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Abstract— In modern digital VLSI circuits, the clock system 

is composed of flip-flops. The Clustered voltage scaling 

(CVS) is an effective way to reduce power dissipation and 

improve the performance in digital integrated circuits. Level 

converting flip-flops (LCFF) are the critical elements in the 

CVS scheme. And then low power level-converting flip-flop 

with a conditional clock technique (CC-LCFF) has been 

designed and the circuit is simulated in 90nm CMOS 

technology on Mentor Graphics tool. Along this one the 

clock signal will be conditionally blocked when the input 

data don’t make any transition, and then the internal node 

redundant transitions are eliminated and the total power 

dissipation is decreased. But the CC-LCFF design suffers 

from issues like long discharge path and some extra internal 

node switching activity. Due to this, less quantity of power 

is dissipated in level converting flip-flop with a conditional 

clock technique. To further shorten the power dissipation, a 

Conditional Pulse-Enhancement technique and conditional 

discharge technique is proposed in CCER-LCFF. The 

proposed techniques also reduce the length of the discharge 

path and internal nodes switching activity in LCFF. It will 

be designed in 90nm CMOS technology on Mentor 

Graphics tool for evaluating the power dissipated and the 

outcomes are compared with an existing blueprint. 
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I. INTRODUCTION 

The system-on-chip (SoC) design will integrate hundreds of 

millions of transistors on one chip, whereas proper cooling 

process is needed to remove the excess heat. All of these 

result in power dissipation being one of the main problems 

in achieving high-performance design. Due to quadratic 

relations between voltage and power dissipation, reducing 

the supply voltage is very efficient in decreasing power 

dissipation. A clustered voltage scaling (CVS) scheme has 

been developed in IC for reducing the power dissipation. In 

the CVS scheme, by using low supply voltage (VDDL) in 

noncritical paths, i.e., placing speed insensitive gates with 

supply voltage VDDL, and using high supply voltage 

(VDDH) in speed sensitive paths, the whole system power 

consumption could be reduced without degrading the 

performance. In a multiple supply system, noncritical paths 

are assigned to low supply voltage, and level converters 

(LCs) are needed at the interface between the low-supply 

circuits and the high-supply circuits to prevent leakage 

current produced by weakly conducting p-type MOS 

(PMOS) transistors. And this section shows the concept of 

level converter and CVS scheme for reducing the power 

dissipation in Level Converting FLIP-Flop. 

A.  Level Converter 

In VLSI logic circuits, low Vdd gates cannot drive high Vdd 

gates directly. So level converting circuit is needed between 

these two blocks for converting VDDL-swing input to 

VDDH-swing output. Fig.1. shows the circuit diagram of 

level converter. The level conversion is usually integrated in 

the flip-flop for forming a level-converting flip-flop (LCFF). 

Level converters introduce a new source of power 

dissipation, it takes more silicon area and also it adds delay 

to the circuit. The Clustered Voltage Scaling Structure is 

used to limit the number of Level converters in VLSI circuit 

design for reducing the area and power of the circuits. 

 

Fig. 1: Level Converter 

B. Clustered Voltage Scaling 

In order properly to assign VDD to the gates in a Dual-VDD 

system, the Cluster Voltage Scaling (CVS) scheme is 

usually adopted. CVS results in the clustering of gates in 

two sets, namely a set of gates at high Vdd and a set of gates 

at low Vdd. It applies a high supply voltage (VDDH) in 

critical paths to ensure high performance and low supply 

voltage (VDDL) in non-critical paths to reduce power 

consumption. Since the critical path of the circuit is 

unchanged, this transformation improves the circuit 

performance. Thus, the circuit has reduced power 

dissipation without degrading performance. However, the 

VDDH block of PMOS transistor cannot be shut off 

completely if it is directly driven by the VDDL output 

block. Therefore, a level-converting circuit is needed in 

logic circuits. 

The use of level converters in VLSI circuits is 

largely determined by the two algorithms for assigning 

VDD to the gates. Those are Clustered Voltage Scaling 

(CVS) and Extended Clustered Voltage Scaling (ECVS). 

The multiple supply system provides a high-voltage supply 

for high-performance circuits and a low-voltage supply for 

low-performance circuits. 
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II. EXISTING CC-LCFF 

A. LCFF With A Conditional Clock Technique 

 With the increase in the integration level of integrated 

circuits, power dissipation becomes increasingly prominent 

in high performance microprocessors. Since the switching 

power is proportional to the square of the supply voltage and 

the static power is proportional to the supply voltage, 

reducing the supply voltage is an efficient way to reduce 

power dissipation. A dual-VDD technique has been 

developed based on the Cluster Voltage Scaling (CVS) 

scheme. It applies a high supply voltage (VDDH) in critical 

paths to ensure high performance and low supply voltage 

(VDDL) in non-critical paths to reduce power dissipation.  

The pulse-triggered level-converting flip-flop with 

conditional clock technique is shown in Fig. 2. In this flip-

flop many internal nodes are still charging and discharged 

when the input remains unchanged in successive clock 

cycles. Then LCFF with conditional clock technique will be 

designed and the circuit is simulated in 90nm CMOS 

technology on Mentor Graphics tool. 

B. Operation of CC-LCFF 

 

Fig. 2: Conditional Clock –LCFF 

The clock-gating technique can be used to block the clock 

when the input and output of the flip-flop remain the same, 

so the internal nodes will no longer make unnecessary 

transitions. In CC-LCFF use the conditional clock technique 

which is similar to clock-gating. It uses the output signal S 

of XNOR operation between D and Q to control the NOR 

gate I1. When D is not equal to Q, S is ―0‖, I1 performs as 

an inverter, the CLK is not blocked and the low-swing 

delayed clock signal CLKB is formed at the output of I3, 

and the discharging paths (N1, N3, N4 and N1, N2, N5) 

perform properly. When D is equal to Q, S is ―1‖, the CLK 

is blocked by I1 and the output of I3 is ―0‖, the delayed 

clock signal CLKB is ―0‖, so the discharging paths (N1, N3, 

N4 and N1, N2, N5) do not perform and the inverters I2 and 

I3 will not switch with the clock. If output Q initially is ―0‖ 

and input D makes a ―0‖ to ―1‖ transition, the inverter chain 

will perform properly. 

  At the rising edge of clock when both CLK and 

CLKB are VDDL, and the discharging path (N1, N3, and 

N4) of node X is on, then Q will be pulled up to VDDH by 

PMOS transistor P2. Note that the PMOS transistor P1 

cannot be too strong; otherwise the NMOS stack cannot pull 

down X and the short circuit current will be too large in 

relationtoP1. Similarly, if output Q initially is ―1‖ and input 

D makes a ―1‖ to ―0‖ transition, at the rising edge of clock 

when the discharging path (N1, N2, and N5) of node Q is 

on, then Q will be pulled down to s ground.  

  It has the drawback of long discharge path and also 

some internal nodes are still active due to that power is 

wasted. 

III. PROPOSED CCER-LCFF 

A. LCFF With A Conditional Capture Energy Recovery 

Technique 

The proposed CCER-LCFF combines the conditional pulse 

enhancement technique and conditional discharge technique 

for achieving better performance when compared with the 

existing design. The Conditional Pulse Enhancement 

Technique in LCFF is used to shorten the discharge route 

and reduce circuit power dissipation. The Delay Inverter 

transistor dimension and pulse generation circuit on the 

clock system can be shrunk. Compared with the 

conventional design improving processing speed constant, 

the pulse triggered flip flop with a control scheme provides 

a circuit of low power dissipation to extend product working 

time and prevent elements from heat loss. The low power 

circuit design can meet specification requirements and 

reduce power waste, and further lower power dissipation 

when in use. By using the conditional discharge technique, 

the extra switching activity is eliminated by controlling the 

discharge path when the input is stable HIGH due to that it's 

called as conditional discharge technique and NMOS 

transistor controlled by QF and it’s inserted in the discharge 

path of the stage with the high-switching activity. When the 

input moves from a LOW-to-HIGH transition means the 

output changes to HIGH and to LOW. This transition at the 

output switches off the discharge path of the first stage to 

prevent it from discharging or doing evaluation in 

succeeding cycles as long as the input is stable HIGH. 

Then LCFF with Conditional capture energy 

recovery technique will be designed and the circuit is 

simulated in 90nm CMOS technology on Mentor Graphics 

tool that is shown in Fig. 3. And the results will be 

compared with the existing conditional clock level 

converting flip-flop. 

B. Operation Of CCER-LCFF 

An NMOS transistor controlled by QB is inserted in the 

discharge path of the stage with high switching activity. 

When the input moves from a low to high transition, the 

output Q moves to high and QB to low. This transition at the 

output side switches off the discharge path of the first stage 

to prevent it from discharging. 

The transistor N3, controlled by the output QF 

provides conditional capturing. The right hand side 

discharge path is static and does not require conditional 
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capturing method. Placing N3 above N4 in the stack reduces 

the charge sharing. That is because when the charge sharing 

occurs, the capacitance associated with N3 is already 

charged and therefore does not contribute to the charge 

sharing. The flip flop dissipates the same amount of power 

during sleep mode and the active mode. A major portion of 

the power is dissipated by the clock network. We separated 

the clock network from the rest of the circuit and used a 

separate supply V (clk) for the clock network and measured 

the power dissipated by the clock network. We can save 

power by disabling the clock network during the sleep mode 

as a significant amount of power is consumed by the clock 

network. 

The worst case timing of this design occurs when 

input data are ―1‖ and node x is discharged through four 

transistors in series, i.e., N1 through N4, while competing 

with the pull up transistor P1. A powerful pull-down 

circuitry is thus needed to ensure node x can be properly 

discharged in the circuit. This implies wider N1 and N2 

transistors and a long delay from the delay inverter I1 to 

widen the discharge pulse width. 

 

Fig. 3:  Proposed CCER-LCFF 

The transistor N3, controlled by the output QF 

provides conditional capturing. The right hand side 

discharge path is static and does not require conditional 

capturing method. Placing N3 above N4 in the stack reduces 

the charge sharing. That is because when the charge sharing 

occurs, the capacitance associated with N3 is already 

charged and therefore does not contribute to the charge 

sharing. The flip flop dissipates the same amount of power 

during sleep mode and the active mode. A major portion of 

the power is dissipated by the clock network. We separated 

the clock network from the rest of the circuit and used a 

separate supply V (clk) for the clock network and measured 

the power dissipated by the clock network. We can save 

power by disabling the clock network during the sleep mode 

as a significant amount of power is consumed by the clock 

network. 

The worst case timing of this design occurs when 

input data are ―1‖ and node x is discharged through four 

transistors in series, i.e., N1 through N4, while competing 

with the pull up transistor P1. A powerful pull-down 

circuitry is thus needed to ensure node x can be properly 

discharged in the circuit. This implies wider N1 and N2 

transistors and a long delay from the delay inverter I1 to 

widen the discharge pulse width. 

IV. RESULTS AND DISCUSSION 

The Fig. 4.shows the transient waveform of existing CC-

LCFF and Fig. 5. Shows the transient waveform of proposed 

CCER-LCFF in 90nm CMOS technology. It shows the input 

of DATA and CLK signal and output of Q, QB and CLKB. 

 

Fig. 4:  Transient waveform of CC-LCFF 

 

Fig. 5:  Transient waveform of CCER-LCFF 
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The layout of CC-LCFF is shown in Fig. 6. And the layout 

of CCER-LCFF is shown in Fig. 7. This layout diagram will 

be designed by using Microwind 3.1 software. 

 

Fig. 6:  Layout of CC-LCFF 

 
Fig. 7:  Layout of CCER-LCFF 

The Table I shows the comparison of the Level Converting 

Flip-Flop characteristics. It shows the details of power 

dissipation, delay, rise time, fall time, memory space, 

number of components, number of nodes and CPU time. 

The first column shows the details about LCFF 

characteristics, the second column gives the information 

about existing CC-LCFF characteristic value and the third 

column show the details of proposed CCER-LCFF 

characteristic value. This Table I shows the low power 

dissipation for CCER-LCFF but a delay of CCER-LCFF 

will be increased. This gives the concept of power-delay 

product. 

 

LCFF 

CHARACERISTICS 

 

 

CC-LCFF 

 

CCER-

LCFF 

 

Power dissipation 39.0718 

uW 

11.9116 nW 

Delay 179.89 ps 381.81 ps 

Rise time 325.73 ps 308.27 ps 

Fall time 351.44 ps 337.57 ps 

Memory space 93 MB 94.25 MB 

Number of components 32 20 

Number of nodes 249 148 

CPU time 240 ms 120ms 

Table.1: Comparison of the LCFF characteristics 

V. CONCLUSION 

In this paper, the proposed LCFF with Conditional Capture 

Energy Recovery Technique was designed and analyzed. By 

using the conditional pulse enhancement technique and 

conditional discharge technique in CCER-LCFF, for further 

reducing the power dissipation, internal switching activity 

and length of the discharge path, it’s designed by using 

90nm CMOS technologies on Mentor Graphics Tool. 

Simulation results indicate that the proposed CCER-LCFF 

design is better than existing CC-LCFF designs in terms of 

power dissipation and CPU time.  
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