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Abstract 

 

Frequency synthesizer is one of the important elements for wireless communication application. The speed of VCO and prescaler 

determines how fast the frequency synthesizer is. A dual modulus prescaler contains logic gates and flip-flops. To fulfill the need of 

high frequency and low voltage circuit suitable flip-flops must be selected. The prescaler is a circuit employed in high frequency 

synthesizer designs. In the proposed circuit the technique called the True Single Phase Clock (TSPC) technique, was applied.Divide-

by-2/3 prescaler is implemented by TSPC flip-flops. Divide by 32/33 prescaler is implemented by choosing various combinations of 

2/3 prescaler and flip-flops. The DMP circuit implemented in 45nm CMOS process and simulation was carried out in Tanner EDA 

tool. The simulation results are provided.  It consumes 86.42µWwith 1V power supply voltage at 2.4GHz. 

Keywords: Frequency synthesizer, True Single Phase Clocked (TSPC), Voltage control oscillator (VCO),Tanner Tool. 
_________________________________________________________________________________________________________ 

I. INTRODUCTION 

The CMOS Technology has been the main integrated circuit technology for at least 15 years due to its advantages in terms of 

integration level, power consumption, easiness of design, and low costs. With the continuous reduction of the transistor dimensions, 

some of these advantages, such as integration level, have increased and new ones have been added, such as the technology speed, 

extending the technology uses to areas where only faster and more expensive technologies (Bipolar and GaAs) were applicable. 

One of these new application areas is RF circuits: circuits for transmission and reception of information through radio frequency 

waves. This area presents wide spectrum of applications varying from command devices for automatic gates to sophisticate cellular 

phones. 

In the more complex RF systems, an important block is the frequency synthesizer. This block is responsible for the 

generation of signals in specific frequencies that are used for channel modulation and demodulation inside the transmission band [7]. 

A synthesizer is composed of a voltage controlled oscillator (VCO), counters, phase comparators, and filters. Some architectures of 

synthesizer use, with the counters, a dual-modulus prescaler N/N+1: a frequency divider that can divide an input clock by N or N+1. 

In general the prescaler is a block with critical operation in terms of speed and power consumption since it receives the clock directly 

from the VCO output, the fastest signal in the synthesizer. 

In this work, we will present the design and simulation results of a dual-modulus prescaler 32/33. In the prescaler was used 

the TSPC technique [8].  Additionally, we applied some new structures that are conceived to duplicate the circuit speed. The design 

was developed using the Tanner Tool using 45nm CMOS technology. The paper is organized in five sections: in section two the E-

TSPC technique and the new structures are presented; in section three the prescaler 32/33 is discussed; in section four the results are 

drawn; in section five the conclusions are summarized. 

II. THE TRUE SINGLE PHASE CLOCKED 

A. Conventional Dynamic D-Flip-Flops 

Dynamic or clocked logic gates are used to decrease circuit complexity, increase operating speed, and lower power dissipation. Of 

various dynamic CMOS circuit techniques, a TSPC dynamic CMOS circuit is operated with one clock skew exists except for the 

clock delay problems, and even higher clock frequency can be achieved. Single-phase- clock strategies like TSPC achieve higher 

clock frequencies because they can simplify the clock distribution and eliminate phase overlapping problems. 

Fig.1 shows a conventional dynamic TSPC D-flip-flop for high-speed operation introduced in [6]. The flip-flop consists of 

nine transistors, where the clocked switching transistors are placed closer to power/ground for higher speed. The state transition of 

the flip-flop occurs at rising edge of the clock signal, clk. 
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Fig. 1: TSPC DFF 

III. CONVENTIONAL TSPC BASED DIVIDE-BY-2/3 PRESCALER 

B. Divide-By-2/3 Prescaler 

The TSPC divide-by-2 unit has the merit of high operating frequency compared with the traditional TSPC divide-by 2 unit. Since the 

divide-by-2/3 unit consists of two toggle DFFs and additional logic gates, one way to effectively reduce the delay and power 

consumption is to integrate the logic gates to the divide-by-2/3 unit 
[3]

.  Divide-by-2/3 counter design is given in Figure 3 consists of 

two TSPC-based FFs and two logic gates, an OR gate and an AND gate. When the divide control signal is low, the OR gate (merged 

into output of FF1 stage) is disabled. This corresponds to a divide-by-3 function. Note that state 10 is a forbidden state. If, somehow, 

the circuit enters this state, the next state will go back to a valid state, 11, automatically. When high is the output of FF1 will be 

disabled and FF2 alone performs divide-by-2 function .The control logic signal MC selects the divide-by-2 or divide-by-3 mode. 

When MC is logically high DFF1 will disconnected from the power supply and DFF2 alone work to form the divide-by-2 operation. 

When the control signal MC goes low than both flip-flops combine give the divide-by-3 operation. Operating frequency is directly 

related to the supply voltage. 

 
Fig. 2: Divide By 2/3 Prescaler 

The Divide by 2/3 prescaler is implemented with True Signal Phase Clock (TSPC)logic. When control logic signal „MC‟ goes 

high, the output of OR gate is always equal to logic „1‟ and the output of AND gate is always equal to the inverted output of DFF2 

(Q2) such that the prescaler operates in the divide-by-2 mode as shown in Fig. 2. When control logic signal „MC‟ goes low, the 

output of OR gate is always equal to „Q1‟, such that prescaler operates in the divide-by-3 mode as shown in Figure 3. The output of 

the synchronous 2/3 prescaler is given by 

fout= MC•( fin /3) + MC•( fin /2)                                                                                                                                  (4) 

C. Simulation Result of 2/3 Prescaler   

The figure 3 and 4 shows the transient analysis of the 2/3 prescaler respectively. The input CLK frequency is 2.4 GHz. 

When MC=1 its output is divided by 2, which is 1.2GHz and power dissipation is 59.15µW during divide by 2 operation. The figure 

3 divide by 2 operation. 



CMOS Low Power, High Speed Dual-Modulus32/33Prescalerin sub-nanometer Technology 
(IJSTE/ Volume 01/ Issue 01 / 002) 

 

 
All rights reserved by www.ijste.org 30 

 
Figure 3. Divided By 2 output of Prescaler 

When MC=0 its output is divided by 3, which is 801.28MHz and power dissipation is 61.47µW during divide by 2 operation. The 

figure 4 divide by 3 operation. 

 
Fig. 4: Divided By 3 output of Prescaler 

IV. DIVIDE BY 32/33 PRESCALER 

D. Divide By 32/33 Prescaler 

Figure 5 shows the topology of a general 32/33 prescaler 
[1]

. When the control signal MC is logically high, the 32/33 prescaler 

function as divide-by-32 unit and the control logic signal MC to the 2/3 prescaler goes logically high allowing it to operate in divide-

by-2 mode for the whole 32 clock cycles. When control logic signal MC is logically low, the 32/33 prescaler unit function as divide-

by- 33 unit during which 2/3 prescaler operates in divide-by-3 mode for 3 input clock cycles and in divide-by-2 mode for 30 input 

clock cycles 
[1]

. 

When the control signal MOD is „1‟, the output of NOR2 always remains at logic „0‟ and forces the output of NAND2 to 

logic „1‟ irrespective of data on Qb1. Since MC is always equal to logic „1‟, the Design of prescaler remains in divide-by-2. Thus the 

32/33 prescaler acts as divide-by-32 circuit. Since control logic signal MC is logically high, DFF1 in the 2/3 prescaler is completely 

turned-off for the entire 32 input clock cycles. The 32/33 prescaler consists of both the synchronous and asynchronous (toggle divide-

by-2) circuits and thus the power and speed is traded-off as discussed in the design of digital counters earlier. If we denote the 

synchronous 2/3 prescaler as M/M+1 and the four asynchronous dividers whose division ratio equal to 16 by ‘AD’, the division ratio 

in this mode (MOD= ‘1’) is given by 

f32  = (AD-MOD) × M + MOD × (M + 1) = 32                                                                                                     (2) 

 
Fig. 5: Divide By 32/33 Prescaler 
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The dual-modulus 32/33 prescaler operates as divide-by-33 when MOD=‟0‟. By using the combination of logic NOR and 

NAND gates, the asynchronous divide-by-16 counter is made to count an extra input clock. The control signal MC is given by 

MC = Qb4  + Qb3  + Qb2 + Qb1 + MOD 

In the initial state, 2/3 prescaler will be in divide-by-2 mode (MC= „1‟) and the asynchronous divide-by16 starts counting 

the output pulses of 2/3 prescaler from “0000” to “1111”. When the asynchronous counter value reaches “1110”, the logic signal MC 

goes low (MC=‟0‟) and the prescaler operates in divide-by-3 mode, where the asynchronous counter counts an extra input clock 

pulse. During this operation, the 2/3 prescaler operates in divide-by-2 mode for 30 input clock cycles and for the remaining 3 input 

clock cycles; it operates in divide-by-3 mode. The division of the 32/33 prescaler in this mode is given by 

f32  = (AD-MOD) × M + MOD × (M + 1) = 33 (3) 

where AD=16, MOD=‟0‟ and M=‟2‟. 

E. Simulation Result of divide by 32/33 Prescaler  

The simulations of the divide by 32/33 is performed using Tanner EDA tool for a 45 nm CMOS process. Fig.7 and 8 shows the 

simulation results of the prescaler. The simulations are performed by giving a 2.4GHz square wave signal with amplitude of 0.5V 

(peak) to the prescaler. Figure 6 shows Schematic view of divide by 32/33 Prescaler. 

 
Fig. 6: Divided By 32 output of Prescaler 

The figure 7 and 8shows the transient analysis of the 32/33 prescaler respectively. The input CLK frequency is 2.4Ghz.When 

MC=1 its output is divided by 32, which is 75.11MHz and power dissipation is 85.62µW during divide by 32 operation. 

 
Fig. 7: Divided By 32 output of Prescaler 

When MC=0 its output is divided by 33, which is 72.72MHz and power dissipation is 86.49µW during divide by 33 operation. 

 
Fig. 8: Divided By 33 output of Prescaler 



CMOS Low Power, High Speed Dual-Modulus32/33Prescalerin sub-nanometer Technology 
(IJSTE/ Volume 01/ Issue 01 / 002) 

 

 
All rights reserved by www.ijste.org 32 

Table. 1: Divide by 32/33 Performance Summary 

Specification Simulation Result 

Technology 45nm 

Supply voltage 1V 

Input Frequency 2.46GHz 

Power Dissipation 

 

2  Prescaler 59.15µW 

3  Prescaler 61.47µW 

32 Prescaler 85.62µW 

33 Prescaler 86.42µW 

Table. 2: Comparison Of Various 32/33 Prescaler. 

Specification Current work Reported in [1] Reported in [2] 

Technology 45nm 180nm 0.35μm 

Supply voltage 1V 1.8V 3V 

Input Frequency 2.46GHz 2.59GHz 3.74GHz 

Power consumption 86.42µW 1.33mW 0.88mW/GHz 

V. CONCLUSION 

This paper presents a divide by 32/33 prescaler is designed in 45-nm CMOS process .The post simulation results show that the 

divider can work properly with the input frequency from 2.44GHz the power consumption is 86.42µW at supply voltage of 1V. The 

DFF in the prescaler is controlled by the mode controlling signal and powered off in the idle state, the DFFs in the program counter 

and swallow counter are shared, and thus power consumption is reduced. The experimental results show large power reduction is 

achieved by the proposed divider. We can conclude that the proposed divider is well suitable for low power design. 
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