:thrﬁ

e states assign, S0

(a, b, c)— Sg
. d— 5§ |
Et‘"' we can merge the states ‘e’ ‘£ and ‘b’ to a single state *Sy’
L @b S
g— 53
-'.Prbsent state Next state, Output Z
' Tp=00 | TP=01 | TP=11|TP=10
So _@ﬁ_a—-@ﬂ Sia= ?. Ei
Sy -y" %: ; '?; ':.]' .8, : .I
' 1 .
: @i Sa,s- _@1 8.
_T;h]n 4.38 Reduced Primitive flow table

=00, 5,=01, 5= 11 and S3= 10.
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Present state et state A* B*, Output Z . -
AB Tp=00 | TP =01 TP=11|TP=10
00 ﬂﬂ,ﬂ ﬂﬂ,ﬂ 01, - ﬂﬂj[}
I:” = ﬂﬂ.' '}]gﬂ ]11-
11 ]],I I.Ig.i !-u:-' l],l
]ﬂ -y I]sn' Iﬂ,l ﬂﬂ,-
_ Table 4.39 State assignment
Since we are not designing using flip-flops, assume ‘don’t cares’ fy;
unspecified.
K-map for A* - K-map for B*
i T TP TP TF - - L
0o o 11 10 TP
il AB = s 11 1
AB oo i L
o | .| @ -8 AB | 0 0 —IL :
1] 1 -
A o xl 0 0 s e =2
l‘ o| Pall o B _JF
: 4 5 2 :
A.B 11 ; 1 ] ; "
' ol | w l|.; bn ag- 1| (1] q ; L‘
; 12 13 15 "
AB 10 ¥ | 1 ] | i
II. o 'h. Iq (1} 2 J
R A* = BP 4 AP ,
- | B* = AT + BP +ATP
K-map for Z P+
pr . %
AB M L] 11 10
A5 w0 21 NS N [ ]
i 3 2
AB 01 X
X
Ll 4 g 0 ; X
L3
AB 11 (1 =5 i
= L 5 1 qa
AB 10 er X ' Zoim i

Digital |,

1




D_ Output . Z

| D—:D“ .

L 5 ; |
==

Figure 4.33 Logic diagram

Example 4.8: Design an asynchronois sequential circuit with inputs A and B and
" an output Y. Initially and at any fime if botl the inputs are 0, s
output ¥ is equal to 0. When A or B becomes 1, Y becomes 1. When

the other input also becomes 1, ¥ becomes 0. The oufput stays at 0

until circuit goes back to initial state,
Solution : It is given that A and B are inputs and Y is the output.

If A or B becomes ‘1°, then {he output will be Y=1. But if both A and B are
1", then the output will be Y=0. For other cases output will be Y=0.

ep 1: Draw the state diagram-

The state diagram for the given problem can be easily drawn using the

figram shown in figure:4.34; The different states are a, b, ¢, d, e and £.

; .t_l_.'u;
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Mew sialcs
00/0
™ o
00/0
+D|ﬂ - i | T
E 11/0  Not a new state
11/0 d
AB/Y *[4] o
00/0— 10/0
0000 ] a
nl 11/0
KR “'
1100
*d
Figure 4.34

| _i;figure 4.35 State diagram




g; Construct (€ primitive oy, .\
o I

—__-_-_-_-_'
PmSEﬂtslntE
N
?ﬁ:ﬁﬁ“:;i__mﬁ’ﬂllmnnr
T T]En] ——
Rys i 3
A o @1 | 4. '
d e ‘ di- @,]
e o e,- @»'ﬂ f’_
f Digl 517> € IR ISR
a,- 20y 3
: - d,- @D

. Table 4.40 Primitive flow table
"Here the circle represents that the state is stable
Reduce the primitive flow table

' ‘Pn?um’ﬂ flow table can be minimized by merging the states a, b, c to 2
sstate ‘Sy’ because the next state and the output for the states a, b, ¢ are same.
(a, b, c)— Sp

_____ wr.: can merge the states d, e, f to a single state *S,’ because the next
i thy T]Itpllt for the states d, e, f are same.

.:"?{ﬂ,ﬂ;f)—-r S

l . Present sltat-: Next state, Output Y
: AB=00 | AB=01 | AB=11 | AB=10
So B0 | Gl | Sie- o 1
S, ;z,_ﬂ-:_r @), 0 _@.ﬂ Sy, 0

Table 4.41 Reduced primitive flow table
ased on race free state assignment.

5 S and Si- go assign So=0, Si=1- Let the prrs»z:t
tﬁt"’ +_ Since the present states and next stales differ by

e will be free from races.

&N’ &ﬁ!gn binary values fo Stafes b
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Present state Next state Q*, Output Y
Q <5=00 | AB =01 | AB=11 [ AB=10
0 F ﬂrﬂ njl 1:' D,l
i 0.~ | 1,0 | 1.0 | 1,0

Table 4,42 State assignment

Step 5: Find the output table.

By using the excitation tabl

—L0,

e of D flip-flop shown in table 443, df&wﬂk

output table.
|QlQ"|D
0|0 |0
0] 1|1
11010
| R E
Table 4.43 Excitation table of D flip-flop
Present state Flip-flop input D, Output Y
Q AB=00 | AB =01 | AB=11 | AB=10
0 G0 s e
1 0,- 130 | 7.0 10
_ - Table 4.44 Output table
 Step 6: Find the flip-flop input equations and output equations using K-map.
Assume ‘0 for unspecified outputs,
K-map for D ' T p for Y
S
: AB AB i Al o AR AB AD AB
9% =B LS . 00 o1 o1
Q 0 0 0 ] :
.. (] 1 ] 1 u 7 ﬁ n ﬂ @I ﬂ @
i : = 0 I Nt ]
Q 1| 0 [_I ]
Ul ‘Q*__‘jﬁ Qtf o [ o [ o0
4 5 - 4| I
D=AB+ QB + ST
iy RA Y = QAB + QAB
L Y @B +AD)

Y=Q(A®B)
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siep ™

Draw the logic .diagmm
A B Q0

R o
.“\@lngﬁ
}

L

L2

-

)

T ]

| DE ﬁ{AéE)

Figure 4.36 Logic diagram

t;,-
=1
5
1
]
S
=
S
@
Ly
:
:
=
=
=]
a
o
2,
=
=
=
-
=
£
B
8

'.-, s are of two types,
o Critical race
Non critical race

-: ", tical race 5
e circuit to go to the same wrong state. Then 1115

If: - ‘input change induces th R e
i & t be avoided in an asynchronous circuit.

'”'_|_-:‘.|I= races. ertiﬂ;ﬂ] races mus
"_[_- ﬂm low table shown in table 4.45. Assume that the

e, ider x; i 0.
{AfRY = 0), XXz = 01, AB=00. Consider X is changed from 110

circuit is in state
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| o’ o state ‘a’ (ATBT = 11). But due
riables becomc 1 and other remaing g
= 10). IfA*B* bﬂﬂ{:nme 01

The circuit begin to switch from siate

unequal propagation delay one of the stilc va A
(the next state A*B* become either AtBY =01or

- a2
the circuit goes to wrong stable state b'.

Next state ATB™
X1Xa2 = 01| XXz = 11 | XXz = 10

Present stalc
AB XqXa = 0n

w |1 @ |0 @ [11 @ [0 (
o1 |(o) ) M |11 G (n)

11
no w0l @ @ ® |10 ©

10 (d |00 () |11 (D |00 (p)

Table 4.45 Flow table

If A*B* become 10 the circuit goes to wrong stable state “d’. Hence the final
state will be wrong for either stable state b=01 or d=10. Because the circuit has to
switch from 00 to 11. This situation is called critical race.

m)

4.7.1.2 Non-critical race

Consider the flow table shown in table 4.45. Assume that the circuit is in state
‘e’ (A*B* = 00), x;x, = 01, AB=00. Consider x, is changed from 0 to 1. The
circuit begins to switch from state ‘e’ to state ‘i’. But due to unequal propagation
delay one of the state variables become 1 and the other remains 0 (the next staie
ﬁ*EF"' become either A*B* = 01 or A*B* = 10).

If A*B* becomes 01 the circuit goes to 11 (state j) which is unstable state and
then finally the circuit goes to stable state *k’.

If.A"B" hﬂf.‘.{]‘me 10 the circuit goes to 11 (state 1) which is also unstable state
and then finally the circuit goes to stable state ‘.

Here the circuit reaches a correct final stable state after transition through
unstable states. So we can define critical race as, if an input change induces the
circuit to a wrong state which is unstable will finally reaches a correct stable staté
This condition is known as non-critical race,
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| Consider the flow tap),
it ally stable at state ‘k*, 1,
ges to 0 I:Hlxz = 1':!)

table. For the preseni s

:*34, = 00 (state p) which i::::migrm

e cireuit switches to A*B+ i

AB=01 and X1 Xz = 10,

shown iy table 4 45

r ' 3
© the inpy jg Consider that the circuit is

Xo =

e bﬁcn:‘nz 1:1; Now when the input x,
and y o o =10 (state o) which is
For (he %2 =10, the circuit switches to
= 01 (state m) M‘[;T‘:E{:q“_ slate AB=00 and x;x, = 10
the circuit ew: €l 15 unstabl :
Circuit switches o A+p+ = 10 {Et:l:s];?)ri? E"F“mbfm‘*

ich is stable.

Here the circuit has
gone through unstable states o, p, m and finally reaches

he stable state n. 50 if an input change

g ge induce ' i

an one unstable state, then such a sjqy stiin s ksniiﬂihi;kllmnsumn through more
ClE.

- Hazards are unwanted switching transients that may appear at the output of a
 circuit because different paths exhibit different propagation delays.

& In a_mmhinatinnal circuit, hazards may cause temporary false output. But in
s pential circuits hazards may cause a transition to d wrong state. -

A hazard can be classified into,
L 4 Static hﬁzarda

'b. Dynamic hazards

o c Essential hazards
Static Hazards

‘A static hazard is a hazard thal 0CCUTS inc nal ci
: T' e momentary incorrect output due Lo change in a single input v

ﬁﬁ" _-:is Expectt:d to remain :n the same siaic.

The static hazard may be eithe

ombinational circuits which results
ariable when

¢ Static-0 or Static-1

il the output momentarily goes ©

: variable, :
le inpul pe of hazard 18

Mie k. in sin
Jie fo a change in SINE (o remain in state-0, Then such ty

hen the output is expected
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circuit shown in ﬂmm‘

= ¥ r 1
Consider the following combinationa

X _} [:1 : I
x
" b
Ga
Gz
X3
' ; !
X, =0 ! 0 ' ) :
I Y :
i : i
Xz : 0 : .] ;
: 5 E
Xs =0 3 0 ! 0 :
. g . : i
— : i
Output of ! 1 — o U ;
inverter | i T_ 1 :
. i Propagation delay of inverter
Output of*) 1
G | 0 ! .’
- i i i
Output of G | ] : 0 |
E H 1
OuputY! 0 ! 0 :
Tgmin-n hazard
Figure 4.38 Timing diagram

Initially assume x, = 0, X, = 0 and x; = 0. Therefore the output of Gi is?
the output of G; is 1 and the circuit output is 0. Now consider x; is changed f,ngl
to 1. Then ﬂfﬂ output of Gy changes to 1, the output of G, changes to 0 and the “iﬂ,ml
output remains 0. However, the output momentarily goes to 1, if the propagit™”
delay through the inverter is taken into consideration, The delay in the invert®
causes the output of G2 fo remain 1 until the propagation delay completes: o

during the propagation delay, the outpiit'of Gj is 1 and the output of Gz is I+ He
the output of the circuit is 1, during which causes static-0 hazard |
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qo to & change in single input yopey

Jhen the flutput is expected tg Temain j
tatic- azard.

» if the output momentarily goes t0
" State-1. Then such type of hazard is

xr-_
Tl

Xz

o

e
G,
X3

-;-r:' Fig'llﬂ! 4.39
?‘-1.
| i‘ .-1-31' the combinational circuit shown in figure 4.39

: -. 4

X =1 E : E 1 :'.
| 'i : :~
" 0 i |
Xz E i 1— : |i

1 lI J.

" " | 1 | |
:'-r__ Xy = 1 E 1 i 'II: i
'.';'_:I".I i : £ I

. 1 : 0
oy II -_*: ‘l 1

Output of i 0 _hLE__ propagation el of inverter
- Qutput of 1:'— 1 L_____L—’-"..
i 4 L
. i 1 \
] ﬂ I .I
Ouputof Gz} ___—— & -

£
=8
V o

Static-1 hazard

-E'-i i
-
T'

‘ i' r E"E:L' o 4 -'_

* pigure 440 T
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Initially assume x, =1,%x; =1 and X3 = 1. Therefore the output of G, i

1,the output of G; is 0 and the circuit output is 1

Now consider x; is changed from 1 to 0. Then the output of G; changes 1, 0,

the output of G changes to 1 and the circuit output remains 1.

However, the output momentarily goes to 0, if the propagation delay thrq ligh
the inverter is taken into consideration, The delay in the inverter causes the outpyf of
G; to remain 0 until the propagation delay completes. Hence during the Propagati,
delay, the output of G, is 0 and the output of G is 0. Hence the output of the cjrey;

is 0, during which causes Static-1 hazard
4.8.2 Dynamic Hazards

The output changes three or more times when it is supposed to change fmn{n
to 1 or from 1 to 0, ' |

SNl 0

Figure 4.41 Dynamic Hazards

483 Essential Hazards

Essential hazard is a type of hazard that exists only in asynchronous
sequential circuits with two or more feedbacks. It is an operational error generally
caused by an excessive delay to a feedback variable in response to an input change.
Since the essential hazard is caused by unequal delay along two or more paths. These
hazards cannot be eliminated by adding redundant gates as in static hazards. Such
hazards can be eliminated by adjusting the amount of delays in the affected path.

4.8.4 Design of Hazard Free switching circuits

The Pmd exists because of the change of input results in a different product
terms covering two minterms or different sum terms covering two maxterms. Static
and dynamic hazards can be eliminated by enclosing two minterms or maxterms. The
static-1 hazard occurring in the circuit shown in figure 4.39 can be eliminated 3
follows. The output equation of the givel circuit js ¥ = X1Xp + X3Xq
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Pressi
L £ On can
fuxs 33 2X3 XaXy y 2, be dr&m as fﬂ-ltuwg
01 11
II e 10 ¥151£] -!Ex] ;"IJ:J -"'i.f:
oo m Xy e ol I 10
0 1
_____3_________1_- -E] i |
1 1 1 3 L ﬂl i 1 : 2
4 5 6 I]_Iz - ‘:'I - -
Rt ] 1 oy
g Tyx X%
Figure 4.42 ’ o
Figure 4.43

By enclosing the twg minterms by anmher m_mterm's
X1X3, We get

Y=%XX +xy%3 + % XaXa

X1

Figure 4.4 Hazard free circuit
Example 4.9: For a given Boolean function obtain the hazard free circuit,
F(A,B,C,D) = ¥m(1,3,6,7,13,15)
Solution; Hazard free circuit can be designed using following steps.

Y=x%+ X1X3 + X;x5

(a) Group the minterms using K-map.
(b) Enclose the grouped minterms and find the expression.

(¢) Draw-the hazard free circuit.

¥
-

'
- i
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. tDh Ch (w1} a
;g & @ o 01 1
S it & A% _‘-hh‘l‘.%
[ 1 l : 0 :j' |
o b : - : i:"—j--.._____;-_.
AB 01 W
s o1 l I jﬁ 4 5 |1 I' 1
4 ] ; —"r---._____i_‘
: @ AB 11 I L 1. :l
AB 11 o Ejﬂ ” 12 i
] | AB 10
. 3 | n 10 d 9 I i
Figure 4.45 Figure 4.46
F(A,B,C,D)=ABD + ABC + ABD +ACD + BCD
Logic diagram Y
A B C D
| ABD
' ABC
- Dﬂgn" F(A,B,CD)
.F A

£
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X3. If haza
type of hazard and design-free ﬂrc:::rh ARkl Gepletn

sodio”
The logic diagram for the giv |
BIVED expression [ = x,x; + X1X;3 is

: o)
- .

s P Tl

x; [ L=

Figure 4.4ﬂ

e output momentarily goes 10

Due to a change in single input variable, if th
1. Then sucht}-penfhazﬂrdis

when the output is expected to remain in state-
wid fo be Static-1 hazard.
:national circuit shown in figure 448

Consider the comb
X3 | i l,_ 2 =)
1 | i
] i ]
— ? :
¥ = e 1 | 1 1 I
! I : ‘,
I.—-—-—-__ :r : 1
X3 =1, | ' ! E "
m.,.ur_”u,,:"{: |
iverier r - propagation felny of irverter
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4.5 Shm e e
e

1. Therefore the m

TGI 3

=1,x==13ndxg=

-rouit output is 1
to 0. Then thit output of G, s
putput remains 1. gesy, '

Initially assume X1

the output of Gz 18 0 and the €
:c changed from |

| and the circuit
entarily goes 10 0, if the propagation de)
consideration. The delay in the inverter causes tha!l' th
pmpagﬂtinn delay completes. Hence during the e m"FlI{f
E[m-&

Now consider Xy
the output of Gy changes to

‘However, the output mom

the inverter is taken into
Gy to remain 0 until the
0 and the outpu

delay, the output of Gy is
is 0, during which causes Static-1 hazard

- The static-1 hazard occurring in the circuit shown in figure 4
eliminated as follows. The output equation of the given circuit is B o b

f = XqX3 ‘I“II_IIE
The K-map for the above expression.can be drawn as follows

TX3 XX =

]:SEIEE E]I} x.i.':rxi xzfa
- 00 o1 11 10 XaX3
Tl B _ : po 00 01 11 10
Z; 0 -_______.--'--' I : ;
(] Ej‘ Xy 0 T}
- 3 3 . l : 'I ! f__-_l';rj
o | 1
i 1
Mo 1 1 Iq._ ' :i
: bd 3 : . XX X 1 c:
) - I
& 3 - 3 - &
Figure 4.50
' Figure 4.51

B y enclosin
d g the two min
Y=53 terms by another minterm
: X33 + x1%;5 4 %,%s : S Xp X3, We gel

X1

X2
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o 4112 Implement the s :
" 0,14,15) i

ot
Group the minterms using K-map,

by a static haz .f:l;rmﬁm, F(A,B,C,D) = Tm(1,3,5.7.5
ard free two level AND-OR gate network,

@
gnclose the grouped minterms o
1'::]' praw the hazard free circuil, nd find the expression.
| Gren FAB.GD) = ¥m(1,3,5,7,8,9,14 1|5:1
. o D Ch chi :
&ﬂ oo 01 1 ¥ RN gp fp C@ OP
AR 00 "I!l S 11 10

AD -
i

| 1 ! \
0 | : i . AB 00 : I._Iﬂ:-

) el Y

o) el ]

B

J 11 .

i2 13 1% 14
i
1 | ey B i
ij 1 10 A _EE'I
Figure 4.53
F(A,B,C.D) = AD + ABC + ABC + BCD + EFD

._j_l"h .I_"_ i

Figure 4.54

_—
SNimE FABCD)
- .l- Kl -_-- i
A Figure 455 Logic diagranof hazard free circuit

t_,?s
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¢ realization for the following Bool,,,

' 12: Give hazard fre S
Example 4.1 F(A.B,C,D) = 5 (0,2,6, 7,8,10,12) %{
Solution: Hazard free circuit can be desi

G the minterms using K-map. - |
E; E;?:Es: the grouped minterms and find the expression.

(¢) Draw the hazard free circuit.
F{ﬁ, E. l:, D) = zm{ﬁr 21 ﬁ.l ?I E’F lu‘ 12}

gned using following steps,

th to cD cb ch to o

ch ]
CD (1]1] 01
00 01 11 10 11
e AD s i}
ABoo| 1 I LI AB 00) 1 ‘ T
0| 1 3 3 | v 1 3| Pt
AB g1 1 1 AR 01 1 |
o | _ S e
AB 11 I-_lq-l ' AB 11 —l‘
: 12 13 15} Ml _ 12 13| 15 il
| |1 |1 ¢ AB 10| | 1 |
: l_’t- 9 1 to] jL 9 | (—“'I

ranee Figure 4.57

| F(A,B,C,D)= BD + ABC + ACD + ACD
Logic diagram
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/;L/@Errﬂmuc STATE MACHINES (A
SM) G

=

. . resentati
o s ﬂ] circuit. An ASM chart diﬂeiah?n that describes the behavior of &
‘.gnl:lﬂﬂﬂl flow chart describes the Tom a conventional flow chart, @
gj;gﬂﬁ without concern for their tim Pml"-"-'rfhll't steps and decision path f,m.lﬂl'l
" g relationship b S A0 i
o 0B p between the states and outputs. ASM chart also describes

ASM chart
A ASM chtart mainly consists of three elements.

1. State box
He Decision box
3. Conditional box

gtate bOX
State box represents one state of ASM. Itis rectangle in shape-

atry path and an exit path. The name of the state is written on
qate box. The binary value of the state is placed at the UpPEr right corner. The output

isspecified inside the rectangular box.
Entry path
010

ABC *— Binary value for

state S
Sz

Exitpath
Figure 4.60 Example

Figure 4.59 Staté box’
- i input the
isi : ‘hes the r;:ﬂ'r:nt of an input on
Decigigf:mmm bn]::: e box with single entry path and
e % dia.tnnnd box. }f the

S
d 2 written inside the
Pl The input conditio? = i and i e another exit path

control gubsysten.
{wo OF more exit

tested is :
if the condition 15 fal
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Entry path \

Exit path 1 )
Exit path 2 . Exit pay .

Exit path 1 |
Figure 4.61 Decision box . Figure 4.62 Examme

 Conditional box
Conditional BoX is oval in
from one of the exit paths

shape. The entry path of a conditional boy
of a decision box. The conditional uutput:"-in
' €

comes
written inside the conditional box.
Entry path (from decision box)
i Conditional outputs
: i

Exit path
Figure 4.63 Conditional box Figure 4.64 Example
Example 4.13: Draw the ASM chart for a mod-5 counter.
Solution: i B
Let a=000;
b = 001;
¢ =010 ;
d =011;

e =100
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: I 000
l_31'=u- Za=0, Z3=0

l 001
@ E|=D| 2'1'=u. L=

L oo
z=0,z=1,z=0| T

v o1l
Z=0,Z;=1, Zy=1

v
E1=]13;‘ﬂ.23='ﬂ
), . (o o ot

~ Figure 4.65 State diagram Figure 4.66 ASM chart

W 4.14: Draw the ASM chart for a 3-bit up/down counter.

100

O ORI

Eklly o

AT
A LEp

" Gonsider a input “x". If the is input x=1, the couner works as  up counter. If

feinput is x=0, the counter works as a down cou b 101 |
.4 = 011: e = 100; f = 101; il

nter.

¢ 4,67 State diagram
Figure

i
i

]

.

Jea

770
.
J b
- L
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g8 - nml : @ Z=1, Z;=0, Z;=0 |

»

: Figure 4.68 ASM chart for 3 bit up/down counter
Example 4.15: Draw the ASM chart for the state diagram shown in figure 4.69.

Figure 4.69 State diagram



' 1005 sequential

7 ()

Circui
Cuits and F'rugrammahlllty Logic Devices

7 et 71, Z2 be the outputs and y pe the input
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Figure 4.72 ASM chart i-
4,10 MEMORY Vo
_____--'-'-.-
is one storage Jocation 224

an addres
store is its capacity Fach
t of data.

Memories are made up of registers. Each register
each Jocation can store one or more bits. Each location is identified by

Generally, the total number of bits that a memory can
[ storage elements which stores one bi

_-__.-—-"“"."

register in memories consists 0
4.11 CLASEIFIGATIGN'DF MEMORIES

Memories are classified as follows.
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Mﬂ'l‘:‘lurjr

3

A
Read only memory Rmmw_*tc emory
rive m

M "
UT ) o
: ¥

v
Static RAM  Dynamic RAM

¥ ¥ ¥
Masked PROM  EPROM EEPROM
ROM (EAPROM)

'1.,1 Read only memory (ROM)

~ ROM is a non-volatile memory (it can hold data even if power is turned off).
b can't write data in this memory. Initially the binary information must be
B ificd by the designer and is then embedded in the unit to form the required
: rconnection pattern. Once the pattern is established, it stays within the memory
il even when power is turned off and on again. The binary information which is
tady stored inside the memory can be retrieved or read at any time.

2XxnROM, ——%1 gata

‘k’ address
outputs

inputs | _
Figure 4.73 Block diagram of ROM memory

eloch ‘diagram of a ROM is shown in figure 4.73. Tt consists of ‘k’ inputs

{'ROM Organization .
;i address for the memory and the output gives the 1.ﬂata
v.n}hinh is selected by the address. The number of wurd+s in :
S0 the fact that °k’ address input lines are needed to specify 2
o ROM, The unit consists of 32 words of 8 bits each. There
£ mbers form 00000 through 11111 for the

|

\
!
|
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ﬁu = 'h ﬂ _——___-—-'-'_'-__-_--_
. 1 A
ﬁi——.—h 2 —
3 L]
A 5%32 %
. : Decoder 28
Rs »

T G Y

| D-;r D.ﬁ. DE

Figure 4.74 ROM memory unit

Figure 4.74 shows the internal-logic construction of the ROM. The five inputs
are decoded into 32 distinct outputs. Each output of the decoder represents a memory
address. The 32 outputs are connected to each of the eight OR gates. Each OR gate
5 must be considered as having 32 inputs. In general 2k 3% n ROM will have an intemnal
' kx 2% decoder and ‘’- OR gates. The 256 intersections in figure 475 are
programmable, A programmable connection between the lines are Jogically
equivalent to a switch that can be altered to either be close (horizontal and vertical

lines are connected) or open (horizontal and vertical lines are disconnected).

Address inputs - Data outputs
A As A, Ay Ag|D; Dg Ds Dy Dy D Dy Do
TR e B LG O T T L
o 0 0o B tEpoccLoh 0 g, 1. D
ST R A B A L [ B
-0 8 11 1oL 1 W1 A s
[ 4'-
o 1 o-o-|0 1.0 1 1 0 1 -~
Fafgs 1.0 Jf-8. @ 0 1 o1 0 1
{1 0 fkr F 39 0 1 0]
5l L e [ i G S S S S

Table 4.46 Truth table.v i
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e
" The pwgramnmbla intersection between two lines is some times called a

.+ Normally a fuse is used which connects the two lines, It can be opened
ﬂﬂ:lu » by applying a high voltage pulse into the fuse. The fuse links are “plown”

jing to the truth table.
Consider the truth table shown in table 4.46

gvery ‘0" listed in the truth table specifies no connection and every ‘1" listed
path that is obtained by a connection. The 0’s in the '._-.rl:rd are

Iﬁf-s a

W by blowing the fuse links.
-] | s
Iq‘ﬂ- 1 # 2 *_
— 2 - i) 3

"“ 5x32 3 % —
b Decoder 2

s ? |

e 31 ? 3 j( % =

| Dy Ds Dy, D3 D D D,
Figure 4,75 ROM

If an address 00011 is applied to the address line, the data.output will be
CHI01110°, : '
4112 Types of ROM
41124 Masked ROM
.'E: In integrated circuits, a thin metalized layer connects the gates of some
masistors o the row select lines. The gate connections of MOS transistors depend
“Otithe data to be stored in the ROM. Therefore, according to the user truth table,

ifacturer can deposit thin layer of metal fo connect gates of the transistors. Once
tern/mask is decided, it is possible to make thousands of such ROMs, such

', l_‘-ﬂllad mask prﬁgmulmed ROMs.
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Read Only Memory)
cu;mtajns all the fuses intact giving all 1’s jp "
ROM are blown by application of 3 hig,

defines a binary ‘0" and an intact fy,
ram the PROM in the lahﬂmmm t

and Stﬂ']"ﬂd words. i

4.11.2.2 PROM (Programmable
b

When ordered, a PROM unit
bits of the stored words. The fuses in the P

voltage through a special pin. A blown fuse
* gives a binary ‘1°. This allows the user 10 prog
achieve the desired relationship between input address
mmable Read Only Memory)

4.11.2.3 EPROM (Erasable Progra
initial state even though it has beep

The EPROM can be restructured to the _
programmed previously. When the EPROM is placed under a special ultraviolet ligh
for a given period of time, the short wave radiation through its quartz windoy

discharges the internal floating gates that serve as the programmed connections,
After erasure, the EPROM retumn to its initial state and can be reprogrammed io 3
new set of values. It is not possible to erase selective information, when erased the
-,-"‘.'-; entire information is ]ﬁst_.

" EEPROM (Electrically Erasable PROM) JEAPROM (Electrically '

o Alterable PROM) ' -

~ EEPROM is similar to EPROM except that the previously programmed f
ections can be erased with an electrical signal instead of ultraviolet light. The
dvantage is that the device can be erased without removing it from its sockel.

1:3 Random Access memory (RAM)

RAM is a volatile memory (it cannot hold data when power is turned off)

| nication between a memory and its environment is achieved through da®

=55 selection lines and control lines. The control lines specify the directio

transfer, The data lines are bidirectional which means that data can £° in

rection: The direction of data transfer will be decided by the control input*

m,ﬂ;,m}*;;;, lines -ﬂ}, ify the particular word chosen among the many variable. The
EAD or WRITE) specify the direction of transfer desired

{
il

et By - e T .'.-.FI}.
o control INpuisi{ine
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Address lines

d Programmability Logic Devices

4159‘

Mastoey “"iwt:::} Data lines |
T | (Data input lines/Data output lines)

Control lines (READ/WRITE) |
Figure 4.76 Block dia gram of a Memory Unit
411,31 RAM Organization

Consider a memory unit contains ‘n’ data lines and ‘k” address lines. A ‘K"
tu:’rﬂfﬂf’s lines can select 2° locations in the memory.The process of storing the
-~ jpformation to the memory is referred to as memory write operation. The process of
% nsferring the stored information out of memory is referred to as memory read
operation. RAM can perform both the write and read operation.

The number of word in a RAM is determined from the fact that ‘k’ address
igput lines are needed to specify 2% words. Consider a 1024x16 RAM shown in
'h‘gure 4,77. The memory unit consists of 1024 words of 16 bits each. In general
"Z¥xnRAM will have k x 2* decoder. Here 1024x16 RAM consists of 10 to 1024
mnder (2% = 1024 ), where the decoder inputs are the 10 address lines

Ap). A decoder accepts the address lines (Aq, Ag ...

the paths needed to select the word specified.

10 Address

Figure

Disd 3Dy ;
16-bit data lines

0 11010101101001000
|__11100000101001011
2_10010100101001100

10 to 1024 3 1101000100001010
decoder | -
| :

| 1022 10110110101001110

1033 1 1000000000001000

O

4.77 Block diagram of 1024x16 RAM

...Ap) and provides
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4.11.3.2 Write and read operation

The two operations that a RAM can perform are write and read Operationg
The steps 1o perform memory write operation are as follows.

L. Apply the binary address of the desired word to the address lines,

2. Apply the data bits that must be stored in memory to the data Iim.-;g,

3. Activate the write input (READ/WRITE=0)

The steps to perform memory read operation are as follows,

1.~ Apply the binary address of the desired word to the address lines,

2. Activate the read input (READ /WRIT =1)

The memory unit will then take the bits from the word that has peg,
seiected by address and apply them to the output data lines,

2 TYPES OF AW . 7 o ier s e
The random access memory is classified into two types based on its o ing
modes. - PeIaa
1. - Static RAM

2. Dynamic RAM
4.12.1 Static RAM

Memories that consist of circuits capable of retaining their state as long as

power is applied are known as static memories. These are random Access memories
and hence known as static RAM memories,

technology and Bipolar technology. The MOS technology uses Enhancement mode

MOSFET transistors and the bipolar technology uses TTL (Transistor-Transistor-
Logic) multiple emitter technology,
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—-——-—_______________T s ; ;
‘_12.1.1 Bipolar RAM cell ability Logic Devices i
The Bipﬂlar RAM : )
; cell is j
gic) multiple emitter tﬂﬂhnmﬂm implemented using TTL .
1 as long as power is appliﬂdgﬂ.tll stores 1 bit of infﬂmFrﬂlI‘lEmnr- Transistor-
; ion. It can store either 0

_ e 2 can set
qothing but a flip-flop. Figure 4,78 shows at“‘ store 1 or it can reset to store 0. It is
simplified schematic i |

of a bipolar RAM

el

SET Q:  RESET

L oY select

. _ Figure 4.78 TTL RAM cell
Operation :
cell. The Q; and Q; are Cross

-The }{ select line and Y select lines select a
other is ON. A “17 is stored in

coupled inverters, hence one is always OFF while the

the cell if Q; is conducting and Q2
conducting and Ql is OFF. The stale of the cell is changed to a “(" by pulsing 2

HIGH on the Qi emitter {SET}. This turns OFF Q, and turns ON Qu. A w1 can be
rewritten by pulsing 2 HIGH on the Qp emitter (RESET).

s OFF. A “0 is stored in the cell if Q2 is’

e
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4:12.1.2 MOSFET RAM cell | \

Vi 1 X Tow Hﬂﬂﬂ[
Ty :“—] ) L‘ET"
DATA DATR
i
i |
WRITE (W) = ' READ (R}
= ] b —
°——|-'l1—— : Y Column select ——[ﬂ___u
DATA IN : | : " DaTaqy
Figure 4.79 MOS static RAM cell
Enhancement mode MOSFET transistors are used to make MOSFET RAN

- 1is sclected. When X row select line is HIGH, Ts and T, get ON and the cell
connected to the DATA and DATA line. Whén Y column select line is HIGH, Ty
Ty get ON., Due to this, either read or write operation is possible,

Write operation:

Write operation can be enabled by making WRITE(W) signal HIEHI';S
write operation enabled, if DAT A IN signal is logic 1, node D is also at logic :ﬂl'
turns ON T; and T, is cutoff, If the DATA IN is logic “0°, T, will be cutoff a7
will be turned ON,

Read operation:

" I Ith I:’.i

Read operation can be engbjeq by making READ signal High :1-::,31['1:3!

operation enabled, Ty becomes ON;, Thig connects the data output [ﬁﬁﬁ}l e
DATA OUT and thus the complement of the it stored in fe cell is %8

output.



[Jynﬂ:miﬂ Rﬁ*: stores the data as a charge on the capacitor. The 5107 ed charg=
e capacitors ends 0 ischarge with im and the capacitorsoust be perfodically
rﬁﬂﬂﬁd by using a refreshing circuit. This refreshing is done by cycling through
ords

5 for every few milliseconds to restore the decaying charge. Dynamic RAM
s educed power consumption and larger storage capacity in a single Memory

0. FIEUI 4.80 shows a dynamic RAM cell.
Sense line
e Storage capacitor
p—— :
Control line
Figure 4.80 Dynamic RAM

vemory units that lose stored information when power is turned off are said

1o be volatile. Both static and dynamic

RAM is of this category.

The differences between static RAM and dynamic RAM are shown in table 4.47.

| SLNO. Static RAM Dynamic RAM
Static RAM contains less Dynamic RAM contains more
1. | memory cells per unit are2. | MEMOTY cells per unit area s
: compared to static RAM.
Static RAM consists of flip- Dynamic RAM stores the data as 2
9 flops. Each flip-flop stores charge on the capacitor. It consisis
one bit of binary of MOSFET and capacitor on each
information. cell.
: 3 Its access time is less and so Tts access time is greater that static 1
% | itis having faster memories. | RAM.
Refreshing circuitry is mot Refreshing circuitry is required 10
required. maintain the charge on the cape-
4 citors after every few milliseconds.
1 Exira hardware is required to control
refreshing. This makes system
, design complicated.
| 5. | \Cost of static RAM ismore | Cost of Dynamic RAM is less o
" Table 4.47 Difference betveen SRAM and DRAM
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Access time: The access time is the time taken to read a stored word aﬂtr'ﬂppl?'lng
the address bits.

Cycle time

Read cyele time: It is the minimum time for which an address must be held stable on
the address bus for read cycle.

Write cycle time: It is the minimum time for which an address must be held stable
on the address bus for write cycle.

The operation of the memory unit is controlled by an external device such as
CPU(Central processing Unit). The CPU is synchronized by its own clock but the
memory does not employ an internal clock. The CPU must provide the memory
control signal in such a way as to synchronize its internal operations with the read
and write operation of memory.

| Assume that a CPU operates with a clock frequency of S0MHz and the
corresponding period for one clock cycle is 20ns. Let the access time and cycle time
does not exceed 50ns interval (i.e. read or write operation can be performed within 3
clock cyeles), 20 5 R :

4.13 MEMORY CYCLES AND TIMING WAVEFORMS

Write cycle
| 20 ns
Clock o Nt - X b
Memoryaddress X  Address Valid

READ/WRTTE  \

A
Mﬂnnlq-'enahl.u _/ &3 ,. \
/_
A

Data input e Data Valid

| Figure 4.81 Memory write cycle
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ite -
vele t?;j‘:}:mung diagram for a CPU with 50MHz
20ns cycles T, T2 and T; for 4 Witte o .5"3113. The write operation requires three
ond data input 1o the memory, Peration. The CPU must provide the address

: This j e
cpable signal changes to the 1 dons at the beginning of Ty. The memory

high |
En leve] and the Rmﬂfﬁﬂi I'E signal must go low to

©5¢ two signals must be acf: ;

; active for a period of 50ns. The
ddress and :

memory @ data signals myst rémain active for a short time after the control

: nEIEI an': deactivated. At the completion of the 3" clock cycle, the memory write
operation 18 completed and the CPU can access

: the data from the corresponding
mémory location. _
bﬂnd cycle | '
- 50 ns i
Clock L _ 2 | et T
| Memory acédress X : Address Valid

mmﬁ /

A
SHE
-

- i )( Data Valid
Data output

Figure 4.82 Memory read cycle

gure W i ' d operation, the

igu the read cycle. While performing rea

"equir ﬁdFladdrﬂ: E;t'2 Etlll::: ;mzxy is provided by, the CPU. The memory enable and
: s for

: i Jaces the data
R . v for read operation. The memory p o
READ/WRITE must be llﬁﬂi‘;dl:i’: lines into the output data lines within 2 50ns
of the word selected by 1h° '

intery e
emory cnable 18 activat
time that the M
‘I! from the

# L]
w
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" SR0GRAMMABLE LOGIC DEVICES (PLDS)

;i programmable logic device (PLD) is an integrated circuit with
F.gusl"‘mmﬂblﬂ gates that contain AND anay and OR array.

There are three major types of combinational PLDs and they differ in the
ment of the programmable connections in the AND-OR. array.

s, | Fixed : Programmable ﬂ““’:m |
; AND array OR array

a. Programmable Read-only memory (PROM)

| [nputs Programmable Fixed Qutputs
——> ANDamay —| OR array ——

- b. Programmable array logic (PAL)

_ Inputs Programmable Programmable. e i
——> ANDamay [ | OR array —

¢. Programmable Logic array (PLA)
Figure 4.89 Basic configuration of PROM, PAL and PLA
1 The programmable read only memory (PROM) has _E'ﬂxed AND aﬁay and
pogremmable OR array. The programmable array logic (PAL) has a programmable
AND array and a fixed OR array. The most flexible PLD is the programmable logic
y(PLA), where both the AND and OR arrays can be programmed.

| 44 1 Programmable Logic Array (PLA)

' [nPLA, both AND and OR arrays can be programmed. So both AND and OR
45 have fuses. The product terms.constitute a group of ‘n’ AND gatés and the sum

onstitute & group of ‘m’ OR gaies. Fuses are inserted between all ‘n’ inputs
complement values 10 each of the AND gates. Fuses are also provided
fen the outputs of the AND gates and the inputs of the OR gates. The third set

Sibetween the output of OR gates and the input of inverters that allows the
ction to be generated either in the AND-OR form or in the AND-OR
"-i..: When inverter is bypassed by link, we get AND-OR implementation.
' ...n,. r is pot hﬂmssﬂd. we get AND-OR INVERT implementation.
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Cutput
ﬂ humr '“,I:h

pAatrix ﬂlllp.uh

4,90 Block diagram of a PLA

ed in the PLA to limit loading of the SOUrce
i i

: ovid in the invert Ty
Input buffers are Pri de two outputs, one output 1n ed form of jy

drive the inputs. They prov AP s 7 6
' non inve
input and the other output in the s
- Outputs
A o R—
Inprt . I:tr> - A
i 4.91 Buffer .1
Figure | 1
Input AKX B-ES c
'b'f_a_'[.tig:__‘ . .
— =y
'l l w®
{= - 6 fuses between
B : /2 : | s
fa i |
C—H -ﬁ"_'..' : g

—x
%
.- SRR -'-lllr‘f - - -'-‘l

18 fuses }I |

between input
buffer and AND
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Figure 45; shows a PLA with 3-Inputs and 2 outputs, Here the output of OR

s are Fy and F therefore the output of F, is not to be inverted. So the other input
KOR is connected to ]-E?glﬂ ‘0". But the output of second OR gate F; is to be
ﬂt;r:rtﬂd. So the other terminal of XOR is connected to logic ‘1’ to obtain the real

::]:tpﬂf- Fz:
16.2 programmable Array Logic (PAL) |
4. The programmable array logic (PAL) is a programmable logic device with a
of OR armay and a programmable AND array. Figure 4.93 shows the logic
fix

n of a typical PAL. The PAL shown in figure 4.93 has four inputs and

tio :
mﬂﬁ;‘fgﬂm Each input has a buffer- inverter gate and each output 15 generated by a

ﬁtﬁi {:IR gatE.

D j Fl F] Product

| . tErms
. ._ | ‘ ) ;

Bon
—{ -

ok e ey
BE

s
o
i
==
|
il

I 5 All fuses intact
S == = always=0)

'.

.
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There are four sections in the unit each i W’;WSE;;L::;;‘EE&‘NH

OR array. This is the term used to irdicate that there are 3 pro .Eat“
Each AND gate has 10 programmable inpy

. : te. . :
in each section and one fixed OR gate 10 vertical lines. The horizontal Jjg,,

connections. This is shown in the figure 4.93 by : :
symbolizes the multiple input configuration of the AND gate. The function F, is ygy

by the function F,, so the output Fy is connected to a buffer-inverter gate and th,
fed back to the input of the AND gate present in Fz.
4.16.3 Programmable Read Only Memory (PROM)
3-bit address input '
A

i i

A Ay - |Ag

2% = § AND gates
vl ¥l ¥ =

o}

i

Il
9,

[e[v

S R e i T Py . o . oS

i
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A Consists of e :
m' output lines. Each bit

pination of the inpyt Verizbia: ‘inl:-ut lines gpg «
f the o R 18 called ap g9

comes out © utput lines j5 cal] dress. Each bit combination that

o the number of output line ‘m’. &d a worg, The number of bits per word is equal

[ —

‘n’ inputs

- : 2" %'m ‘m’ outputs
: ROM e — i

Figure 4,95 Block diagram of PROM

A 824 PROM consists of 3 inputs, 4 outputs, This PROM contains 8 AND
gates, 4 OR gates and 32 fuses which is shown in figure 4.94,

416.4 Implementation of combinational circuits using PLA

. Example 4.18: A combinational circuit is defined by the functions. Fy =

2m(3,5,7); F; =%.(4,57). Implement the circuit with a PLA
having 3 inputs, 3 product terms and 2 oufputs. ;

olution:

~ The truth table for the given Boolean functions is shown in table 4.48.
" Let, Fy(A,B,C) = Zm(357) :F2(AB,0) = In(45,7)

o Inputs | Outputs

|

o
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K-map for Fy Be Bl
w . o1 11 10
N o e
: 0
5 gl 0 8 g’ :
1 0
Fi.‘:ﬂﬁ'l' BC
K-map for F; ' _
Tl fic BC ; BC
- :
00 01 11 10
A .
Z ol o I e 1
of I 3 Z
A 1 [_1 | 1] ]-] <
v g 7 5

" Here F; = AC+ BCand F, = AB -l-.-'A{I. The two functions F, and F; totally hav]
different product terms AC, BC and AB.

Under each output variah| . +
! Fo €, We write a ‘T"
bypassed and ‘C’ lfﬂlﬂ-ﬁtg_q:ﬁq;; 3 a ‘T" if th

F, = AB + AC

Product terms | Inputs - Qutputs
AIB|C|F | R
AC .° L= 1 1
BC ol 5t A | -
. AB 110] -| - 1
E T

Table 4.49 PLA program table

[
i ]

g 10

-
to be complemented with the output inver

b




—=
—1>
-
”.l_ﬂ_ﬂllftlnrms
—% =S
B i .
UL A
- | : ):‘H —1= 1
l..Fi F
v o
Qutputs
Figure 4.96 PLA

4.19: Illustrate ow a PLA can be used for mmbirmﬂnnuf logic design
with reference fo the functions.

Fyi(a,b,c) =¥.(0,1,3,4)

Fa(a,b,€) = Tm(1,2,3,4.5)

given ﬁmctmn is shown in table 4.50

Solution: The truth table for the

Inputs | Ouf uts
A hlelF E;_
0 olol 110
0 arEl 1=
ool o1
01 - 11 1]
g4 010 1| 1]
ifofifol L]
fid __L pl 0| 0

e 11111 0]0
Table 4,50 Truth table

AT - ;
Byt R
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- for F
K-map for Fy K-map & i i o
be e be bT = b
- 0 o 1l
\\ 00 o1 1 10 = L8
a
’ s o] o | [ E; 3
P | 0 {] T I_J:I- : 8 ¢ I : i

a 1 _IJ 0 0 0 : .
5 7 ]

F, = ab+dc+3b

The two functions F, and [, totally have 4 different product terms b, ac, ab and 3p,

Product terms | Inputs | Outputs
. a b|le Fj_ FL
bt -lojo] 1.| -
ac 01 =1¥ ] 1 1
ab. 1 o ] I |
ab 0j1|=] -] 1
' T=1 B
Table 4.51 Program table
adbbcoct
"
h 1
Gy D 4 Product terms
¥ ,i:—J"_ '\.IIEE
E N ’L
- ~ 1 A3
& 1 B
i -
—rL— Ve ab
= [y piab
! Lt
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£ ample 4.20: Implement the Sollowi I
PL4. Wing multi-Bopleqs Sunction using 3 » 4 % 2

F 1(az, a,, 1) = 2m(0,1,3 5);
Fa2(az, a4, a5) = 2l 3 5,7)

golation: The Truth table for the given function is shown in table 4.52

Inputs Outputs
dz | 24 | ag F| R
0 ] 0 1 0
0 0 1 1 .ﬂ
T
1lolof{o0]o0
1-1e 1 By
1(1(0]0]0
| 1 1 |1 0 1
Table 4.52 Truth table
- ' _map for F
K-map for F; K-map for Fz |
a 2,2 g - Wydp Ayl - MDY
d3d0 1o
o g 2 e 00 01 11 10
i]1] 01 11 10 %
- (—— 11| 0
5 0 0 0
=2 1 I j ﬂ 2 0 1 3 !
____——-3'-—"-'-
il o Ll 1 0
1 0 0 % 4 —1 6
1| 0 2 .
o F, = az80 + 8130

F, =330t da T az0

5 different product terms: In
ons Fy and

have ;
y taly find F, and F2 by just

Here the two ©= 5 function using 4 product terms,
Etﬂ iEplﬂnept the Elffn e Py and Fa K-maps:
ing the zeros

5
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K-map for F,
K-map for E - :
P 1 i3 18, a,a,
58 hay Wl - 3 Safle iy
fyily / - 9 L
]I ]ﬂ II.; e ]'.'I

(111} o1 — -‘-\'-1
1 , [T]_ 5. 0 Iﬂl ﬂ| 1 h
B 0 1 1 N b ! 3
[i] I e 1
: e | IJJ 1 1
a 1 DI 1 rﬂT ‘Jb-ﬂ i 4 5 7|\
- 5

= - F, = 8p + 3,3
F; = azap +aza, + ajdp ¥z 8 241
F, = ;89 + 3;8; + 3280 Fa = Agdo 038y 4 4,3,

Fz = azap + 2;3p . Fp =3 +3,3,
The functions F, and F; totally have 5 different pl‘ﬂdut‘:t_ terms. The fitncgi
F, and F, totally have 5 different product terms. Thf functions F; ‘and F, totally by,
5 different produict terms. But the functions F; and F; totally have 4 different progy,
terms 3,3, 3233, 323y and d@y. So consider the functions ' '
.FI = Ela{] + 5351 = Ezag ;
Fz = ﬁn + Ezﬁi

The PLA program table for the functions F; and F, is shown in table 4.53,

Product terms | Inputs Outputs
az |aq |ag | Fy Fz
d;dg =10l 1]1 -
4,3, 0 = Sliwliie]
asa =1 .1 |==
Ay 0 R e
T e |

Table 4.53 PLA program table
order i

ak 'thr:a]C i ;i“nt-?:lfhﬂt the output of F, is to be complemented i if 1%
s avere s 18 B cupu el W W e
i and icl- if : i lemﬁni
the output inverter. - the function is to be comp

.E
v N
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i Fmdu{:t terms

o o

|

— ' Déﬁzﬁi -
Dt
Figure 4.98 PLA

sent term Fz, in which other input of
Connect an XOR

"ORis made high.

| Bample 4.21: Implement e followins S

Ax,y,2) = Zn i i :

B(x,:%) = = Zml(0:

ing function using PLA.
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Solution: The truth table for the given Boolean function is shown in tabje 4 54

Inputs Ouiputs
x|ylz|A B|C
olololo[1]0
ololt|1|1]0
ol1(0]1 011
olt1{1]0|0|0
W ]
1/o/1]/0]0]0
e
1{1]1]0]1.]0
Table 4.54 Truth table
K-map for A K-map for B
¥z = i " " Vi 2 yz ¥ ¥
an 61 11
x L 2 00 01 nm
E 0 0 0 Pt
ﬁ®1 . l': x 0 |lu III u; “;
x 1 1] 0 0 1 :
4 § ey u“ 3 x 1 0 4 0 : I Ei
A=3Xyz+xZ + 7 A -
 B=xy+
K-map for C e
¥z
yz 5 I yz
2 0 0 0 0 —
TR L |
x 1 0 0
4
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E l‘l.'l{hltt t{-_-rm [ e— -
[ ez ATeTe
—32__ Toly DB
—=___ 1| To——
——-___E_i'_k___ﬂ_*_hl_hﬁ* K s U1
Xy LU 3 ]
U T
Y T
LTTIT]
Table 4.55 pLa program table

X 2 vy ¥ =238

12

5 Product terms
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3 inputts, 44 ND terms aitd 1wo outpugs ¢, =

Example 4.22: Use PLA with Boolean frnctions. F1(A,B,0) - Ei"':"a"q
)

the following fvo 5
6,7) nndF;(A,H,C] =Y m(1,23, )

Solution:

The truth table for the given Boolean functions is shown in table 4. 5
e

Inputs Qutputs
AlB|C F1I Faz .
ololo| 0] O
olo]1| 0|1
of1[of o [1
ol1l1| T |1
1lojol o |1
E ifo[1[1°]0
F [T[tfo[1]o0
Lttt 1] o0
| Table 4.56 Truth table
K-map for Fy . B .. K-map for F,
o B K BC SR . BC BC pc B
A 00 01 11 10 e 00 01 11

0| o 0 1 0 -0l 0 : E |
0 I " , d |
A 1 u.q; L ]T 11 y 1 @ 4 ) ni.
- G T____..-P"

4 5 el

3 R REACH AT ' F, = AC + AB + ABC

The two functions
to implement the given ;’if‘l and F, totally have 6 ‘different product terms:

: ._t.mn using 4 product terms, find Fy and F2
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e e ow Kemap for

% g0 01 11

10 ne (14 fic
| ~
—
1
L/

BC

0 1

= T ) R !\

L

0 1 1

e S B (= (1)

= BC+ AB + AC ] -
A F2 = AC 4 AB + ABC

F,=BC+AB+AC

F, = AC+ AB 4+ ABC

The functions F; and F, totally have 6 different product terms. The functions

f, and Fz totally have 6 different product terms. The functions F, and F totally have

ﬁi.ﬁﬁe:ent'pmduﬁt terms. But the functions F, and F, totally have 4 different product
s BC, AC, AB and ABC.’So consider the functions Fy = BC+AC+ AB and
l,=AC+AB + ABC. The PLA program table for the functions F, and F,is shown

ntable 4.57.

b
==
e

F1==BE+H'C+EB
F==EE+EB+AEE

Product terms | Inputs Outputs

\

Here C rcprsaﬂﬂtf- [.hﬂ .
ke it g real output '™ ©
St inyertr is 10 be DYP**

% output inverter. L

[

=
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4 Product terms

-

o
3

=
3
*

2
il

DUUU

7 ..
I

-
s
S s R ot S

Figure 4.100 PLA

Connect an XOR gate to the complement term F,, in which other input
XOR is made high.

| . _ it
Example 4.23: Design a BCD 1o Excess-3 code converter and impleme!
suitable PLA. -




¥
uﬁnﬂ-

o

Eeﬂdﬂnn

Nver

__TCE‘E:JP - CF1s shown in table 4,58

) B; | B, ‘Eﬁrﬁgmﬁjﬂdn
0 [ 010 o ot e®!
0 -___"-———._P___ 0|1 1

T S e

| 2o L&y
S e T
2 BN R NN ERENE
. 0 1 0 1 110010
01 f1]1)1]jof1]o0
R T I TS
11o0olo0o|1]1]1]0}0

Table 4.58 Truth table for BCD to Excess-3 Converter |

!,-:_rf' | | K-map for E;

BB BB Bl B, B,
B o g1 B 18

Rowy WIS

L] . u
0 0

x
X h.¢ |
B,02 I ]1 13 [H La

14 —

I 2 X
n3E= 10 0 : : g “ [

B,Bot BzBo T B2Bs /

BB,
10
0
2
__.__--—d
1

EgiEI
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K-map for E, K-map for Eo
- 5,5, BB, BB  DBibe
% 0o o1 11 10 e
B,B; B,B; )
B;B; 00 rT‘L 0 r_I_ 0 2‘ 0,8, 00
1 3
BB, 01 1 o 1 0 o,B; 01
. ! 5 [ L]
B,B; 11 X X X X B,B; 11
Iz 13 15 14 .
B, 10| | 1 0 X X 8,8, 10
—_'Il 3| =N 10 —
E, = ByBy + .Bl-Hﬂ r;
Product terms |  ~ Inputs Qutputs
: Bs | By | By | By |-E3
B3 | - i !
B;B, | - 1 - 1 |
B;B, o o) G Y (] O |
B, B; B, o 0 % L
EzEu Sl B o 1 =
; BBl =To ] s e
.B;B, - | - 0| 0 | -
. BeBg' 4~ | = 1YL 1=
By = = ]
T
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 pigure 4.101 PLA

logic array
g programmable
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Solution: The truth table for the given Boolean TUNGLIOnS 1 0 table 'ﬂ"ﬁ"l

Let, Fi(x,y,2) = Zm(013:% 7) s Fa(0¥:2) = Y m(2:4.6)

Inpuis Outputs
x|y|z|FilF2
olofol 1 | O
ojlo(1|[ 1 [ O
ol1lo] 0 | L
T B B 2
1{oj0] O 1
1101} 1 0
(11]o] 0 |1
il i o
Table 4.60 Truth table
K-map for Fy £ - K-map for F;
vi oW vE o ¥z ¥
yz : yz
3 00 01 11 10 I\ 0o 01 11
0

x 1 D l.,l IJ ﬂ ; xll ]i 0 'ﬂ

4 ¥ 7

yi
1
i
£ 0 [_1 |] l] 0 : 0 0 1] [—1
] 1 3 | ] 1 3 1
G
[

o Hﬂrﬁ Fi =z+Xy and F, = yZ+xZ. The two functions F, and F; tol2
hava4 different product terms z, XV, vz and xZ.

S Product terms | Inputs | Outputs
}% X|Ylz F1 Fg
el = = ) T

y 00| -] 1 =

yZ -{1]0} - | 1

XZ 1|-10] -]1

T[T

Table 4.61 PLA program table
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%’ﬂ//' Ora Mmability Logic Devices i 104
t\"- Under each output variable, e 101

ﬁw od and ‘C’ 1f the function jg 1, c‘;""l‘l;;‘T’ i
bt ented

the output inverter is to be
2 with the output inverter.
e G R

3 Product terms

Fy '
Qutpuis
PLA |
Figure 4.102 PL/ =
Tirc using - AND and OR logic for the fo
' sfruch
Design a pPLA :
: ) ~ym(2.3.67 8,9, 1:115;
- Jlﬂ;nlnli Fa "Emm 1,4,8,11,12,
15)
7 g,11,1%
(0,1 3.4.?.3.11,1:-:,15}
'E“"{ r3 ?,3,9,12,13}
3,7 5,11,12,15} I
= F L
—'5 -' (014,_ 11,1 2,15)




Table 4.62 PLA Program table

Digital Logj, Cire
!

A |

4.102 S G
K-map for F;
K-map for F; .o o ot
] tp €D ch co
cD 00 01 11 1
00 01 11 1 AD —
AR
0 l
AB 00 1 1 1.'1_1 _|] Ly ¥ L] ] | ] l
2 1 3 2
AB 01 1 0 1 0 s : A g 5 L— J
4 3 T 6 ——-_E._
AR 11 1 | 0 0
AB 11| | 1 1 Wiy 1 . 0 i | 'ﬂ l” I8 __I_l_]
A5 10 , 0 | 0 AE 10 Ll_r_ll 0 ! 0
—3 9 1 10 —
F, = CD + CD + AB F, = AC+AC
K-map for Fs K-map for Fy
] Zp co b L 1] to D cb
S o 01 1 10 00 e 11 10
AB _ o [ T
me| o [[1 11 i AE 00| 1 1| 0 0
& T 7 il 1 i 1
AB D1 [ I I 1 T AB 014 1 -' 0 0 0
4 ] . 6 4 5 ? :
5 £ i
IO T Y e AB 11 1 0 1 0
Tk : iz{ L 13 I 1§ ) 4 iz L] _]li‘ 4]
LAE. 10 11.1-.0 1 0.1 - AF 10 || | 0 1] 0
—3 1. 10 ' . —n 9| ™n |
F; = CD + ACD + ABD F, = CD + ACD + ABC
Product terms Inputs Outputs
) = Yy AIBICID|F |F|F|F
< s S YRRy =1=10710T"°1 =1 =11
) dectint Lo B _gl_.'l =|=«1111 1 -1 1] -
EE ™~ |[010]-1=11 -1 =1-
ﬁE _ Bl=11]=] = =] =
h={:i_ I. - ﬂ - - ] - =
ACD El= i e =
ABD A D I ) I - L1 ] -
ACD. 11 [Tl [= [= |1
ABC D100 N (=l
T ' LEL
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4.104 | o i
ts using PAL

4.16.5 Implementation of combinational circul

tion using PAL,
x the following Boolean func
Example 4.26: Tmplement the fo i e

w(A, B, C,D) = Zm(0,
x{Ed. B.C,D)= E,:l(u, 2,6,7,8,9, 12,13,14)
]’{AI BJ E.I -D) = Em(z. 3; 'ﬂ* g, 1“, 12-,- 13}

z(A,B,C,D) = T;u(1,3,4,6,9, 12,14)

Solution:
K-map for w K-map for x
: s @ d B
cD &D D cB -
AB oo 01 11 10 S 0
’ | 0o 1 | 0 0
Euu : ; ’ : s ] 1 1 |
L] i % —~
A o1| 0 0o | |1 1] mot| 0 | 0 [—l, :
4 5 & - .

=3

j . : AB 11 | 1 0 1
AB 11 1 . ] Ak 0 . 0 ;- ( 12| . Wla sl Tu
o 0 AB 10 L 1 lJ 0 0

_ 1 1t

F
=

AB 10
i 11 |ﬂ| 9
w = AC + ABC + ABD -+ x=AC+ ABC+ ABD +B(D
Substimte @~ w=AC+ABC+ABDinx
Weget  x=w+ BCD
K-map fory % K-map for z

S

e i S . b . .

m I "
D _
: - AD i

ABoo| 0 0 I I Y 1 3
o 1 T ol |

B
10
]
=
e ; A o o1 |l o | o [[!
: — : | T b

il 1 : 9: AB 11 '1| 0 0 ll

- - = = 12 ] 1%
0
-

—_
=

AE 10 l] ]l 0 | in o: .07 |
= s = ' ¥ 1

d
I
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& e program for PAL is shown i, fable 4 63 -

Product term | AND jppor—T—_

in
B e Quiputs

- [-|W=AC+ABC+AGD

l._.,mn
f

el L =1 et
=

0] - |x=w+BCD

|
I
1
1

L]

y = AC + ABC + BCD

z = BD + ABD + BCD

m\
|
o Rl = =1 [}

el == === I ]

BC 0({0]1

Table 4.63 PAL program table
AABBECT pOw W

=25

All fuses intact
e '{HIWP.HFG}

}I

il
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Example 4.27: Tabulate the PAL P mgmmmﬂf'zl;-‘f ;af?:f]{nz‘ * ﬁ){ B(x, ;:5 :;"f

functions listed below. A(x, ¥ 6),D(%¥:2) = Zm(1,2,3,5 »

500, 1.6,7), C(x,3,7) = Em(26) 1% =

¥z vE
N . i : \J"i 0 o 11 10
00 01 11 . =

10
X X
A e o[ 2| @
. 2 n,n. @| ﬂ_‘q F! . Cﬂ i k] _-J,-
(| 1)| o | o I “eT 5 WU E?Eﬂ
I L B=xy+xy
; : =
A=yZ+xZ+Xy2 _ D
K-map for C K-map for
v ¥z y ¥2 : 4 e 2 " ¥
X 00 01 11 10 o0 01 11 10
x x = :
\
| 1 1
: ; un u.| 0_1 '—IL .E . uu-(.] [ss l-ll
y ' : 0 l] 1) | o
o ﬂ: Usl- IE;.'.r |_1J5 i s U E 7 5
E:J.r;_z I;'=I+E]f
Here C=yZ | E — 4
Tharefnr-:ﬂ=E+ﬁ_+ﬁm;ﬂ=i?+xy;ﬂ=yz;ﬂ=z+xy
[ Product term | AND inputs Outputs
o X y Z C 1
C - ]= 1="1 : ST
e T 0= A=C+xZ+Xyz
XVz 0 |0 |1- '
Xy 018 Taths e =
= WEE TRl
R e o o g L
J—; E, ; _1 : D=z+Xy

_ ; Table 4.64 PAL program table




% w
- 7 y ': t
'--_._-_-*---

All fuses intact

" Figure 4,105 PAL =
bl . 3 bit up/dowt counter 1sms

4.28: Implement @ _ -
. | counter will works 23 1:- ;1;; X
I- : . s ot r, The state diagram 0

g = |:| sider a cnntml lﬂp
l 'ﬁ 1ﬂ61'l-'?“'

WIL mn ﬂgﬂt 4,
IlIl[m' is sho I

.E.-;



Table 4.65 Transition table

The transition table of a 3 bit up/down counter is shown in table 4.65.

_— . Digital Logic Circy,
— _-'-'--._._‘“
Present | Input | Next state Flip-flop
state inputs

AlBlC| x |AT|BF[C*|Da|Ps
o|lofo 0 T T T I
ojo]lo 1 o lo 100
ojo|1 0 o lolof|o] 0
oo 1 1 ol1/]0]o0o] 1
o[1]0 o J.olo}]1]o]0.
ol1]o 1 o e o I
olt1]1 0 o|l1]0] 90 1
of1]1 ] 1o lej1}o
1jojJo]| o TR I i i
1jo]o [ T R
1]o]1} 0 i ool 1140
1]o]1 1 HETE EEEE
11rjo] o HEEEEEEE
EHEEE 1 EEEEREEE
BEAN 0 " I

T T 1 TE R

Figure 4.1006 State diagram

The equations for D, Dg and D¢ can be determined using K-map as shown below.

IK-map for D,
Cx Cx Cx Cx
Cx
an ol 1] 10
AB
AB 00| | 0 0 0
L1 1 3 2
AB 01| 0 0 0
q 5 ®'.l' 5
A 11| 1] [ll o |1
12 13 15
AE 10| 0O l_l] 1 1
U G

D, = ACx + ABC + ABX + ABCX + ABCx.

K-map for Dy

Tz  Tx Cx %
Cx ;
0o 01 11 11
AB
AB 0 I 1| 0 ‘ 1\ 0
0 1 3 ]
AB 01| o0 1 0
d 4 T
AR 11 0 \_: 0 !
12 1 T "
AB 10 |1| 0 ||i ﬂb
9 L]

Dy!='BCx + BCx + BCx + B¢

"1




¥ 1] i

Qutputs

"1 p,=Alx+t ﬂEc+ABi+ﬁEi+EEm

[ _ . A%+ BCx
Dg = pix + BCX +BCE+




4.110 ———
A x X
: S
2 D. e
: +D =
4 — ‘}L__:)— _c>
S L
= = —
6 *—¥ _>— |
g . | }—__ ._ : Dg 0y E*
; j_#_x R [
a9 =
10 1 X ﬁl_ﬂ_
Hfl.lEEEIﬂ‘lﬂi‘.‘:l’
- g;l*]{alwﬂyf'ﬁi
11 D
13 -;.;"}_ —T\ De Q:‘E"'.
14 ) |
=] o s
7 : @_ #—c) jﬁcf
==
| 2] =

Figure 4,107 pAr,

CLK|



W(A.!HJ L,1) = Lo\ & L& L)
X(A,B,C,D) = Xn(7,8,9,10,11,12, 13,14,15)
y(4,B,C. D) = Zm(0,2,3,%, 5,6,7,8,10,11,15)

Z(AB/C, D) = ¥m(1,2,8,12,13)




K-map for Z

K-map for Y
. B g
@ @ @ CF cp |
cD 00 01 i
00 01 1 10 Al X
i ~— l moo| o @ .
RB OO 1 0 1 I i ; ] @
J 0 I | & ____-“-‘-‘-‘-L
' 0l 0
Ao o1 |1 | 1L 1_Jﬁ A . 0 il 2 :
- 3 - T i
-._____:1
—
“an | 0 0 I 0 AB 111 |l 1 ! l 0
12 13 5 14 _ L 13 13
a0l 1 0 | 1 . AB10) | 0 0
8 | Tl | W 8 9 i

Y=AB+CD+BD 7 = ACD + ABC + ABCD +

Substituting W = ABC + ABCD in Z, we get %
~ Z=ACD+W+ABCD

Product term | AND inputs ' Outputs i
: | AIBI[C[D[W

ABC B T

ABCD 0l0|1[0] - |W=ABC+ABCD

A T o

BCD - | 1T = 1 X=A%B(D

AB T T

CD -|-[1|1]-|y=AB+CD+BD

BD S B A

ACD WS T e

W |-[-]-T-]1|z=AcD+w+ABCD
“ABCD 0 W R

e




|
chronous Sequential

[:il'{:uit
ﬁﬂ/’ —-—E_'.wrﬂgrammahility Logic Devices

ARSECT DD W

=

o
All fuses inta:cl
(always=0)

s, gl 0 3 :%_—l.y\ Y
o {}J’V
r-.:jr-ﬁf-—;-,_a}__
Dl )

¥
I WRJLl@)k)

/

F igllﬂ': 4,108 PAL
‘ | i'fE'"lL
| it the ﬁm:w-’frgﬁ"w-’fﬂfl HSing PLA an
iple 4.30: Imp erme
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Solution: o £
The truth table for the given Boolean function is SROWN in table 4 g
Inpllfﬂ_ Qutputs
x| ¥|%*] ¥
ojofo] 1
ojof1| 1 |
0|10 0
0)1]1 1
110]0 0
1/0]1 1
11110 0
o] O [ [t
Table 4.68 Truth table
K-map for f 4
vz ) gt . .--.!_-. .'.,___ ¢ _:.‘.‘..'
00 © P11 10
X - -
5 Y ™
e o (oA (| 1) ] o
0 1 13 2
x 1 0 & | o
4 5 7 6
f=z+3%7
PLA Implementation
Product terms | Inputs | Outputs |
x|y |z N
Z -1-11 1
Xy 0]10]- 1
- = L __l-.:-:.,.__!’_l—.:_

L '
Table 4,69 PIA program table




Figure 4.109 PLA

pAL Implementation
| Product terms | AND Inputs | OQutputs
X-|¥ | Z
z -1 =11 |f=2+%y
Xy 0|0 ] - i

Table 4.70 PAL program table

x ¥ v 7.2 %2
S
s T T
B
4:::-7*""*-_'_—--
Figure 4110 PA
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4.16.6 Implementation of combinational circuits using PROM |

Digita L
ﬂ'ﬂin Bﬁ
U

Example 4.31: Using PROM realize the following expression

Fi(a,b,c) = £,,(0,1,3,5,7)
Fa(a,b,c) = (1,2, 5, ﬁ'}

Solution:

The given function Fy and F; have 3 inputs a, b, and c. They

. i Bene
minterms and hence the PROM have 8 AND gates. ‘Since there are 3 :ﬂu 21=~.:|
PROM have two OR gates. ey L

an 8 b b ¢ ©
i I
=
I S W e N 5
Lt * =
' '\ m
1 o —
o !
L
Dt
=
L3
| i L T —
T
LN M :
LN T
3 i _'“\E i ¥ "
= =

el _‘i Figure 4:111 PROM

-
]

AV,

- -F— Fz ‘

L T

Outpuls
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e 4.71.

table of a 3 bit 1y - i i
3 it binary 1o its cquivalent Excess-1 code is shown in

Binary input | Excess-3 out ut |
Bz | By | By | By [E, E; | Eg
o N O I
RN NIRRT
ARSI EEAERE N E
NSO AR EEET
LSRR EEE
l1joj1]1]o]o]o
e S I
AT AN ERET

B2 |

Hl Ez Eiﬁl HI:I Eﬂ

e

s | =

. i
-.1.1":?:-""-.“' I
i it 5

Table 4.71Truth table of Binary to Excess-3 Conversion




DiQE{HI L[]gi.:

Cipe,..
4.118 = 20 Cin
 ainienin SHAE of products expression fo, ea,
jzing them individually (no g hari, E*:f

' !
Example 4.33: We have fonni .
two functions, I and G, ninin

F =Wy - xv'z
G=WwxY +XV+WVYZ

(i) Implement them with a ROM

(i) Implement them i the PLA

Solution: The given functions are first converted to canonical SOP form a5 folloy

F = WYX + X (@ + Z) + XVZ(W + W)
F = (WYX+WYX)(Z+Z) +XYZW + XYZW
F = WXYZ + WXYZ + WXYZ + WXYZ + WXYZ + WXYz
F=my; + my; + my + Mg + Mg
F=3¥mn(5389,12,13)
Similarly by converting the function
G=WXY +XY -II-.;W"&"I
G=WXY(Z +Z) +;T:Yqu +W)Z+7Z) +WYZ(X+X)
G = WRYZ + WXVZ + (RYW + XYW) (Z + 7) + WYZX + WYX

G = WXYZ + WXYZ 4+ WXYZ + WXYZ + WXYZ + WXYZ + WKYZ
+WRYZ it

G=mg'l"mﬂ+m1{[+m1ﬂ+m3+mz+n{5+ml
G = %m(1,2,3,5,89,10,11) |
(i) Implementing the given function with a PROM

The given functions F and G have 4 inputs W, X, Y and Z. They e

2% = 16 minterms and hepce the P _ e
ROM 1 e theré
outputs the PROM have two OR ) 1ave 16 AND gates. Sinc
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Digital Logic : 1

4.120 w
(ii) Implement them in the PLA.

13
We know that F(W, X, Y, %) = 3.,(5,8.9,12,13)
G(W,X,Y.2) = ¥,,(1,2,3,5,89,10,11)

[K-map for G
K-map for F
Yz YZ v 77 vz o

YZ 3 o "

00 01 1 10 o0 5 i

Lo wX ==y 1
wXoo| 0 0 0 0 wXoo| 0 : I ]
0 1 3 2 0 : 2

mo| o |[1]] o | o wxo1| o0 i o
4 5 7 6 Y et ? ﬁ
L i
s & = .4 12 13 15 M
| et

‘.—_g

WX 10 urj 0 0 wxio [ [ 1 ] : 1
] ] Iy- o - v - :

F=WY+XVZ | | G=WX+WYZ+Xy
Product terms. Iuputsl Outputs
WiX|Y|z|F|G
WY El=4 0 = 1.7 | =
3 VT 1101 1 -
‘WX S e B S
WYz oS T T T
XY G e
2 b 1
Table 4.72 LA program table




4121

XYY 773
_] 5 Product terms
. it _
A T
s )
3 4EE
' j Wiz i -

=

XY
g i:}
‘s__———..r-___J

Outpuls

] "'r_'"."\-.'- e
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Example 4.34: Implement binary fo Gray code conl

Solution :

The truth table of a binary to gray €0

Inpm‘: Binary code Output Gray code
by | bz | by | Do | Gy | G2 | G1 | Go
olololo|lo|o0o]O]O
ololol1lo]o|o]1
olol1lololof1 |1
ofof1|1]|o]o0]1 0
of1fofojo|1|1]oO
I R H 1 | 1
0 [ S T e A I e e
R T R e
1 lololol1 =3 ) s
L O N L T B
Lo fafo [ [r {1
AR e NG R
i IS B O S ol1lo
ARMEAREEREAERR
L1 (1 (o100
'i-‘l_l I 1Vt lalols

verter using PROM deviceg,

de converter is shown in table 4,73,
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EVICES

4.17 SEQUENTIAL PROGRAMMABLE D _ e
A. PAL and PROM) consists of only gates, By
, ned with flip-flops and gates, g, it
the combinational PLD whep g

The combinational PLD (PL :
most of the programmable devices arc desig
necessary to include an external flip-flop with
used in the design of programmable devices.

The sequential programmable devices are mainly classified into II.“EE types. They
are, .

1. Sequential programmable logic devices (SPLD)
2. Complex programmable logic devices (CPLD)
3. Field-programmable gate array.(FPGA)
4.17.1 Sequential programmable logic devices (SFLD)
Sequential programmable logic devices (SPLD) are also known as simple
PLD. The SPLD includes flip-flops, in addition to the' AND-OR array, with in the

integrated circuit chip. A PAL or PLA is modified by including a number of flip-
flops connected to form a register. '

Y are

Inputs _
AND-OR array . B
(PAL or PLA)

v

Flip-flops

Figure 4.116 Block diagram of a sequential programmable Logic device

The outputs of sequential programmable logic devices can be taken from e
OR gatc? of the PAL or PLA or from the outputs of the flip-flops. The flip-flops ma)
be D Flip-flop or JK flip-flop. The flop-flops are flexible such that they can ¥
programmed fo operate as either JK flip-flop or D flip-flop.

Registered PAL configuration

The configuration. mostly used in the SPLD is the combinations! PAY
~ together with D_ﬂ:p-ﬂﬂl}"s_._ A PAL that includes flip-flops is referred to as a rﬂgistfﬁd
PAL. Each section of SPLD is called a macroce]]. A



] us g G Ircuits
rﬂnﬂ' and Prg

grammahi |
' Tabilty Logie Devices 4425

- [ﬂpﬂts T
_— {:-Dl'[ll}i]'lﬂﬁunm __________________
PAL >
Outputs

\|‘IJ I: Eipinnpﬁ T

Figure 4.117 Block diagram of Registered PAL

tains a sum '
1| con of products logic function and an optional flip-flop.

(o
.118 shows th ic di

. Figl:'id‘;e i d Deﬂli?f;fn diagram of a basic macrocell. The output is
et b : geere p connected to a common clock inputs. The
t 4 of the ﬂlP'ﬂ“P is connected o a tri-state buffer (or inverter) controlled by an
gﬁ‘ enable Slg:!lﬂfl- The output of the flip-flop is fed back to the programmable

gates 10 provide the present state condition for the sequential circuit. All the
% are connected to the common CLK input, and all the tri-state buffers are

girolled by the output enable signal.

== | "
D Q "‘|>—4

3 :
i R
=i
l' ' K Ouiput Enable
1 CL
113 ﬂEiE] E'ﬂ" ]ﬂgiﬁ
ices
Y : le |0 : mmnlahlﬂ
2 Complex Ffﬂgrf'_rl“mﬂ] .1, LS 2 onnected through @ ProE
A i mol?
CPLD consists ! 9

h.ﬂ'"mlh'ix as shown 11}
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PLD PLD [ [ PLD L
 ——
Input#Du!p_rut b Programmable Switch P Input / Qutp
" Block matrix Block
g I___-ﬁ'_---
PLD | | PLD 'PLD PLD

Figure 4.119 Block diagram of complex programmable Lugi-: {Ie:vil:.ﬂs (CPLD)

The input output block (I/O block) provides the mput output connection to
thf: programmable switch matrix. Each I/O block is driven by a tri-state buffer and
can be programmed to act as input or output pin. The programmable switch matrix
receives inputs from the I/O block and directs them to the individual macrocells or
PLDs. Similarly selected outputs from the macro cells or PLDs are sent to the |
outputs through programmable switch matrix to the /O block. Each PLD typically
contains 8 to 16 macrocells. In some cases the macrocell flip-flop is programmed in

such a way that it can act as JK, D or T flip-flop.

4.17.3 Field Programmable gate Array (FPGA)

A field programmable gate array (FPGA) is a programmable device that can
be programmed at the user’s location. The word ‘field’ in the name refers to the
ability of the gate arrays to be programmed for a specific function by the user instead
of by the manufacturer of the devices. The word ‘array’ is used to indicate a series of
rows or columns of gates that can be programmed by the end user. A FPGA consists
of an array of hundred or thousands of Programmable logic blocks surrounded by
programmable input and output blocks (IOB) and connected together via

programmable interconnections known as switching matrix.




JI0HE

S

Bind flip-flops. A lookup table is a truth

' Il

imction for the logic block.

Figure 4.120 General FPGA
' .. The programmable logic block consists of lookup tables, multiplexers, gates
table stored in a SRAM and provides the

o

chip architecture

— Programmable
interconnection

Ml

Horizontal
channels

LT

CLB

REN

Tl

M—\ point

Switching
matrix

—

[—

e

"

. WHF\ Vertical

e trice
Figure 4.121 Switchiog ™

il

channels

111

< and programmable interconnect points
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gic Ci"ﬂuih

The programmable logic bl
blocks (CLBs) also known as Logic elements (LE)-
between the CLB using programmable interconnect known
shown in figure 4,122,

as switching mayyj, .

——2ui

ocks of FPGAs are r:'alled mnﬁ.gurahle log,
The interconnection are

&

.
“Connguntie | [ Confghble st HCotuinie,} Canfiguabi
-']hnr;cimh_ ' 'IH'I-r:IJqucF:l ) o 1I:I:!]:|:|HMI::_{ 5 losic blocks
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- Figure 4.122 Interconnection between CLBs

FPGAs typically offer several types of interconnect depending on the
distance between CLBs. Connections between CLB may requires complex paths,
since the CLBs are arranged in two dimensional structure. We therefore need to
make connections not just between CLBs and wires but also between the wires
Wires are typically organized in wiring channels or routing channels that run |
horizontally and vertically through the chip. The horizontal channel and vertical |
channel contains several wires and the programmer chooses which wire will be used |

in each channel to carry the signal.
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Figure 4.123 Configurable logic block (CLB)
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Figure 4.124 Configurable logic block with Flip-flop

’ The Igﬂdf:l:' tﬂh:: IISI a CLB is an SRAM that is used to implement a truth
. address in the SRAM TEPI'ESEmﬂ a cumhmﬂtmn of i inputs to the CLBs. A

y contain registers, flip-flops and latches as wn:ll as combinational logic as
ym in figure 4.124.

-: The FF'GA can be easily reprogrammed. The 1/O pins connect it to the
pside world. Output pins provide buffers with sufficient drive to produce adequate

-__.'% on the pins. Each /O bim:L is driven by a tri-state. buffer and can be
- __-'.1...- d to act as input or output.

#RPLICATION SFECIFIC INTEGRATE

grated circuit is an integrated circuit (IC) custo mized
than mtr:nded for general purpose use.

designed to run @ digital voice recorder, a chip
ed 1o handle the interface between memory and

D CIRCUITS (ASIC)

u1 ication specific inte
ficula r apphuat]ﬂn rather.

" s of ASIC are an IC

hould design SOMe or all the logic cells,
i here are no suitable existing cell
is might be because

-:Iumgu Thi
115 are not small enough or

nif the ASIC technology

er
3 the dEEIEﬂ d o g“ jf-l
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4.18.2 Standard-cell hased ASIGd -
A cell based ASIC (Cell base

¢ CBIC) uses predefined logjc cells

: e predefined log; g
e, OR gates, multiplexers A Emn;al;rwlja Esre.d in mm;?rl;ﬂ:“lh
:1 e sg:m;mdnrd cells, The standard cell areas lon Wi
pwn @ !

microcontrollers kn
nicroprocessor Of : 0wy
ned cells such as ! . l-custom bloc 4
Iazggzluﬁfﬁigumlls are also called megafunctions, ful KS, System levy
m ;

(SLMs), fixed blocks cores ot Functional standard Blocks (FSBs),
macros gk 8 -
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- Figure 4.1'25 Standard-cell based ASIC

- The figure 4.125 shows a' standard-cell based ASIC. In this, the ASK
designer define only the placement of the standard cells and the interconnect in
cell based IC. However the standard cell can be pl.aced anywhere on the silicon. T
advantage of CBIC is that designers save time, money and reduce risk by using i

i]ft::?;?d or predesigned standard cell libraries, The disadvantage of cell pased IC
¢ or expense of designing the standard cell library is high.

standard cell library is designed using full custom methods. mppﬂ

and ground Ji hEe
2 unfali ; m;:;z run hnrlznntally on metal lines inside the cells. Usually the des®
! s the number of Power and ground lines,
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array base ASIC ified i
e are classified into 3 types,

. Chenneled gate array
;. Channel less gate array

3, Structured gate array
(1831 channeled gate array
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Figure 4,126 Channeled gate array
channels used for

Ina rows of cells 2 separated by
BED:I::‘;@E; m*zﬁémm hetween the rows of cells are fixed in height
or 1

]
oy in figure 4.126.
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4.18.3.2 Chanriel-less gate array
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Figure 4.127 Channel-less gate array

In a channcl-less gate array, there is no predefined areas (channel) fu
interconnection between the cells as shown in figure 4.127. Here the routing or
interconnection is done on the top of the gate array device. The amount of logic cel
that can be implemented in a g;wm silicon area is Irugher for channel-less gate amy
than for channeled gate array.

- 4,18.3.3 Structured gate array

Structured gate array is also known as embedded gate array. It combiss

~ some of the features of CBIC (cell based IC) and gate array based ICs. In a structusd

~ gate array we set some of the IC area and dedicate it to a specific function as sho™"

in figure 4.128. This embedded area either can contain a different base cell th?

more smmh]e for building memory cells, or it can contain a complex circuit b
such as microcontrollers.
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Figure 4,128 Structured galc array




