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Abstract

There are twelve possible design options for-Flip Flops but conventionally, two desi
options are in use. This paper thfocuses, omall the design options with a comparat
analysis and implementatian why the two most used opts are considerefeasible in the
design of digital device applicatio From the analysis presented in this paper, obvious
that conventional SRip Flops that contains only two gates will noh&ion fully as an Sk

Flip Flop because there are four Active/transitistates in any S-Flip Flop which suggest:
a minimum number of gates that may be required totrtieg requiremen The Active state

are identified and analysed from the-Flip Flop Truth Tablausing the NOR or NAND gate
which are the two design active elements oi-Flip Flip. Using the conventional circL
diagram of SR-lip Flops with two cros-couple gateghe number of transitions observed to
be less than the number of input combinat. Hence,it obvious that one of the transiti
states will be attached to two input combinat which in effectincrease the usefulness

such Flip Flop from 25% to 50% utilizatic

Key words - Flip Flops (Bstable Multivibrators) Conventional Active state Resting state,
Forbiddestate NOR and NAND gates, B4aps, Truth Tabl

1. Introduction

Flip Flops are important digital electronic devidbat have found very many uses in
development ofcomputer systems. Flip Flops are electrally referred to as Bistab
Multivibrators (BMs) which are configured with twappropriately biased transistors t
are connected back-tmack to produce two stable state outputs. The lddtalectronic
circuitry of BMs is not the purpose of this paper. Thatdigounterpart is built up by usir
digital gates rather than using discrete electroalements (Transistors, Resistc
Capacitors, etc) which is the approach this papéradopt to present the ansis and
design of Flip Flops.

Four types of Flip Flops are currently in the markkesign of whicthas been establishi
many years back. A close study of the design revialt there is basically only one type
Flip Flop referred to as SRHp Flop. The other three types arerdred from this basic on
An SR-Flip Flopis examined in details in section 2 of this pe

2. Analysisof SR-Flip Flops

SR-Flip Flops are two-input and two-output devices diagrammatically presented in Figure 1.

—>» S or——
Flip Flop (FF)
SNy ol—»

Figure 1: SR-Flip Flop Symbol
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The inputs and outputs are defined as follows:

S = SET responsible to set the Flip Flop into aipouof logic 1

R = RESET responsible to reset the Flip Flop im@atput of logic O

Q= Complemented output of the Flip Flop

Q= Uncomplemented output of the Flip Flop which agmally referred to as the actual Flip
Flop output.

Since there are two input variables, there are pmssible combinations of these variables
that will cause possible transitions of the outpuithe Flip Flop to take place. These are
presented in Table 1

Table 1: FF Input
Combinations
SR SR SR
(Letters) | (Binary) | (Decimal)
SR 00 0
SR 01 1
SR 10 2
SR 11 3

Three transitions of the output of SR-Flip Flops aell known as follows:

- Resting State: Occurs when the output of the Flip Flop does mainge state whenever
it receives any input combination.

- Active State: Occurs when the output of the Flip Flop changeestdnenever it receives
any input combination.

- Forbidden State: Occurs when the output of the Flip Flop does nmaivk whether to
change state or not whenever it receives any iopobination. That is, the Flip Flop is
in a state of confusion. Hence, such conditionsSMlbe prevented. Thus, input
combinations that give rise to such a state aralmwved. These are forbidden.

Since the number of transitions is less than thebar of input combinations, it becomes
obvious that one of the transition states will b&&ached to two input combinations. It is
reasonable to expect that it is tAetive State that will require two transitions in order to
increase the usefulness of such Flip Flop from 26%0% utilization. Consequent upon
this logic, the number of configurations of SR-Hhjops that can be derived is presented in

Tables 2 & 3
Table 2: Possible Design Options of an SR-Flip Flop
Transition States SR SR SR SR SR
(Decimal) | (Decimal) | (Decimal) (Decimal) | (Decimal)
RESTING 2 3 1 0 0
ACTIVE 0,1 0,2 0,3 1,3 2,3
FORBIDDEN 3 1 2 2 1
Table 3: Possible Design Options of an SR-Flip Flop
Transition States SR SR SR SR SR
(Decimal) | (Decimal) | (Decimal) (Decimal) | (Decimal)
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RESTING 3 1 2 2 1
ACTIVE 0,1 0,2 0,3 1,3 2,3
FORBIDDEN 2 3 1 0 0

From Tables 2 & 3, there are twelve possible desjgiions for SR-Flip Flops but the two
most popular design options are the ones shadéuedable whose Truth Tables are shown
in Table 4. Note that because of the sequentialreatf Flip Flops (feedback), for each
transition, there are eight transition states.

Table 4: Truth Table of SR-Flip Flop
Using Table 2 Using Table 3
S| R |Q,| Q.| Transition S| R|Q,| Q.1 | Transition
State State
0|0] O 0 Resting 00| 0 d | Forbidden
0|01 1 Resting 0(0] 1 d | Forbidden
o|1/|0 0 Active 0|10 1 Active
oj1 |1 0 Active 01| 1 1 Active
110]0 1 Active 1/0| 0 0 Active
11011 1 Active 1/0] 1 0 Active
1/1|0 D Forbidden 11| 0 0 Resting
1111 D Forbidden 1111 1 Resting
NOTES:
Q, = previous output, Q,,; = present output, d=1don’t care term (0,1)
For active transition, using Table 1.2, Q,,; =S
For active transition, using Table 1.2, Q,,; =R

2.1 Logic Circuit of an SR-Flip Flop
The Truth Table of Table 4 is converted into a KgMa order to obtain the minimized
logic equations of the Flip Flop as follows: Table

Table 5: K-Map of Table 4

Lo
Qn+1 =S +RQp ......(1a) Qn+1 =S +RQp ... (2a)
Qni1 =R+ S50y ... .. (1b) Qni1 =R+ 50y ... (2b)

Logic equations (1a, 1b) & (2a, 2b) are derivedrfrihe K-Map and they can be used to
construct the Flip Flop using the different gateggeven by the equations. However, it is
customary to use NOR and NAND gates to constrgitlequations (1a, 1b) and (2a, 2b)
respectively by converting the equations into thgetes as follows:

Qn+1 =S+ ﬁQn ------ (1a)

RQ, =R+ Qy .....(1C)

Put equation (1c) into (1a), we have
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Qni1=S+R+0, ... (1d)
Complement equation (1d), we have

Qui1=S+R+0Q, ....(le)

Qui1=R+S0Q, ..... (1b)

S0, =S¥0p....(1f)
Put equations (1f) into (1b), we have

Qni1=R+S5S+Qn.....(19)
Complement equation (1h), we have

Qui1=R+S+Q, ....(1h)

Equations (1e) & (1h) are combined to constructltgec circuit of SR-Flip Flop using
only NOR gates as shown in Figure 2

Figure 2: Logic Circuit of SR-Flip Flop Using NOR Gates

The same procedure is followed to obtain the legicuit shown in Figure 3

Figure 3: Logic Circuit of SR-Flip Flop Using NAND Gates

2.2 Alternative Logic Circuit of an SR-Flip Flop
Figures 2 & 3 are often reduced to only two gaked &re connected as shown in Figure
4.1 & 5.1 without any logical explanation how it et® the requirements and functions of
an SR-Flip flop. Figures 4.1 & 5.1 are analysegrave that it does not represent fully an
SR-Flip Flop.

2.3.1 SR-Flip Flop (NOR Gate Configuration)
This SR-Flip Flop will be examined by trying to ares the following question:

Given the two configurations shown in Figures 4.5.&, identify the configuration that
is probable to be used as an SR-Flip Flip statiteg donditions considered for your
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Can this choice of yours be used to safisfly the characteristics of a

conventionally accepted SR-Flip Flop? If not, whnatdifications are necessary to meet
the design requirements? If yes, how does it &ehtiee required characteristics?

Q Q
Q Q
Figure 4.1 Figure 5.1
From Figure 1.4.1,
Q_n+1(1) =5+Q,= S_'Q,i =0—-1=001,011=(1) e cercer ctr ver vee eee e (@)
Q,41(0) =R+ Q,, = RQ,, =—00=000,100 = (0) ... e eer ver ver vue eue oo (D)
From SR-Flip Flop (+ve Logic configuration), SR©110,111=(d) .............. (c)
Plot equations (a), (b) & (c) into a K-Map and Truth Table as follows (see Table 6):
Table 6: Truth Table for Figure 4.1 Using Equations (a) Through (c) Above K-MAP

Qa

Qn+1

0

0

(RO

2 R |R|-
@]
—
m
wn

wn e

4.

The Resting & Forbidden states are satisfied as an SR-Flip Flop

REMARKS

The Value of Q.4 is determined from equation (b)

The Value of Q,,; is determined from equation (a)

Resting States

This value of Q.4 is indeterminate

A=0orl

The Value of Q,,; is determined from equation (a)

The output follows ‘R’
Thatis, Q.1 =R

The Value of Q.4 is determined from equation (b)

The output follows ‘R’
Thatis, Q,:1 =R

This value of Q.4 is indeterminate

B=0or1l

The Value of Q,,; is determined from equation (c)

The Value of Q,,; is determined from equation (c)

Forbidden State

The Active states partly follows ‘R’ instead of ‘S’ for an SR-Flip Flop

The Active states partly give 2 indeterminate outputs, ‘A" and ‘B’. That is, the outputs can either follow ‘S’ or ‘R’

depending on the unspecified states

From K-Map, the equation for the Flip Flop output does not agree with that of a conventionally acceptable SR-Flip

Flop.
Hence, this configuration (Figure 4.1) does not satisfy the required conditions for an SR-Flip Flop.

From Figure 5.1,
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Q_n_,_l(l) =R+ én _=_§Qn =—01=001,101 = (1) . ce cer vee ee v e (@)
Q1 =S+0,=50,=0—-0=000,010 =(0) ... 0 svr cer er ez ve o (D)
From SR-Flip Flop (+ve Logic configuration), SR©110,111=(d) ............... (C)
Plot equations (a), (b) & (c) into a K-Map and Truth Table as shown in Figure 7
Table 7: Truth Table for Figure 5.1 Using Equations (a) Through (c) above K-MAP
s [rRlq, W REMARKS SR
0 olo 0 The Value of Q,,,; is determined from equation (b) Resting 00 01 11 10
States Q,
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0 0|1 1 The Value of Q,,,; is determined from equation (a) 0 0 0 d B
0 110 0 The Value of Q.4 is determined from equation (b) The output 1 1 )A d Q
follows ‘S’ —
0 111 A This value of Q1 is indeterminate A=0or1l
1 ol0 B This value of Q1 is indeterminate B=0or1l Quiy = EQn =R+ Qn
1 0l 1 1 The Value of Q,,,; is determined from equation (a) The output
follows ‘S’
1 110 d The Value of Q,,, is determined from equation (c) Forbidden
1 111 d The Value of Q,; is determined from equation (c) | State
NOTES:
1. The Resting & Forbidden states are satisfied as an SR-Flip Flop
2. The Active states partly follows ‘S’ as required for an SR-Flip Flop. Thatis, Q.. =S
3. The Active states partly give 2 indeterminate outputs,” A’ and ‘B’. That is, the outputs can either follow ‘S’ or
‘R’ depending on the unspecified states
4. From K-Map, the equation for the Flip Flop output does not agree with that of a conventionally acceptable SR-
Flip Flop.
Hence, this configuration (Fig 5.1) does not fully satisfy the characteristics of an SR-Flip Flop because only half of its
Active states will produce the required output while the other half may or may not produce the required output.
However, this configuration is more acceptable than Fig 1 because half of its output follows ‘S’ as required for an
SR-Flip Flop.

The modification required for Figure 5.1 is chosen from the four possible options as presented in
Table 8

Table 8: Four Possible Options to Modify Figure 5.1
K-MAP
(Figure 5) Qn1=S+RQ,...(2)
SR
AB =00 AB=01 (el 00 O 0
0 0O (0 |[D |1
1) o [ld |1
p—— \_>4-
Q1 =5+Q,
SR
AB =10 ABSLE 00 01 11 10

The required modification is only AB = 01 for an-$Rp Flop that is designed with positive
logic (NOR Gates Configuration). That is, all thetive states are required to follow ‘S’

Similarly, the modification required for Figure 4slchosen from the four possible options is
presented in Table 9

Table 9: Four Possible Options to Modify Figure 4.1
K-MAP
Q.1 = RQ, (Figure 1.4)
http: // www.ijesrt.com (C) International Journal of Engineering Sciences & Research Technology
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Qn+1=§+Ro~n
SR
AB=00 AB=10 Q, 0 0
Ol d (1 YO |O
d [@ [1)o
Qn+1=§+Qn

AB =01 AB=11

The required modification is only AB = 10 for an -&Rp Flop that is designed with negative
logic (NAND Gates Configuration). That is, all tAetive states are required to follow ‘R’.
In addition, the Resting and Forbidden states@betexchanged. That is, SR@orbidden
states) = 000, 001 = d, and SR@esting States) = 1100, 111= 1.

Alter native Solution

Q Q
Q Q
Figure 4.2 Figure 5.2
From Figure 4.2,
QTL+1 = S + Q_Tl e (a)
Qi1 =R+0Qp v v v e e e (D)
If Qn+1 = @y, substituting equation (a) into equation (b) amdwisa, we have
Qui1(D=S+R+0,=S+RQ, =(1) ceeesces ces eev e ... (al)
Qni1(0)=R+S+0Q0,=R+SQ,=(0) e ce0 cev eve ere eee e e (D)
From SR-Flip Flop (NOR gate configuration), SR€110,111= (d) ............... (C)

Plot equations (al), (b1) & (c) into a K-Map andiffr Table (Table 10) as follows:
Examples: For S =0, R =1,8 0, we have from equation (al),:Q=0 = 1 and from
equation (b1)Q,..; = R =1 = 0. This procedure is continued for SRE011, 100 & 101

Table 10: Truth Table for Figure 4.2 Using Equations (a) through (c) Above

R | Q, REMARKS

Resting State

The output follows ‘R’. Thatis, Q.1 =R

The output follows ‘R’. Thatis, Q.1 =R

RlOlOO|O|Wn0

O(Rr|kr|O|O
O(Rr|O|r|O

The output follows ‘R’. Thatis, Q.1 =R

http: // www.ijesrt.com (C) International Journal of Engineering Sciences & Research Technology
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1 0 |1 The output follows ‘R’. Thatis, Q.1 =R
1 1|0 Forbidden State

1 1|1 D

NOTES:

1. The Resting states are satisfied as an SR-Flip Flop
2. The Active states partly follow ‘R’ as required for an SR-Flip Flop designed with —ve logic (NAND Gate
Configuration).

3. The forbidden states do not agree with NAND Gate Configuration.
Hence, this configuration (Fig 4.2) does not fully satisfy the characteristics of an SR-Flip Flop because its Active
states follow ‘R’ instead of ‘S” and its forbidden states are wrongly assigned.
Note that this analysis is only possible if it can be ascertained that at all times, the signals arriving at terminals ‘S’
and ‘R’ are received at different time and that the propagation times (t) of both NOR gates are the same. That is,
Q, = Qn1 and Ts = Tp.

From Figure 5.2,

Qpns1 =S+ Qp e cvv e eee v eve v e (D)
If Qn+1 = Q, Substituting equation (a) into equation (b) aim@wisa, we have
Qnsi1(D=R+S+0,=R+S0,=(1) e ccr v cer e e .. (al)
0:1(0)=S+R+0,=S+RQp, =(0) e ceses es es ev e (1)
From SR-Flip Flop (+ve Logic configuration), SR®110,111= (d) ............... (C)

Plot equations (al), (b1) & (c) into a K-Map andiffrTable (Table 11) as follows:
Examples: For S =0,R=1,Q0,we have from equation (al):@ =1 = 0 and
from equation (b1)Q,,.; = 0 = 1. This procedure is continued for SR011, 100 & 101

Table 11: Truth Table for Figure 5.2 Using Equations (a) through (c) K-MAP
Above

S R | Q, Qi1 le REMARKS SR
0 0O |0 0] 0 Resting State Q, 00 O 0
0 0 |1 1 0] 0 0 |0 |[d |1
0 |1 ]0 | B The output follows ‘S’. That is, Qs = S 1 Jo \d |1
0 1 |1 0 1 The output follows ‘S’. Thatis, Qu =S - ~
1 0 |0 1 0] The output follows ‘S’. Thatis, Q.1 =S Q..1 =S+ RQ,
1 0 |1 1 0] The output follows ‘S’. Thatis, Q.1 =S
1 110 d d Forbidden State
1 1|1 d d
NOTES:
1. The Resting states are satisfied as an SR-Flip Flop
2. The Active states follow ‘S’ as required for an SR-Flip Flop designed with +ve logic (NOR Gate Configuration).
3. The Forbidden states are properly assigned.
Hence, this configuration (Fig 5.2) does fully satisfy the characteristics of an SR-Flip Flop because the three required
conditions stated above are fully met.
NOTE: This is only possible if it can be ascertained that at all times, the signals arriving at terminals ‘S’ and ‘R’ are received
at different time and that the propagation times (t) of both NOR gates are the same. Thatis, Q, = Q,,; and Ts = T.

2.3.2 SR-Flip Flop (NAND Gate Configuration)
This SR-Flip Flop will be examined by trying to ares the following question:

http: // www.ijesrt.com (C) International Journal of Engineering Sciences & Research Technology
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Given the two configurations shown in Figures 6.7Z.&, identify the configuration that
is probable to be used as an SR-Flip Flip statiteg donditions considered for your
choice. Can this choice of yours be used to safisfly the characteristics of a
conventionally accepted SR-Flip Flop? If not, whnatidifications are necessary to meet
the design requirements? If yes, how does it &ehtiee required characteristics?

Q —S5— Q
Q R Q
Figure 6.2 Figure 7.2

From Figure 7.2,
Qn+1(1) = SQp = T=10 = 011,001 =(1) ..
Qns1(0) = ROy = —1T1 = 100,000 = (0) ... .
From SR-Flip Flop (+ve Logic configuration), SR@OO0,00L (d)

Plot equations (a), (b) & (c) into a K-Map and Trdtable as follows (see Table 12):

Table 12: Truth Table for Figure 7.2 Using Equations (a) through (c) Above K-MAP
S R REMARKS
0 0 The Value of Q,,; is determined Forbidden State, d. For this 01 11 10
from equations (b) & (c) state, X is preferred.
0 0 The Value of Q,,; is determined Forbidden State, d. For this
from equations (a) & (c) state, X is preferred.
0 1 This value of Q,,; is indeterminate | A=0or1
0 1 The Value of Q,,; is determined The output follows ‘R’
from equation (a) Thatis, Q,.; =R
1 0 The Value of Q,,; is determined The output follows ‘R’
from equation (b) That is, Q,.; =R
1 0 This value of Q,,; is indeterminate | (B=0or1)
1 1 This value of Q,,,; is indeterminate | Resting State, 0 (C=0or 1)
1 1 This value of Q,,,; is indeterminate | Resting State, 1(D =0 or 1)
NOTES:
1. The Resting & Forbidden states do not satisfy a NAND-gate SR-Flip Flop
2. Only two Active states follows ‘R’ as expected of a NAND-gate SR-FF. The other two Active states are
indeterminate.
3. From K-Map, the equation for the Flip Flop output does not agree with that of a conventionally acceptable SR-
Flip Flop.
Hence, this configuration (Figure 6.2) does not satisfy the required conditions for a NAND-gate SR-Flip Flop.

From Figure 7.2,
Qn1(1) = RO, = =10 = 101,001 = (1) ...
0n+1(0) =50, =1 —1 = 010,000 = (0) ...
From SR-Flip Flop (+ve Logic configuration), SR® 000, 001_ (d)

. (a)
. (b)
. (©)

(C) International Journal of Engineering Sciences & Research Technology
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Plot equations (a), (b) & (c) into a K-Map and Trdtable as follows (see Table 13):

Table 13: Truth Table for Figure 7.2 Using Equations (a) through (c) Above

S |R
0|0
0|0
0 |1
0 |1
1 1|0
110
1|1
1|1
NOTES:
1.
2.
3.

Flip Flop.

REMARKS

K-MAP

The Value of Q,,; is determined from
equation (b)

Forbidden State, d. For this

state, X is preferred.

The Value of Q,,; is determined from
equation (a)

Forbidden State, d. For this

state, X is preferred.

The Value of Q,,; is determined from
equation (b)

The output follows ‘S’

This value of Q,,,; is indeterminate

A=0orl

This value of Q,,,; is indeterminate

B=0or1l

The Value of Q,,,; is determined from
equation (a)

The output follows ‘S’

This value of Q,,,; is indeterminate

Resting State, 0 (C=0or 1)

This value of Q,,,; is indeterminate

Resting State, (D=0or 1)

Qn+1:RQn =R + GTL

The Resting & Forbidden states failed to satisfy any SR-Flip Flop
Only two Active states follows ‘S’ as required for a NOR-gate SR-Flip Flop.
From K-Map, the equation for the Flip Flop output does not agree with that of a conventionally acceptable SR-

Comparing the analysis of both Figure 6.2 & Figou2, Figure 6.2 is closer to a NAND-gate SR-FF
because its two Active states that are determirfabitev ‘R’ as required for a NAND-gate SR-FF.

The modification required for Figure 6.2 is chof®m the sixteen possible options presented indabl

15 or alternatively, it can be determined from khewn Truth Table of NAND-gate SR-FF. That is,
determine the values of A, B, C & D as shown inl&&lat (ABCD = 1001 = 9).

S |R | Q, et
0 |0 |0 N
0 |0 |1 [
0 |1 (0O i
0 |1 |1 pt
1 ({0 |0 g
1 (0 |1 NN
1 (1 |0 NS
1 (1 |1 pt

Table 14: Truth Table for Figure 6.2

K-MAP

REMARKS

The Value of Q,,; is determined from
equations (c)

Forbidden State, X. For this
state, X is preferred.

The Value of Q,; is determined from
equations (c)

Forbidden State, X. For this
state, X is preferred.

A=1

The Value of Q,,; is determined from
equation (a)

The output follows ‘R’
Thatis, Q,.1 =R

The Value of Q,,; is determined from
equation (b)

The output follows ‘R’
Thatis, Q.1 =R

(8=0)

Resting State, 0 (C = 0)

Resting State, 1 (D =1)

Table 15: Sixteen Possible Options to Modify Figure 6.2

http: // www.ijesrt.com
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00 01 11

ABCD = 0010 (2) ABCD = 0011 (3)

K-MAP

00 O 'l ABCD = 0100 (4) ABCD = 0101 (5)
Q
0 d\{o |0 |/1

djlo | o0]}|1
Qn+1 = I_z + San"(s)

BCD = 0110 (6) ABCD = 0111 (7)
K-MAP
ABCD = 1000 (8) ABCD = 1001 (9)

Equation (9) is the only one that agrees
with the equation of a NAND-gate SR-FF.
Hence, the modifications required is given
by ABCD = 1001.

ABCD = 1010 (10) ABCD = 1011 (11)

Q.:=S+R..(12) K-MAP Qu=Q,+S+R ..(13)
00 O 'l ABCD = 1100 (12) ABCD = 1101 (13) 00 0 0
Qn Q"'
0 0 | 0 1
0 1)1 \>
Qui=R+5+0Q, ..(14) Qu1=1 ..(15)
ABCD = 1110 (14) ABCD = 1111 (15)

The required modifications of Figure 7.2 are toagnaHence, it is not engineering-wise to
modify Figure 7.2 since the modification of Fig @i2es a perfect design.

Alter native Solution
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s——) Q s "
L

R Qn R Q
Figure 6.3 Figure 7.3

From Figure 6.3,

Q1 = SQn coe oo et e e e (@)
Qpi1 = ROy e oee e v v e (D)
If Qn+1 = Q, Substituting equation (a) into equation (b) afm@wisa, we have
Qni1 (D) = SR_Qn =(1) e v v v e (@)
0n+1(0) = RSQy = (0) cvv e v e v s e (D)
From SR-Flip Flop (-ve Logic configuration), SR®00,001= (d) ............... (c)

Plot equations (a), (b1) & (c) into a K-Map and firiTable (Table 16) as follows:
Examples: For S =0, R =1,8 0, we have from equation (al),:Q=S5 =0 = 1 and

from equation (b1)Q,,,; = R = 1 = 0. This procedure is continued for SR€011, 100 & 101

Table 16: Truth Table for Figure 6.3 Using Equations (a) through (c) K-MAP

Above
S |R | Q REMARKS
0O |0 |O Forbidden States Qn 00 O 0
0 |0 |1 0 d 0 0
0|1 |0 The output follows ‘R’. Thatis, Q.1 =R w Ll’ ﬂ 0
0|1 |1 The output follows ‘R’. Thatis, Q.1 =R -
1]0 |0 The output follows ‘R’. Thatis, Qu1 =R | Qui=S + RQ,
1 (0 |1 The output follows ‘R’. Thatis, Q,.; =R | This is the same as equation (9)
1 11 lo Resting States earlier obtained.
1|1 (1
NOTES:

1. The Resting and Forbidden states satisfy the conditions required for a NAND-gate SR-FF
2. The Active states partly follow ‘R’ as required for a NAND-gate SR-Flip Flop.

Hence, this configuration (Fig 6.3) fully satisfy the characteristics of a NAND-gate SR-Flip Flop because its Active states
follow ‘R’ instead of ‘S’ and its forbidden states are correctly assigned.

This analysis is only possible if it can be ascertained that, at all times, the signals arriving at terminals ‘S’ and ‘R’ are
received at different times and that the propagation times (t) of both NAND gates are the same. That s, Q, = Qn41
and Ts = Ty.

From Figure 7.3,

QTL+1 = RQ_TI SRRITEIIIIRTIRLE ﬁ)
Qns1 =SQn v vev vev vevee e e (D)
If Qn+1 = Q, Substituting equation (a) into equation (b) aim@wisa, we have
Qn+1(D) =RSQ, = (1) e e v ee e o (@)
0n+1(0) = SRQ, = (0) eev e v e v es e (D)
From SR-Flip Flop (-ve Logic configuration), SR 000, 001= (d) ............... (C)
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Plot equations (al), (b1) & (c) into a K-Map andiffrTable (Table 17) as follows:
Examples: For S =0,R=1,Q0,we have from equation (al),:Q=R =1 = 0 and
from equation (b1)Q,,.; = 0 = 1. This procedure is continued for SR011, 100 & 101

Table 17: Truth Table for Figure 7.3 Using Equations (a) K-MAP
through (c) Above
S | R| Q gei Qn+1 REMARKS
0O |0 1|0 Forbidden States SR 00 01 @11
0|01 [d\[ 0
0 110 The output follows ‘'S’. Thatis, @, =S
ol11l1 The output follows ‘S’. Thatis, Q= S — N~
11/o0lo0 The output follows ‘S™. Thatis, =S | Q,,; =R + SQ
1 0 1 The output follows ‘S’. Thatis, @, =S
1 110 Resting States
1|1 |1
NOTES:
1. The Resting & Forbidden states are satisfied as a NAND-gate SR-Flip Flop
2. The Active states follow ‘S’ as if it were for a NOR-gate SR-Flip Flop. Hence, Fig 2 fails to meet the
requirements of a NAND-gate SR-FF.

3 Conclusion
From the analysis presented in this paper, itavga beyond any doubt that Figures 2 & 3 are
the valid logic circuits for SR-Flip Flops while yaother that contains only two gates will not
function fully as an SR-Flip Flop. There are fouctike/transition states in any SR-Flip Flop
which suggests, as a rule of thumb, the minimumbeamof gates that may be required to meet
this requirement.

These Active states are identified and analysenh fitme SR-Flip Flop Truth Table shown in
Table 18 as follows:

Active state 2o = 01Q whereQ,, — Q,,,. That is, 0— 0 (No transition).

Active state 3 = 01L whereQ,, — Q... Thatis, 1— 0 (There is a transition).

Active state 4o = 01Q whereQ,, — Q... That is, 0— 1 (There is a transition).

Active state 5 = 01Q whereQ,, — Q,,,. That is, 1— 1 (No transition).

From the above list of possible transition statesppears as if there is no transition taken
place in the Active states2& 510. This may be what is responsible for the two miggates

in Figures 4.1, 5.1, 4.2,5.2, 6.2, 7.2, 6.3 & HB8wever, a close examination of the transitions
presented in Table 18, reveals as follows:

Table 18: Truth Table of SR-Flip Flop
S/N| S | R | Q| Qu Transition State
0 0O 0 O Resting
1 0O 0 1 Resting
2 0O(1]0 " 0 | 1diagonal transition Active
3 0| 1| 1=r%0 1 diagonal transition, 1 horizontal transition Active
4 10| 0o=m>1 1 horizontal transition Active
5 101 1 No transition Active
Ol 1 1 O ‘ ol ‘ Forbidden
a1 1 1] d | Forbidden

http: // www.ijesrt.com (C) International Journal of Engineering Sciences & Research Technology
[2433-2446]



[Omotosho, 2(9): September, 2013] ISSN: 2277-9655
Impact Factor: 1.852

- Active state 2 = 01Q whereQ,, — Q,41-
That is, 0— 0 (No horizontal transition but there is one diagidransition,L — 0).
- Active state = 01%L whereQ,, — Q1.
That is,1 — 0 (There is a horizontal and a diagonal transitiba; 1).
- Active state 4o = 01Q whereQ,, — Q1.
That is,0 — 1 (There is a horizontal transition).
- Active state 5 = 01Q whereQ,, — Q,4,. Thatis, 1— 1 (No transition).
This make a total four transitions as expectedrapdesented by the four-gate logic circuits of
Figures 2 & 3. This analysis further supports thsifion of this paper.
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