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Abstract -Conventionally, two design options of SET – RESET 
(SR) Flip Flops are in use, while twelve possible design options 
are available. This paper focuseson all the design options with a 
comparative analysison why the two most used options are 
considered feasible in the design of digital device applications.It 
is observed from this paper that conventional SR-Flip Flops 
that contains only two cross-couple gates will not function fully 
as an SR-Flip Flop because there are four Active/transitional 
states in any SR-Flip Flop using the NOR or NAND gates.  The 
conventional circuit diagram of SR-Flip Flops with two cross-
couple gates shows that the number of transitions isless than 
the number of input combinations. Hence, it is obvious that one 
of the transition states will be attached to two input 
combinations which increases the usefulness of the Flip Flop 
from 25% to 50% utilization. 
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I. INTRODUCTION 

Flip Flops are important digital electronic devices that 
have found very many uses in the development of 
computer systems, [1]. Flip Flops are electronically 
referred to as Bi-stable Multi-vibrators (BMs) which are 
configured with two appropriately biased transistors that 
are connected back-to-back to produce two stable state 
outputs,[2,3,4]. The detailed electronic circuitry of BMs is 
not the purpose of this paper. The digital counterpart is 
built up by using digital gates rather than using discrete 
electronic elements(Transistors, Resistors, Capacitors, etc.) 
which is the approach this paper will adopt to present the 
analysis and design of Flip Flops. 

II. ANALYSIS OF SR-FLIP FLOPS 

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

 

Figure 1: SR-Flip Flop Symbol 

The inputs and outputs are defined as follows: 

S = SET responsible to set the Flip Flop into an output of 
logic 1 

R=RESET responsible to reset the Flip Flop into an output 
of logic 0 

𝑄𝑄�= Complemented output of the Flip Flop 

𝑄𝑄=Un-complemented output of the Flip Flop (normally 
referred to as the actual) output. 

There are four possible combinations of the two inputs 
variables that will result intopossible transitions of the 
output of the Flip Flop to take place as shown in Table 1. 

Table 1: FF Input Combinations 

SR 
(Letters) 

SR 
(Binary) 

SR 
(Decimal) 

𝑆𝑆̅𝑅𝑅� 00 0 

𝑆𝑆̅𝑅𝑅 01 1 

𝑆𝑆𝑅𝑅� 10 2 

𝑆𝑆𝑆𝑆 11 3 

 

The three transitions of the output of SR-Flip Flops that 
are well known can be seen as follows: 

• Resting State: Occurs when the output of the 
Flip Flop does not change state whenever it 
receives any input combination. 

• Active State: Occurs when the output of the 
Flip Flop change state whenever it receives 
any input combination. 

• Forbidden State: Occurs when the output of 
the Flip Flop does not know whether to 
change state or not whenever it receives any 
input combination. That is, the Flip Flop is in 
a state of confusion and input combinations 
that give rise to such a state are not allowed.  

Since the number of transitions is less than the number of 
input combinations, it becomes imperative that one of the 
transition states will be attached to two input 
combinations. It is therefore reasonable to expect that it is 
the Active State that will require two transitions in order to 
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increase the usefulness from 25% to 50% utilization. 
Consequent, the possible number of configurations of SR-

Flip Flops that can be derived is shown in Tables 2 &3. 

Table 2: Possible Design Options of an SR-Flip Flop Using NOR Gate Configuration 

Transition States 
SR 

(Decimal) 
SR 

(Decimal) 
SR 

(Decimal) 
SR 

(Decimal) 
SR 

(Decimal) 
SR 

(Decimal) 

RESTING 2 3 1 0 0 0 

ACTIVE 0,1 0, 2 0, 3 1, 2 1, 3 2, 3 

FORBIDDEN 3 1 2 3 2 1 
 

Table 3: Possible Design Options of an SR-Flip Flop Using NAND Gate Configuration 

Transition States 
SR 

(Decimal) 
SR 

(Decimal) 
SR 

(Decimal) 
SR 

(Decimal) 
SR 

(Decimal) 
SR 

(Decimal) 

RESTING 3 1 2 3 2 1 

ACTIVE 0,1 0, 2 0, 3 1, 2 1, 3 2, 3 

FORBIDDEN 2 3 1 0 0 0 
 

From Tables 2 &3, there are twelve possible design 
options for SR-Flip Flops but the two most popular 
design options are the ones shaded on the tableas shown 

in Table 4.It should be noted that because of the 
sequential nature of Flip Flops (feedback), for each 
transition, there are eight transition states. 

Table 4: Truth Table of SR-Flip Flop Using NOR and NAND Gates Configurations 

Using Table 2  Using Table 3 

S R Qn Qn+1 Transition 
State 

 S R Qn Qn+1 Transition 
State 

0 0 0 0 Resting  0 0 0 d Forbidden 

0 0 1 1 Resting  0 0 1 d Forbidden 

0 1 0 0 Active  0 1 0 1 Active 

0 1 1 0 Active  0 1 1 1 Active 

1 0 0 1 Active  1 0 0 0 Active 

1 0 1 1 Active  1 0 1 0 Active 

1 1 0 D Forbidden  1 1 0 0 Resting 

1 1 1 D Forbidden  1 1 1 1 Resting 

NOTES: 
Qn = previous output,   Qn+1 = present output,   D = I don’t care term (0,1) 

25% 

25% 

50% 
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III. LOGIC CIRCUIT OF AN SR-FLIP FLOP The Truth Table of Table 4 is converted into a K-Map in 
order to obtain the minimized logic equations of the Flip 
Flop as shown in Table 5. 

Table 5: K-Map of Table 4 

SR  SR 

Qn 00 01 11 10  Qn 00 01 11 10 

0 0 0 d 1  0 d 1 0 0 

1 1 0 D 1  1 d 1 1 0 

 

𝑄𝑄𝑛𝑛+1 = 𝑆𝑆 + 𝑅𝑅�𝑄𝑄𝑛𝑛 … … (1𝑎𝑎) 

𝑄𝑄�𝑛𝑛+1 = 𝑅𝑅 + 𝑆𝑆̅𝑄𝑄�𝑛𝑛 … … (1𝑏𝑏) 

  

𝑄𝑄𝑛𝑛+1 = 𝑆𝑆̅ + 𝑅𝑅𝑄𝑄𝑛𝑛 … … (2𝑎𝑎) 

𝑄𝑄�𝑛𝑛+1 = 𝑅𝑅� + 𝑆𝑆𝑄𝑄�𝑛𝑛 … … (2𝑏𝑏) 

 

Logic equations (1a, 1b) & (2a,2b) are derived from the 
K-Map and they can be used to construct the Flip Flop 
using NOR and NAND gates as given by the equations. 
The logic circuit diagrams using equations (1a, 1b) and 
(2a, 2b) respectively can be constructed by converting 
the equations into these gates as follows: 

𝑄𝑄𝑛𝑛+1 = 𝑆𝑆 + 𝑅𝑅�𝑄𝑄𝑛𝑛 … … (1𝑎𝑎) 

𝑅𝑅�𝑄𝑄𝑛𝑛������ = 𝑅𝑅 + 𝑄𝑄�𝑛𝑛���������… … (1𝑐𝑐) 

Put equation (1c) into (1a), we have 

𝑄𝑄𝑛𝑛+1 = 𝑆𝑆 + 𝑅𝑅 + 𝑄𝑄�𝑛𝑛���������… … (1𝑑𝑑) 

Complement equation (1d), we have 

𝑄𝑄�𝑛𝑛+1 = 𝑆𝑆 + 𝑅𝑅 + 𝑄𝑄�𝑛𝑛�����������������������… … (1𝑒𝑒) 

𝑄𝑄�𝑛𝑛+1 = 𝑅𝑅 + 𝑆𝑆̅𝑄𝑄�𝑛𝑛 … … (1𝑏𝑏) 

𝑆𝑆̅𝑄𝑄�𝑛𝑛����� = 𝑆𝑆 + 𝑄𝑄𝑛𝑛���������… … (1𝑓𝑓) 

Put equations (1f) into (1b), we have 

𝑄𝑄�𝑛𝑛+1 = 𝑅𝑅 + 𝑆𝑆 + 𝑄𝑄𝑛𝑛���������… … (1𝑔𝑔) 

Complement equation (1h), we have 

𝑄𝑄𝑛𝑛+1 = 𝑅𝑅 + 𝑆𝑆 + 𝑄𝑄𝑛𝑛�����������������������… … (1ℎ) 

Equations (1e) & (1h) are combined to construct the 
logic 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 

Similarly, the same procedure is followed to obtain the NAND gates logic circuit shown in Figure 3.  
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Figure 3: Logic Circuit of SR-Flip Flop Using NAND Gates 

For the SR-FF to function fully; four gates are required 
because only four active states are involved as observed 
in Table 4. The stored bit is present on the output marked 

Qn+1. Feedback maintains the Q n+1 and Q n+1 output in a 

constant state, with Q n+1 the complement of Q n+1, while 
the S and R inputs are both low. Hence, it is obvious that 
one of the transition states will be attached to two input 
combinations which in effect increase the usefulness of 
such Flip Flop from 25% to 50% active states utilization 

when compared to the conventional logic circuit as 
shown in Figures 4 and 5. 

IV. CONVENTIONAL LOGIC CIRCUIT OF AN 
SR-FLIP FLOP 

Figures 2 &3 are often reduced to only two gates that are 
connected as shown in Figures 4 &5 known as 
conventional SR Flip Flop without any logical 
explanation on how they meet the requirements and 
functions of an SR-Flip flop.  

 

Figure 4                                                                                                         Figure 5 

 

V. CONCLUSION 

From the analysis presented in this paper, it is proved 
beyond any doubt that Figures 2 &3 are the valid logic 
circuits for SR-Flip Flops while any other that contains 

only two gates will not function fully as an SR-Flip Flop. 
There are four Active/transition states in any SR-Flip 
Flop which suggests the minimum number of gates that 
may be required to meet this requirement as depicted in 
Table 6. 

Table 6: Analysed Truth Table of SR-Flip Flops 

S/N S R Qn Qn+1  TransitionState 

0 0 0 0 0  Resting 

1 0 0 1 1  Resting 

2 0 1 0 0 1 diagonal transition Active 

3 0 1 1 0 1 diagonal transition, 1 horizontal transition Active 

4 1 0 0 1 1 horizontal transition Active 
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5 1 0 1 1 No transition Active 

6 1 1 0 d  Forbidden 

7 1 1 1 d  Forbidden 

 

The Active states thus identified and analysed in Table 6are as follows: 

• Active state 210 = 0102 where 𝑄𝑄𝑛𝑛→ 𝑄𝑄𝑛𝑛+1. That is, 0 → 0 (No transition). 

• Active state 310 = 0112 where 𝑄𝑄𝑛𝑛→ 𝑄𝑄�𝑛𝑛+1. That is, 1 → 0 (There is a transition). 

• Active state 410 = 0102 where 𝑄𝑄�𝑛𝑛→ 𝑄𝑄𝑛𝑛+1. That is, 0 → 1 (There is a transition). 

• Active state 510 = 0102 where 𝑄𝑄𝑛𝑛→ 𝑄𝑄𝑛𝑛+1. That is, 1 → 1 (No transition). 

From the above list of possible transition states, it 
appears as if there is no transition taken place in the 
Active states 210& 510. This may be what is responsible 
for the two missing gates in the conventional SR Flip 
Flops. However, a diagonal transition did took place in 
210 while 510 got its transition from its complementary 
counterpart. 
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