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ABSTRACT: Frequency division is one of the important applications of flip-flops. A wide-band frequency synthesizer 

implemented by phase-locked loop (PLL) uses prescaler (also called N/N+1 counter) as fundamental block. In PLL 

high frequency output of VCO is coupled directly to the prescaler directly. As process technology is reducing, channel 

length and supply voltage is decreasing rapidly. Therefore prescaler has to work at high frequency as well as low 

operating voltage. Using pass transistor or CMOS Technology are the incorporation of additional logic gates between 

the flip-flops to achieve the two different division ratios, the speed of the prescaler is affected by creating another 

propagation delay and the increases the switching power. 

 
KEYWORD: LT-Spice-IV, VCO (voltage controlled oscillator), DMP (Dual Modulus Prescaler) TG (transmission 

gate),PTL(pass transistor logic). 

 

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, High Speed, easiness of Implementation, or Design and low cost& easy 

and easy stimulation using Software. With the continuous reduction (Or change in term of width & length of transistor) 

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, or Wireless Zigbee system 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[1],[2]. A synthesizer is composed of a voltage controlled oscillator (VCO), 

counters, phase comparators, and filters or frequency divider. 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 2/3. In the prescaler was used the TSPC technique or another different 

logic style of D-flip-flop like transmission gate, pass transistor logic or also GDI logic. 

 

Additionally, we applied some new structures that are conceived to duplicate the circuit speed. The design was 

developed using the LT-Spice_IV Software in 45nm CMOS technology. There are Different 2/3 prescaler presented in 

this paper: first is the ETSPC technique and it’s analysis presented; in second   prescaler 2/3 is made by transmission 

gate. And 3
rd

 Prescaler design using pass transistor gate. Include AND &OR gate made by GDI logic. 
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II. PRESCALER ARCHITECURE 

 

The block diagram of the 2/3 Prescaler architecture is shown in Figure.1 [9]; the dual-modulus prescaler is based on 

both synchronous and asynchronous divider which scales the input frequency to a lower frequency to ease the 

complexity of asynchronous resettable modulo-P and modulo-Scounters. 

 

 

 
Fig. 1: Prescaler Architecture 

 

From the circuit topology view point, prescaler and presettable counters are often implemented using different logic 

families or using various type or style of designing or implementation of D-flip flop, owing to their different speed 

specifications and a level shifter is required after the DMP to compensate different voltage rails. The basic 

programmable frequency divider architecture is shown above. 
 

III. IMPLIMENTAION OR DESIGN OF D-FLIP FLOP USING VARIOUS LOGIC 
 

In this chapter we discus about the making or design of D-flip-flop using various logic like TSPC (true single phase 

clock),pass transistor, transmission gate. These all logic style of D-flip-flop affects on circuit output that means change 

(reduce) power dissipation and make circuit fast (reduce delay) and make circuit more reliable. 

 
A.D-flip flop Using TSPC (True Single Phase Clock) 

 

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 removed 

phase overlapping problems or other benefit of TSPC is no need to extra source for give frequency to the circuit, it 

works only on one single clock, that’s why power dissipation is become less[9]. 
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Fig. 2: D-flip-flop using TSPC Logic 

 

Fig.2[9] shows a conventional dynamic TSPC D-flip-flop. 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. 

 

B.D-flip flop using Transmission gate 

Transmission gate and inverters are utilized to implement D flip-flop circuit as illustrated in Figure 3 shows. 

Transmission gate is a most commonly used CMOS structure for implementing integrated circuits that maintains switch 

function, efficient layout and logic reduction  .In figure 2 transmission gates T1 and T4 are turned ON and transmission, 

 

 
Fig. 3: DFF using Transmission gate Logic(TG) 

 

Gates T2 and T3 are turned OFF at the negative clock edge. At this stage the slave sustains a loop from inverters P3, P4 

and T4. The value from Din, triggered previously, is kept within the slave at this time. At this stage master latches next 

state, but as T3 is OFF it does not reaches slave. T2 and T3 are turned ON at the positive edge of clock which latches 

the value to reach to slave through the loop of inverters P1, P2 and T2. 

 



         
     ISSN(Online): 2320-9801 

       ISSN (Print): 2320-9798                                                                                                                                 

                                                                                                               

International Journal of Innovative Research in Computer  

and Communication Engineering 

(An ISO 3297: 2007 Certified Organization) 

Vol. 3, Issue 3, March 2015 

 

Copyright to IJIRCCE                                                                       10.15680/ijircce.2015.0303190                                                2581 

 

 

 

C. D-flip-flop using Pass Transistor Logic (PTL) 

It is confirmed that pass transistor based CMOS logic can be frequently utilized where high speed and high packaging 

density is a major concern.  

 
 

Fig. 3: DFF using Pass Transistor Logic (PTL) 

 

 

The logic results in reduction in the number of transistors of the circuit by introducing differential logic and eliminating 

additional transistors.  

In pass transistor logic style we use either NMOS or PMOS transistor to build a design. Logic levels are passed between 

nodes of circuit as transistors are utilized as switches. The amount of active devices is thus reduced; however as the 

number of stages increase it becomes difficult to observe a significant difference between high and low logic levels. 

Master-slave latches have been implemented using inverters and pass transistor logic (PTL) as shown in figure2. The 

two chained inverters are in memory state when the PMOS loop transistor is on, that is when clock (clk) = 0. Other two 

chain inverters on the right hand side acts in the opposite way. The flip-flop changes its state during the falling edge of 

the clock. 

IV. SIMULATIONS RESULTS OF THE 2/3 PRESCALER 

Divided by 2 output: 

 
Fig. 5: divided by 2 waveform 
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Divided by 3 output: 

 

 
 

Fig. 6: divided by 3 waveform 

 

V. CONCLUSION 

 

This paper presents a 2/3 Prescaler (Programmable Frequency Divider) designed in 45-nm CMOS process with various 

logic of D-flip-flop. After analysis these all stimulation results of all 2/3 circuit we conclude that power dissipation of 

2/3 Prescaler design using the PTL is very low ,and Speed of 2/3 Prescaler design using the transmission gate is very 

high that means delay is very less compare to another logic at 1v supply in 45nmTechnology. 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 more perfect for low power 

design 

  

TABLE I 

Comparative Analysis of 2/3 Prescaler 

 

S.r 

No. 

Parameters 2/3 Prescaler using  with Different Logic 

1 Design AND-OR 
GATE 

AND-OR GATE using CMOS AND-OR GATE using GDI Logic 

2 Design D-flip-flop TSPC Transmission            

Gate 

Pass 

Transistor 

      TSPC Transmission            

Gate 

Pass Transistor 

3 Used Technology 45nm 45nm 45nm 45nm 45nm 45nm 

4 Power 
Dissipation(in 2 

divided) 

6.8648µW 9.1762µW 7.5287µW 12.259µW 8.8736µW 5.9257µW 

5 Power 
Dissipation(in 3 

divided) 

6.7438µW 8.676µW 6.4414µW 4.7595µW 7.0981µW 4.5681µW 

5 Delay(in 2 

divided) 

131.004ps 117.031ps 124.891ps 131.295ps 115.476ps 122.044ps 

6 Delay(in 3 

divided) 

131.277ps 117.904ps 125.255ps 132.366ps 116.058ps 123.765ps 
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