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Abstract— The prascaler is a significant unit in phase locked 

loop (PLL) which is extensively used in RF frequency 

synthesizer. The implementation technology is 45 nm bulk 

CMOS technology. This paper presents divide-by-4/5 dual 

modulus prescalers based on True Single Phase Clocked 

(TSPC) logic which can be used to design multi-modulus or 

programmable prescaler. This design consumes the 0.93mW 

and 1.11mW power for divide-by-4 and divide-by-5 

operation respectively. The simulation was performed at 4 

GHz frequency with supply voltage 1V. The summary of 

performance parameters of the proposed prescaler with 

previously reported work is given in terms of operating 

frequency, supply voltage, power dissipation and propagation 

delay.  
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I. INTRODUCTION 

The PLL based frequency synthesizer is one of the key 

building blocks for RF transceiver for wireless 

communication. Frequency synthesizers are broadly used in 

modern devices such as mobile phones, radio receivers, 

satellite receivers, citizens band radios (CBR), walkie-talkies, 

and multi standard wireless communication etc. As these 

current systems are operated from batteries at the high 

frequency so it is essential to design low power prescalers. 

The dual modulus frequency prescaler is an essential 

part in phase-locked frequency synthesizers to obtain 

programmable frequency division ratio. The block diagram 

of PLL based frequency synthesizer is as shown in Fig. 1. The 

PLL is the only electronic system which can be used for 

generation of stable high frequency. As it is operated at very 

high frequency the power consumption, the operation speed, 

and the division ratio are the crucial parameters of a prescaler 

design. 

A Dual Modulus Prescaler (DMP) commonly gives 

divide-by-M and divide-by-M+1 division depending upon the 

modulus control signal. The high-speed prescaler usually 

consumes the largest portion of power in the PLL based 

frequency synthesizer because the prescaler is usually 

performed with digital circuits with large power consumption 

at very high frequency range [1,2]. 

Some topologies have been proposed for prescalers 

operated in several GHz ranges. The MOS Current Mode 

Logic (CML) circuit, which is of high power consumption, is 

normally used to reach the high operating frequency in the 

modern wireless communication system. It has high 

operation frequency and high-power consumption. They are 

used to achieve the highest speed compare to other topologies 

and it uses higher power [3]. The true single-phase clock 

(TSPC) which uses only single phase of the clock is originally 

proposed as a high-speed topology. The TSPC logic also 

consumes less power and occupies less area compared to 

other approaches [4]. 

 
Fig. 1: Block diagram of PLL frequency synthesizer 

There are two approaches to design the prescaler. 1) 

Synchronous approach: In this approach, one can get any 

division ratio according to the combinational circuit used to 

select the proper division ratio. The major advantage of the 

synchronous approach is that it provides low jitter. In this 

approach, all flip-flops are operating at the high frequency so 

gives high loading on the clock and high-power consumption. 

2) Asynchronous approach: In this approach, one can get 

division ration which is the power of 2. But the advantage of 

this approach is loading on the clock is reduced because clock 

signal only drives the first stage and power consumption is 

also reduced because each flip-flop run at a lower frequency. 

The problem with this approach is that jitter is large because 

jitter is accumulating at each stage. 

This paper is organized as follows. Sections II 

introduces the architecture of TSPC logic based D flip flop. 

The proposed TSPC based divide-by-4/5 dual-modulus 

prescaler is described in Section III. Simulation results and 

performance comparison are presented in Section IV. Section 

V gives the conclusion. 

II. ARCHITECTURE OF TSPC D-FLIP FLOP 

The architecture of D flip-flop proposed by Yuan/Svensson 

is shown in Fig. 2. This circuit is a true single- phase clock 

based D flip-flop, which uses only one phase of the clock 

signal which is never inverted. The TSPC based D flip-flop 

contains only 11 transistors with three transistors arranged in 

each stage. Because of the single-phase clock, the clock skew 

problem can be solved using this method. In this TSPC DFF, 

when the clock is high (Clk = 1) the flip flop will be in 

evaluation mode, the two inverters are enabled and propagate 

the input to output. When the clock is low (Clk = 0), both 

inverters are disabled, and the flip flop is in hold mode which 

holds the previous values. Therefore, in hold mode, the input 

signal cannot propagate from input to the output. 
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Fig. 2: TSPC based D flip flop 

The working of TSPC DFF is as follows. When the 

clock is low, the first inverter gives the inverted D input on 

node s1. The second dynamic inverter will be in the pre-

charge mode, and the third inverter is in hold mode. 

Therefore, when the clock is low, the input to the final 

inverter is holding its previous value. 

 

 

 
Fig. 3: Simulation waveform of a TSPC D-FF 

The simulation waveform of TSPC D FF 

implemented in 45nm CMOS technology using ng-spice is 

shown in Fig. 3. The supply voltage used is 1V, and the 

simulation was performed at 27 oC temperature. The 

operating frequency is 4GHz with power consumption of 

365.71uW and corresponding delay is 133.43ps (Nominal 

process corner). In the Fig. 3, the v(1) shows the data input, 

v(2) shows the clock input and v(10) shows the output of the 

TSPC based D flip flop. 

 
Fig. 4: Propagation delay and power dissipation of TSPC D 

FF Vs. frequency 

The variation of propagation delay and power 

dissipation w.r.t. frequency is shown in Fig. 4 which are as 

estimated. The process Corner analysis of our FF design was 

performed across all five corners at the 4GHz frequency with 

VDD 1V. These process corners are FF, FS, NN, SF, and SS 

in which the first and second letter is for NMOS and PMOS 

respectively, and F stands for Fast, S stands for Slow and NN 

for nominal. 

 
Fig. 5 The Propagation delay of TSPC D FF across all 

corners 

The propagation delay of our TSPC D FF at nominal 

process corner is 133.43ps. The variation in propagation 

delay at different corners is shown in Fig. 5. The power 

dissipation of our design at nominal process corner is 

365.71uW. Similarly, the variation in power dissipation is 

also plotted in Fig. 6. 

 
Fig. 6: Power dissipation of TSPC D FF across all corners 

III. DUAL MODULUS DIVIDE-BY-4/5 PRESCALER 

The dual modulus prescaler is used in PLL based frequency 

synthesizer. The depending upon the requirement of different 

frequency we can use dual modulus prescaler in the feedback 

loop of PLL frequency synthesizer to get the frequency which 

is multiple of the given reference frequency. The main 

drawback of fixed frequency divider circuit is that it gives 

large frequency spacing in the frequency synthesizer. So, to 

reduce the frequency spacing in the generating frequencies of 

PLL frequency synthesizer, the dual modulus prescaler is 

used. It can also use to design the multi-modulus or 

programmable prescaler. 

The conventional design of divide-by-4/5 dual 

modulus prescaler reported in [5] has two inverters, one AND 

gate and one NOR gate with three DFFs. The proposed 

divide-by-4/5 dual modulus prescaler is illustrated in Fig. 7. 
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This design of dual modulus prescaler contains three TSPC 

based DFFs and two NAND gates as in Fig. 7. 

In this design, the MC input indicates the modulus 

control signal which can be used to control the division ratio 

between divide-by-4 and divide-by-5 operation. When the 

modulus control input is low the NAND2 gate allows the 

DFF3 for every clock pulse and circuit acts as mod 4 counter. 

When the modulus control input is high the NAND2 gate 

works as inverter and circuit act as mod 5 counter. 

The In the Fig. 8, the v(17) shows the modulus 

control input, v(11) shows the clock input and v(13) shows 

the output of the TSPC based divide-by-4/5 dual modulus 

prescaler. The simulation was performed at 27 oC 

temperature. 

 
Fig. 7: A TSPC Divide-by-4/5 dual modulus prescaler 

The simulation result of a divide-by-4/5 dual 

modulus prescaler is shown in Fig. 8. The circuit is 

implemented in LTspice software and the simulation is done 

in ng-spice software. The implementation technology is bulk 

45nm CMOS process. The simulation is done at 4GHz with 

supply voltage 1V. The propagation delay of this design is 

395.83ps. The power dissipation of this dual modulus 

prescaler is 0.93mW and 1.11mW for divide-by-4 and divide-

by-5 respectively. As TSPC logic proposed as high-speed 

logic and the TSPC logic consumes low power and occupies 

less area compared to other methods. So, our power 

consumption is less using this logic. 

Since we checked the functionality of TSPC D FF 

for process variation (at all 5 corners), use this design of FF 

in the proposed DMP that will be free from process 

variations. To complete PVT variation, we analyzed the 

design across the other 2 parameters viz., the supply voltage 

VDD and temperature. The process variation analysis of 

Extended-TSPC D FF reported in [7]. The PVT analysis of 

divide-by-4/5 dual modulus prescaler described in the 

following section. 

 
Fig. 8: Simulated waveforms of a TSPC divide-by-4/5 dual 

modulus prescaler using 45nm CMOS technology 

IV. SIMULATION RESULTS AND PERFORMANCE COMPARISON 

The simulation results of proposed divide-by-4/5 Dual 

Modulus Prescaler (DMP) are shown in Fig. 8 using 45 nm 

bulk CMOS technology in ng-spice software at the 4GHz 

frequency and with the supply voltage 1V. As shown in Fig.8, 

when the MC (modulus control) input v(17) is high we get 

the divide-by-5 operation after one clock pulse delay and 

when the MC input signal is low we get the divide-by-4 

operation. 

The nominal supply voltage of this DMP is 1V. To 

check variations in power dissipation and propagation delay, 

we varied a supply voltage VDD from 0.8 to 1.2V. The 

performance parameters like propagation delay and power 

dissipation for VDD variation at 4GHz is plotted in Fig. 9. 

 
Fig. 9: The plot of power dissipation and propagation delay 

over the range of VDD 

The nominal temperature at which we simulated our 

DMP was 27 oC. To make sure that the DMP is insensitive to 

variation in temperature, we varied temperature from -20 to 

120 oC. The behavior of propagation delay and power 

dissipation for variation in temperature at 4GHz is plotted in 

Fig. 10.   

 
Fig. 10: The plot of propagation delay and power dissipation 

over the range of temperature 

The prescaler is most important part of the 

frequency synthesizer for multi-standard operation for 

wireless communication. The transistor level circuit of this 

DMP has 41 transistors. This design can be used for testing 

purpose. In the multi-clock domain, various blocks are 

operating on different frequencies. So, the clock generation 

and clock distribution of stable high frequency have done by 

PLL followed by clock dividers and prescalers. The 

performance comparison of our divide-by-4/5 dual modulus 

prescaler with various previously reported work is shown in 

TABLE I. 
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Table 1: Comparison of Proposed Circuit with Previous 

Work 

V. CONCLUSION 

In this paper, the true single-phase clocked D flip-flop is 

analyzed at the 4GHz frequency with supply voltage 1V using 

45nm CMOS process. The process corners analysis has been 

performed at all five corners. This work also presented a 

novel TSPC based divide-by-4/5 dual modulus prescaler with 

power dissipation 0.93mW and 1.11mW for divide-by-4 and 

divide-by-5 operation respectively. The behavior of the 

power dissipation and propagation delay regarding the supply 

voltage and temperature were checked. This proposed 

prescaler can be used in multi-clock domain system, multi-

standard frequency synthesizer or to design programmable 

prescaler. 
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