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ABSTRACT 
In this paper, a new technique for implementing low-power flip flop (FF) design featuring an explicit type pulse-triggered 

structure and a modified new latch is presented. The proposed design also employs a modified new pulse generator which 

successfully solves the long discharging path problem in better speed and power performance. The newly proposed design 

employs pseudo-nmos logic and split-path techniques to further reduce switching activity and short circuit currents, respectively. 

Based on post layout simulation results using  CMOS 0.12-µm technology, the proposed design of register element achieves area 

saving up to 23.7% to 37.36%, and the power saving up to 50.10% to 95.43% respectively. 
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INTRODUCTION 
 
 In current scenario the requirement of portable equipment is increasing rapidly so that development of 
VLSI design places a major role in the complex systems. Where all   complex system consists of analog, digital 
as well as memory elements and all this can be integrated on a single chip for designing a circuit we come 
across many design metrics like low power, high speed and reduced the area of chip by considering the above 
design metrics a novel explicit pulse triggered flip flop is designed flip flop are extensively used as a basic 
many type of flip flop designed basing of their operation like master and slave based flip flop, conventional 
transmission gate flip flop, and pulse triggered flip flop is preferred compare with other two flip flop because 
pulse triggered flip flop is one which can execute in a single stage instead of two stages and some time the pulse 
triggered flip flop acts like an edge-triggered flip-flop when there is a sufficient narrow latch is present. Pulse 
triggered flip flop is classified in to two types based on their pulse generator used. They are implicit and explicit 
type pulse triggered flip flops. In implicit type of pulse triggered the pulse generator is present inside the flip 
flop where as in the explicit pulse triggered flip flop[12, 5, 1] the pulse generator is present outside the flip flop. 
The general block diagram is shown in fig 1.1 and there respected waveform is shown in fig 1.2.  
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Fig. 1.1: General scheme of explicit pulsed flip-flop. 

 
Fig. 1.2: Pulsed clock waveform. 
 
Conventional Explicit Type Pulse Triggered Flip Flop: 
 Depending on the method of pulse generator P-FF design can be classified as implicit and explicit. In an 
implicit type P-FF, the pulse generator is a built in logic of the latch design and no explicit pulse signals are 
generated. Generally implicit type P-FFs is more economical than the explicit type P-FFs. But it has a 
disadvantage of longer discharging path which leads to inferior time characteristics. In an explicit-type P-FF, 
the designs of pulse generator and the latch are separated. In this type of flip flops, one pulse generator is shared 
by a group of flip flops so that the circuit complexity is reduced and it has unique speed advantage. Some of the 
existing explicit type flip flops are shown below. 
 
a) ep-DCO (Explicit pulsed data close to output): 
 The basic type of explicit pulse triggered flip flop is ep-DCO [3] (Explicit Data Close to Output) shown in 
fig (a). It consists of 28 transistors. It uses 15 clocked transistors and 13 unclocked transistors It has two stages. 
First stage consists of MP1, MN1, MN3 transistors. The input data D is given in first stage. 

 
Fig (a): ep-DCO (Total no. of 28 transistors including 15 clocked transistors). 
 
 The Q and Qb output are obtained in the second stage. It contains a NAND-logic-based pulse generator and 
a semi dynamic true-single-phase-structured latch design. The pulse generator is denoted as PG in the fig (a).  In 
this design the inverters I3 and I4 are used to latch the data, and the internal node X is holded by inverters I1 
and I2. The three inverters present in the second stage will determine the pulse width. This design suffers from a 
serious drawback, the internal node X is discharged on every rising edge of the clock in spite of the presence of 
the static input “1”. This leads to large switching power dissipation. There are many remedial measures to 
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overcome this problem such as conditional capture, conditional precharge, conditional discharge and 
conditional pulse enhancement scheme have been proposed [6]–[4].  
 
b) CDFF (Conditional Discharge flip flop): 

 
   
Fig. (b): CDFF (Total no. of 30 transistors including 15 clocked transistors). 
 
 The CDFF is one among the remedial measure to reduce the redundant switching power [11]. It uses 15 
clocked transistors and 15 unclocked transistors totally 30 transistors shown in fig (b). It has two stages. The 
first stage consists of MP1, MN1, MN2, MN4 transistors. The second stage consists of MP3, MN3, MN5 
transistors. Fig (b) shows a conditional discharged technique [11]. An extra nmos transistor MN4 controlled by 
the output signal Qf is employed so that no discharge occurs if the input data remains “1”. The circuit is further 
simplified by replacing the keeper logic at the internal node ‘X’ with an inverter and a pull-up pmos transistor. 
  
SDFF (Static Conditional discharge flip flop): 
 SDFF is similar P-FF design using a static conditional discharge technique [10]. It consists of 31 
transistors. It uses 15 clocked transistors and 16 unclocked transistors. The first stage consists of MP1, MN1, 
MN2, MN4 transistors and the second stage consists of MP2, MN3, MN5 transistors. In using a static latch 
structure it differs from CDFF design. Here the data and the pulse generator circuit is interchanged their 
position, so node ‘X’ is free from periodical pre-charges. Shown in fig (b) it encounters a large data-to-Q (D-to-
Q) delay than the CDFF design. Both designs face a worst case delay caused by a discharging path consisting of 
three stacked transistors ie., MN1,MN2,MN4. To overcome this delay for better performance a powerful pull-
down circuitry is needed, which causes extra layout area and power consumption.  
 
c) MHLFF (Modified Hybrid Latch Flip flop): 
 The Modified Hybrid Latch Flip-flop (MHLFF) [11] shown in fig (d) also uses a static latch. It consists of 
19 transistors. Among 19 transistors only 8 transistors are clocked transistors and the remaining 11 transistors 
are unclocked transistors. The latch consists of the first pair MP1 and MN1 transistors and the second pair 
consists of MP3 and MN2 transistors.  
 The keeper logic is removed at node ‘X’.  The MP1 is a weak pull-up transistors which is controlled by the 
output signal Q maintains the level of node ‘X’ when Q equals 0.Inspite of the circuit simplicity the MHLFF 
design offers two drawbacks. First, since node ‘X’ is not pre-discharged, a prolonged 0 to 1 delay is expected. 
The delay deteriorates further, because a level degraded clock pulse is applied to the discharging transistor 
MN3. Second, node ‘X’ becomes floating in certain cases and its value may drift causing extra dc power.  
 
d) PFF (Proposed Flip flop): 
 The proposed Flip flop (PFF) design is shown in fig (e). In this proposed design, it has 18 transistors 
including 11 clocked transistors and 7 unclocked transistors. The pulse generation circuitry which is denoted as 
PG in fig (e) is made separately through a 2 input CMOS NAND gate and two inverters. So that it can be used 
as an explicit pulse generator can be shared among multiple flip flops. This sharing can help in distributing the 
power head of the pulse generator across many explicit flip flops. One input to the CMOS NAND gate is 
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normal clock and the other input is the inverted clock which is taken from clock passed through an inverter. So, 
the two inputs to the AND gate are also mostly complementary expect at the rising edge of the clock a clock 
pulse will be generated which the latch will be open. In this short pulse the evaluation phase will be completed. 
The latch consists of 6 transistors each transistor is having its own use. The MP1 is used whose input is 
continuously grounded .The MP1 is always in on condition. So, node ‘x’ will be high most of the time. The 
MP2 is connected to MP1 by split path technique. It is used to reduce the switching activity and short circuit 
currents, respectively. The results of the proposed flip flop is based on 4 operations, operation 1 is fig 3-when 
D=0 and CLK=0 then the respective output also 0. Operation 2 is fig 4-when D=0 and CLK=1 then the 
respective output also 0.  Operation 3 is fig 5-when D=1 and CLK=0 then the respective output is 1. Operation 
4 is, fig 6-when D=1 and CLK=1 then the respective output is 1. 

 
 
Fig. (c): SCDFF (Total no. of 31 transistors including 15 clocked transistors). 
                               

 
Fig. (d): MHLFF (Total no. of 19 transistors including 8 clocked transistors). 
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Fig. (e): P_FF (Total number of 18 transistor including 11 clocked transistor). 

 
Fig. 3: Operation 1: when D=0 CLK=0 OUT=0. 
 
Simulation Results and Discussion: 
 The simulation results were obtained from DSCH & MICROWIND3.1 simulations in 0.12µm CMOS 
technology at room temperature Vdd is 1.8V. A clock frequency of 250 MHZ is used. Each design is simulated 
using the circuit at the layout level. Performance parameters such as area, power and delay are obtained by 
layout simulation. The Table I: shows the comparison of total number of transistors, total number of clocked 
transistors, area, power and delay between ep_DCO, CDFF, SDFF, MHLFF and P_FF between ep_DCO, 
CDFF, SDFF, MHLFF and P_FF.ble II: shows the comparison of power delay product, energy delay product 
and power energy product. Table 1 shows the comparison between ep_DCO, CDFF, SDFF, MHLFF and P_FF. 
In view of transistors the P_FF uses less No. of transistors as compares with ep_DCO, CCDFF, SCDFF and 
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MHLFF. Though the No. of transistor is reduced in comparison with MHLFF but the clocked transistor is 
increased by 1. The area of P_FF is 26% less compared to ep_DCO. The area of P_FF is 25% less compared to 
CDFF. The area of P_FF is 19.23% less compared to SCDFF. The area of P_FF is 3.29% is increased compared 
to MHLFF. As compared with ep_DCO our P_FF reduces 50.10% of total power consumption. As compared 
with CDFF our P_FF reduces 95.43% of total power consumption. As compared with SCDFF our P_FF reduces 
51.98% of total power consumption. As compared with MHLFF our P_FF reduces 94.85% of total power 
consumption. On the other side the delay is increased. The ep_DCO delayed in 8ns, CDFF is delayed in 7ns, 
SCDFF is delayed in 8ns, MHLFF is delayed in 9ns and P_FF is delayed in 10ns. Table II shows the 
comparison of proposed flip flop with ep_DCO, CDFF, SCDFF and MHLFF in view of three matrices such as 
Power Delay Product (PDP), Energy Delay Product (EDP), and Power Energy Product (PEP) [8]. The 
conventional design metrics are to minimize the both power and delay product PDP. If D represents delay and P 
represents power consumption of the circuit then the metric can be expressed as PDP (energy) = Power 
(P)*Delay (D). It gives balanced geometric weights to power and delay. PDP optimizes both power and delay 
equally. EDP is another useful metric for evaluating the quality of the digital CMOS circuits design [3], 
expressed as EDP = Energy*Delay, EDP=P*D*D. But it may not be appropriate when the low power 
dissipation is priority. EDP gives a higher geometric weight to delay than the power. This metric is more 
suitable when the performance is the main concern. If the power is the higher priority than that the new metric 
power energy product PEP is considered both EDP and PDP matrices may not provide better solutions[2]. It 
gives higher geometric weight to power than delay and produces lower power solution than the other two 
matrices. It is expressed as  
PEP = Power*Energy; 
PEP = P*P*D. 

 
    Fig. 4: Operation 2: When D=0 CLK=1 OUT=0. 

 
Fig. 5: Operation 3: when D=1 CLK=0 OUT=1. 
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Fig. 6: Operation 4: when D=1 CLK=1 OUT=1. 
 
 The three matrices are analyzed for proposed design. The register element proposed here is power efficient. 
For that PEP is considered as a circuit optimization parameter. The proposed circuit was optimized for power 
energy product (PEP). The layout diagram of our proposed flip flop is shown in fig(7). The output waveform for 
P_FF is shown in fig(8). The comparison of area for P_FF with the conventional techniques is shown in fig(9). 
The comparison of Power and Delay for P_FF with the conventional techniques is shown in fig(10). 

 
 
 Fig. 7: Layout design of P_FF.  
 
Table I: Comparison of general parameter. 

Register element 
name 

No. of transistors No. of clocked 
transistors 

Area 
(µm²) 

D_Q  Delay 
(ns) 

Total power 
(w) 

ep_DCO 28 15 299 8 12.8 µw 
CDFF 30 15 364 7 0.140 mw 

Static CDFF 31 14 338 8 13.3 µw 
MHLFF 19 8 264 9 0.124 mw 

P_FF 18 11 273 10 6.386 µw 
 
 Table II: Comparison of optimization parameters. 

Register element Power Delay Product 
(PDP) 

Energy Delay Product 
(EDP) 

Power Energy Product 
(PEP) 

ep_DCO 1.024 * 10-13 8.192 * 10-22 1.31072 * 10-18 

CDFF 9.8 * 10-13 7.84 * 10-21 1.372 * 10-16 

Static CDFF 1.064 * 10-13 8.512 * 10-22 1.41512 * 10-18 

MHLFF 1.116 * 10-12 8.928 * 10-22 1.38384 * 10-16 

P_FF 6.386 * 10-14 6.386 * 10-22 4.0780996 * 10-19 
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Fig. 8: Output waveform of P_FF power=6.386µw. 
 

 
Fig. 9: Comparison of area. 

 
Fig. 10: Comparison of Total power consumption and delay. 
 
Conclusion: 
 In this paper, several design techniques for register elements are reviewed. The proposed flip-flop employs 
pseudo NMOS technique, split path technique and signal feed through scheme for reduction of floating node 
problem, short circuit power dissipation and switching activity respectively. In this paper a newly modified 
pulse generator is introduced. The new pulse triggered flip flop with an explicit pulse generator is designed 
using CMOS NAND logic. Finally, when Proposed flip-flop compares to conventional methods (ep-DCO, 
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CDFF, SCDFF and MHLFF) it achieved power saving of 50.10% to 95.43% and area saving of 19.23% to 26%. 
In view of power consumption and area, the flip flop consumes less and outperforms prior arts in the flip flop 
design. 
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