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Introduction 

Flip flops are actually an application of logic gates. 
With the help of Boolean logic you can create 
memory with them. Flip flops can also be considered 
as the most basic idea of a Random Access Memory 
[RAM]. When a certain input value is given to them, 
they will be remembered and executed, if the logic 
gates are designed correctly. A higher application of 
flip flops is helpful in designing better electronic 
circuits. 

The most commonly used application of flip flops is 
in the implementation of a feedback circuit. As a 
memory relies on the feedback concept, flip flops 
can be used to design it. 

There are mainly four types of flip flops that are used 
in electronic circuits. They are 

1. The basic Flip Flop or S-R Flip Flop 

2. Delay Flip Flop [D Flip Flop] 

3. J-K Flip Flop 

4. T Flip Flop 

A. S-R FLIP FLOP 

The set-reset flip flop is designed with the help of 
two nor gates and also two NAND gates. These flip 
flops are also called s-r latch. 

B. S-R Flip Flop Using NOR Gate 

The design of such a flip flop includes two inputs, 
called the SET [S] and RESET [R]. There are also two 
outputs, Q and Q’. The diagram and truth table is 
shown below. 

Abstract 

A low power dual edge triggered flip flop based on a signal feed through scheme is presented. The 
power consumption is the major problem in circuit design. The proposed deign reduces power 
compared to explicit pulse triggered flip flop. Reducing the number of transistor in the stack and 
increasing the number of charge path leads to higher operational speed compared to others flip-flops. 
Double-edge-triggered flip flops (DETFFs) are recognized as power-saving flip flops. The dual edge 
triggered design operates in a low voltage range and hence it is suited for low voltage application. 
This flip flop uses weak feedback transistor but without static power consumption. This reduces 
leakage current and thus saves the power. By using low clock frequency high throughput can be 
achieved. The simulation is done using Tanner EDA Tool v14 with CMOS 45nm technology. In the 
thesis we propose a new technique for implementing low-energy double-edge triggered flip-flops is 
introduced. The new technique employs a clock branch-sharing scheme to reduce the number of 
clocked transistors in the design. The newly proposed design also employs conditional discharge and 
split-path techniques to further reduce switching activity and short-circuit currents, respectively. 

Keywords :- CMOS, double edge, flip-flop, low power. 

233



Sumant Kumar et al. International Journal of Science, Engineering and Technology, 2016, Volume 4 Issue 1 
ISSN (Online): 2348-4098 , ISSN (Print): 2395-4752 

 

 

Figure 1:- S-R Flip Flop using NOR Gate. 

B. D FLIP FLOP 

The circuit diagram and truth table is given below. 

 

Figure 2:- D Flip Flop 

D flip flop is actually a slight modification of the 
above explained clocked SR flip-flop. From the figure 
you can see that the D input is connected to the S 
input and the complement of the D input is 
connected to the R input. The D input is passed on to 
the flip flop when the value of CP is ‘1’. When CP is 
HIGH, the flip flop moves to the SET state. If it is ‘0’, 
the flip flop switches to the CLEAR state. 

C. J-K FLIP FLOP 

The circuit diagram and truth-table of a J-K flip flop 
is shown below. 

 

Figure 3:- J-K Flip Flop 

A J-K flip flop can also be defined as a modification 
of the S-R flip flop. The only difference is that the 
intermediate state is more refined and precise than 
that of  a S-R flip flop. 

The behavior of inputs J and K is same as the S and R 
inputs of the S-R flip flop. The letter J stands for SET 
and the letter K stands for CLEAR. 

When both the inputs J and K have a HIGH state, the 
flip-flop switches to the complement state. So, for a 
value of Q = 1, it switches to Q=0 and for a value of 
Q = 0, it switches to Q=1. 

The circuit includes two 3-input AND gates. The 
output Q of the flip flop is returned back as a 
feedback to the input of the AND along with other 
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inputs like K and clock pulse [CP]. So,  if the value of 
CP is ‘1’, the flip flop gets a CLEAR signal and with 
the condition that the value of Q was earlier 1. 
Similarly output Q’ of the flip flop is given as a 
feedback to the input of the AND along with other 
inputs like J and clock pulse [CP]. So the output 
becomes SET when the value of CP is 1 only if the 
value of Q’ was earlier 1. 

The output may be repeated in transitions once they 
have been complimented for J=K=1 because of the 
feedback connection in the JK flip-flop. This can be 
avoided by setting a time duration lesser than the 
propagation delay through the flip-flop. The 
restriction on the pulse width can be eliminated with 
a master-slave or edge-triggered construction. 

Previous Work  

A.  Double Edge Triggered Flip-Flops 

We survey the previous art of DEFF and categorize 
them into three groups: conventional DEFF, explicit 
pulsed DEFF, and implicit pulsed DEFF. For these 
three categories, we analyze the\ clock pulse 
generating scheme as well as the data latch scheme. 
The DEFF design will use more clocked transistors 
than SEFF design generally. However, the DEFF 
design should not increase the clock load too much. 
The DEFF Design should aim at saving energy both 
on the distribution network (by halving the 
frequency) and flip-flops. It is preferable to reduce 
circuits’ clock loads by minimizing the number of 
clocked transistors [1]. Furthermore, circuits with 
reduced switching activity would be preferable. Low 
swing capability is very helpful to further reduce the 
voltage on the clock distribution network for power 
saving, if applicable. Due to the fact that voltage 
scaling can reduce power efficiently, the cluster 
voltage scaling (CVS) systems are widely used. This 
indicates that flip-flops with level converting ability 
could be used in such situations. So, integrating the 
level shifter with the flip-flop is helpful. 

B. Conventional Master–Slave Double-Edge Triggered 
Flip-Flop 

The conventional way of designing DEFFs is to 
duplicate the latch part of the single edge flip-flop to 
achieve sampling input data at both clock edges. 
This approximately duplicates the area, and also 
increases the load on the data and the clock inputs, 
which affects performance [14]. This also negatively 

affects (reduces) the savings gained from halving the 
clock frequency on the distribution network. 
Conventional DEFFs include [18]–[20]. One example 
of the conventional DE flip-flop [18]is shown in Fig. 2. 
The left branch samples data when clk = 1 , the right 
branch samples date when clk = 1  . The data path is 
duplicated. 

Figure 4:- Master–Slave Double-Edge Triggered Flip-
Flop 

C. Flip-Flops with Explicit Pulse Generator Schemes 

The master–slave FF has the hard edge property. 
Pulsed flip-flops allow cycle stealing and are skew 
tolerant. Explicit DEFFs [14], [21]–[23] use a pulse 
generator outside the latching part the data latch 
part does not need duplication. A general scheme is 
shown in Fig. 3. The double-edge pulse generator 
could be classified as an XOR using a floating 
inverter (PMOS, NMOS pair that does not have a 
direct connection with Vdd or ground), an XOR using 
pass transistors, or an XOR using transmission gate 
schemes. The latching part could be transmission 
gate (TG), PASS, TSPC-SPLIT, etc. This design 
achieves a transparency window through an explicitly 
generated pulse. The pulse generator is elegantly 
designed based on TG–based XOR logic. The design 
has a simple structure on the critical path, so it may 
have less capacitive load on the critical path. 

However, it has an exposed diffusion input which is 
subject to noise and ep-DSFF has a ratio issue [1]. An 
inverter may be added to the input of the TG3 to 
improve the driving ability and robustness. 

D. Double-Edge Conditional Precharge Flip-Flop 

The DECPFF [25], includes an implementation of the 
conditional precharge technique. Signal Q is used as 
a feedback signal to control precharging to reduce 
redundant switching activity. When D remains at 1, Q 
also remains at 1, thus disconnecting the precharge 
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path by turning off P1. It uses the clocked branch 
separating/duplicating scheme. 

The NMOS clocked transistors of the 1st branch are 
the same structure as the NMOS clocked transistors 
of the second branch .Both branches of the NMOS 
clocked transistors receive exactly the same clocks 
(CLK, CK, and CKD). However, the two clock branches 
work separately. Since it has a complex clocking 
structure and a large number of transistors that 
switch with the clock, the benefit of reducing 
redundant switching activity is somewhat offset by 
the large clocking power. 

While SPGFF has a total of 16 clocked transistors 
(including those in the pulse generator and those 
embedded in the logic), 

 

Figure 5:- Symmetric pulse generator flip-flop 
(SPGFF), total of 32 transistors including 16 clocked 
transistors. 

 

Figure 6:- Symmetric pulse generator flip-flop 
(SPGFF) CMOS design 

DECPFF has 21 clocked transistors; its total number 
of transistors is 33, one more than SPGFF. The 
complex structure as well as the large number of 
clocking transistors increase the clock load and 
power consumption. In view of how to implement 
double-edge clocking, SPGFF uses five (21-16) 
clocked transistors less than DECPFF, thus, it is more 
efficient than DECPFF. 

Problem Statement 

A low power dual edge triggered flip flop based on a 
signal feed through scheme is presented. The power 
consumption is the major problem in circuit design. 
In the existing circuit Dual-edge static hybrid flip-flop 
(DEFF) and Symmetric pulse generator flip-flop 
(SPGFF) are consuming more transistor. So that's why 
power is increasing. As we can see from the design 
circuit images that in both circuit number of 
transistors are greater than 10. So it is consuming 
more power consumption as compare to proposed 
circuit. As circuit area will increase the delay will also 
increase. it is also a major issue which find in VLSI 
design circuits and in our design also .  

Proposed Methodology  

For reduce the power and delay of the existing 
circuits, reduce the number of transistor. As we can 
see according to figure 5.1 the number of transistor 
too low from the existing circuit.  Conventional DEFFs 
duplicate the area and the load on the inputs. Explicit 
pulsed DEFFs use external clock pulse generators, 
which increase the power. In addition, explicit pulsed 
DEFFs cannot work with dynamic logic. SPGFF uses 
implicit pulsing; however, it has four internal 
redundant switching nodes. Unlike SPGFF, DECPFF 
eliminates the redundant switching activity, however, 
the number of clocked transistors reaches 21, and 
the clock branch duplicating structure is complex. To 
ensure efficient implementation of double-edge 
clock triggering in an implicit pulsed environment 
and to overcome the problem with previous implicit 
pulsed flip-flops which is the large clock load, a novel 
clock branch sharing topology is proposed. 

The sharing concept is similar to the single transistor 
clocked FF [26]and another clock branch sharing flip-
flop [27]. In this new clock branch sharing scheme, 
Fig. 5.1 , the two groups of clocked branches in the 
previous clock branch separating scheme (DECPFF, 
Fig. 5.1) are merged; (N1, N3), (N2, N4) are shared by 
the first stage and second stage (in the doted circle). 
Note that a split path (node X does not drive NMOS 
N6 of the second stage, which is in the output 
discharging path) is used to ensure correct 
functioning after merging. The advantage of this 
sharing concept is reflected in reducing the number 
of transistors required to implement the clocking 
branch of the double-edge triggered implicit-pulsed 
flip-flops. Without this sharing, the number of 
clocked transistors would be much larger than the 
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number of transistors used with the sharing concept. 
Recall that clocked transistors have a 100% activity 
factor and consume a large amount of power. 
Reducing the number of clocked transistors is an 
efficient way to decrease the power [1]. Using 
Pseudo NMOS (always on PMOS P1) in CBS_ip takes 
advantage of the fact that D and Qb have inversed 
polarity resulting from the conditional discharge 
technique. The discharging path only stays ON for a 
short while, yielding only a little short circuit current. 
An inverter is placed after Q, providing protection 
from direct noise coupling [14]. 

 

Figure 7:- Proposed CBS_ip flip-flop. 

 

Figure 8:- Proposed CBS_ip flip-flop CMOS design 

Results 

A. Conventional Dual-Edge Flip-Flop 

 

Figure 9 :- CMOS design for Conventional dual-edge 
flip-flop 

 

Figure 10 :- Waveform for Conventional dual-edge 
flip-flop 

Conventional dual-edge flip-flop is design by tanner 
45 nm file . The channel length for the design circuit 
is 45 nm . The  output power consumption for the 
Conventional dual-edge flip-flop is 3.308431e-004 
watts. 

B. Dual-Edge Static Hybrid Flip-Flop 

 

Figure 11 :- CMOS design for dual-edge flip-flop 
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Figure 12:- Output waveform 

The power consumption for the Dual edge flip flop is 
1.693103e-004 watts. 

C. Symmetric Pulse Generator Flip-Flop (Spgff) 

 

Figure 13:- CMOS design for Symmetric pulse 
generator flip-flop 

 

Figure 14:- Output waveform for symmetric pulse 
generator flip flop 

The power consumption for the symmetric pulse 
generator flip flop is 2.365008e-005 watts. 

 

Figure 15 :- Proposed CBS Circuit 

 

Figure 16:- Output waveform for Proposed CBS 

D. Comparison Table  

Table 1:- Comparison table of the power results 

Circuit Power Consumption 
Results 

Conventional dual-
edge flip-flop 

3.308431e-004 watts 

Dual-edge static 
hybrid flip-flop 

1.693103e-004 watts . 

Symmetric pulse 
generator flip-flop 

2.365008e-005 watts 

Proposed CBS 4.655472e-006 watts 

Base paper 21 e -006 watts 

Reference paper [1] 21   e -006   watts 

Reference paper [4] 160.56   e-006 watts 

 
Conclusion 
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In this Paper, we surveyed the double-edge clocking 
flip-flops and classified them into three groups. 
Conventional DEFF duplicate the latching 
component, hence duplicating the area and 
increasing the input loads. The explicit DE pulsed 
flip-flops have an external pulse generator, so they 
have higher power consumption. The newly 
proposed CBS_ip uses a clock branch sharing scheme 
to sample the clock transitions, which efficiently 
reduces the number of clocked transistors and 
results in lower power while maintaining a 
competitive speed. It employs the conditional 
discharge technique and the split path technique to 
reduce the redundant switching activity and short 
circuit current, respectively. The CBS_ip flip flop has 
the least number of clocked transistors and lowest 
power; hence, it is suitable for use in high-
performance and low-power environments. 
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