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Abstract— A new architecture and simulation of an 

integer n frequency synthesizer using PLL for RF 

application has been illustrated in this paper. This 

design consists of low power phase frequency detector, 

low jitter charge pump, ring oscillator based VCO, 

passive loop filter and 8 bit frequency divider using 

250nm technology. This presents the simplest way to 

design and simulate integer n frequency synthesizer 

and lock the PLL. The design and analysis of PLL is 

done on simulation EDA TANNER TOOL 13.0.The 

main benefit of using PLL technique in Frequency 

Synthesizer is that it can generate frequencies of 100-

200MHz comparable to the accuracy of a crystal 

oscillator. This paper gives a brief introduction to the 

basics of Phase Locked loops. 
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I. INTRODUCTION 

Phase Lock Loop (PLL) is a new class of circuit, used 

primarily in communication applications. It is suitable 

for a wide variety of applications, such as AM radio 

receivers, frequency demodulators, multipliers, 

dividers and as frequency synthesizers. The first Phase 

Lock Loop ICs came in existence around 1965, and 

was built using purely analog devices. Recent 

advances in integrated circuit design techniques have 

led to an increased use of the PLL as it has become 

more economical and reliable. Now a whole circuit 

can be integrated as a part of a larger circuit on a 

single chip. This paper gives a brief introduction to the 

basics of PLL.PLL is the most constituent of modern 

electronics system. A Phase Lock Loop is a negative 

feedback system that locks reference signal with 

feedback signal.[1] 

 Phase Locked Loop Fundamentals  

 

A PLL is a closed-loop feedback system that sets fixed 

phase relationship between its output clock phase and 

the phase of a reference clock. A PLL tracks the phase 

changes that are within the bandwidth of the PLL.A 

PLL is a negative feedback control system circuit. As 

the name implies, the purpose of a PLL is to generate 

a signal in which the phase is the same as the phase of 

a reference signal. This is done after many iterations 

of comparing the reference and feedback signals. The 

overall goal of the PLL is to match the reference and 

feedback signals in phase, this is the lock mode. After 

this, the PLL continues to compare the two signals but 

since they are in lock mode, the PLL output is 

constant. [6] 

 

A basic form of PLL consists of five main blocks: 

1. Phase Frequency Detector (PFD)  

2. Charge Pump (CP) 

3. Low Pass Filter (LPF)  

4. Voltage Controlled Oscillator (VCO) 

5. Frequency Divider 

 

A PLL is a device which causes a signal to track 

another one. It keeps an output signal synchronizing 

with a reference signal input signal as well as in phase. 

More precisely, the PLL is simply a servo system, 

which controls the phase of its output signal in such a 

way that the phase error between output phase and 

reference phase reduces to a minimum.[(2),(3)] 

 

 
Fig (1) Block diagram of Phase Locked Loop 

 
The phase detector compares the phase of the output 

signal to the phase of the reference signal. If there is a 

phase difference between the two signals, it generates 

an output voltage, which is proportional to the phase 

error of the two signals. This output voltage passes 

through the loop filter and then as an input to the 

voltage Controlled oscillator (VCO) controls the 

output frequency. Due to this self correcting technique, 

the output signal will be in phase with the reference 

signal. When both signals are synchronized the PLL is 

said to be in lock condition. The phase error between 

the two signals is zero or almost zero at this. 

As long as the initial difference between the input 

signal and the VCO is not too big, the PLL eventually 

locks onto the input signal. This period of frequency 

acquisition, is referred as pull-in time, this can be very 

long or very short, depending on the bandwidth of the 

PLL. The bandwidth of a PLL depends on the 
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characteristics of the phase detector (PD), voltage 

controlled oscillator and on the loop filter. Before 

going to look at overall loop operation, let us discuss 

the main functional blocks in some more detail.[4] 

1) Phase Frequency Detector 

The very first block of PLL is Phase Detector. The 

role of Phase Detector/comparator in a phase-locked 

loop circuit is to provide an error signal which is some 

function of the phase error between the input signal 

and the VCO output signal [4] 

 
Fig (2) Phase Frequency Detector 

 
PFD is a device which compares the phase of two 

input signals and provides a signal in the form of 

phase error. It has two inputs which correspond to two 

different input signals, usually one from a current 

starved voltage controlled oscillator and other is a 

reference source. It has two outputs which instruct 

subsequent circuitry on how to adjust to lock onto the 

phase. 

 

From Fig the Schematic Circuit of Phase Frequency 

Detector compares the leading edges of data and data1 

(data is the input signal to PFD, data1 is considered as 

the feedback signal from the output of VCO to PFD). 

A data1 rising edge cannot be present without a data 

rising edge. If the rising edge of the data leads the 

data1 rising edge, the "Up" output of the phase 

detector goes high while the "Down" output remains 

low. [5]This causes the data1 frequency to increase 

and makes the edges move closer. If the data1 signal 

leads the data, "Up" remains low while the "Down" 

goes high. And we can find the phase difference 

between data1 and data. 

 

2) Charge Pump  

A charge pump circuit is used to convert the digital 

signal from the phase frequency detector to analog 

signal, the output of which is used to control the 

frequency of the voltage control oscillator. The output 

of the PFD should be combined into a single output to 

drive the loop filter. In Fig (3) Charge pump, two 

NMOS and two PMOS are connected serially. The 

uppermost PMOS and lowermost NMOS are 

considered as the current source and the other PMOS 

and NMOS in the middle are connected to the "Up" 

and "Down" of the output of PFD, respectively When 

the PFD "Up" signal goes high, the PMOS will turn on. 

This will connect the current source to the loop filter. 

It is in the similar way when the PFD "Down" signal 

goes high.    

 
Fig (3) Charge Pump Structure 

 

3) Loop Filter 
Filters are frequently added after the charge pump 

to reduce the ripple. The function of the loop filter 

is to convert the output signal of phase frequency 

detector to control voltage and also to filter out 

any high frequency noise introduced by the 

PFD.[(10),(11)] The loop filter shown in Fig used 

with this type of PFD is a simple RC low-pass 

filter.  

 
Fig (4) Loop Filter 

 

 
Fig (5) PFD, Charge Pump and Loop Filter 

 

 
 

                      Fig (6) Schematic diagram of PFD,Charge Pump and 

Loop  

Filter 
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Fig (7) Output waveform of PFD,Charge pump & Loop Filter 

 

 
Fig(8) Layout of PFD 

 

4) Voltage controlled Oscillator (VCO)  

A VCO is a voltage controlled oscillator, whose 

output frequency ωo is linearly proportional to the 

control voltage vc generated by the Phase detector. 

This linear relation between the control voltage and 

the output frequency simplifies the PLL design. Here 

we used a ring oscillator VCO. 

 
Fig (8) Ring Oscillator 

 

 
Fig (9) VCO characteristic 

 

The slope of the curve is constant. As the υc varies 

from 0 to 2 volts, the output frequency of the VCO 

varies from 3 Mrad/s to 12 Mrad/s. Outside this range 

the curve may not be linear and the VCO performance 

degrades or become non-linear. Depending on the 

specific requirements of a circuit, the range can be 

selected such that the circuit always remains in its 

linear range, so the non-linear range is not an issue 

here. When the PLL is in the lock condition, the 

output frequency   . 

 
 

Fig (10) Schematic diagram of Ring Oscillator 

 

Fig(11) Output waveform of VCO 

 

Fig (12) Layout of Ring VCO 

5)  Frequency Divider  

Besides a PLL it also includes a very stable crystal 

oscillator with a divide by N programmable divider in 

the feedback loop. The programmable divider divides 

the output of the VCO by N and locks to the reference 

frequency generated by a crystal oscillator. 

Frequency divider divides the VCO frequency to 

generate a frequency which is comparable with 

reference frequency. Here we used divide by N 

network, we can vary the divider network for 

synthesis of different frequencies. It divides the clock 

signal of VCO and generates clock as shown in Fig 

then applied to phase frequency detector which 

compare it with input data [8]. 

 

The operation of the programmable divide-by-N 

counter can be described as follows. The number of 
divide-by-two counter is the number of bits needed to 

represent the largest loop divider number. The 

programmable input is represented in binary number 

as BnBn-1…B1B0. The output of all such counters is 

fed to an end-of-counter (EOC) detector. The counter 
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counts down from a certain given number, N, until it 

reaches zero. When the counter reaches zero, the 

EOCB is the invert of EOC and it signals a reset 

circuit to initialize the counter back to N (fig 13) 

 

 

Fig (13) n -bit programmable counter 

 

 

Fig (14) Schematic Diagram of 8-bit counter 

 

 
Fig (15) output waveform of counter 

 

 
Fig (16) Layout of feedback loop 

 
 Integer N Frequency Synthesizer using PLL 

 

Thus the final circuit comprises of all the above 

discussed blocks .As it is earlier described that the 

integer n frequency synthesizer using Phase Lock 

Loop here made by using PFD ,Charge pump ,Loop 

Filter, Starved ring VCO and an 8-bit counter in the 

feedback loop.[12] Here presented the systematic 

representation of the overall system. 

 

Fig (17) Integer N Frequency Synthesizer using PLL 

The simulated result of schematic is viewed on the W 

(waveform)-edit of the Tanner tool.The final output 

waveform of complete Integer N Frequency 

Synthesizer using Phase Lock Loop is shown in fig 

(18). 

 

 

Fig (18) output waveform of final circuit 

    The above output consists of following signals: 

 IN is for one of the input signal  

 PFD Up is for output of PFD Up signal. 

 PFD Dn is for output of PFD down signal. 

 LF out is the output of Loop Filter 

 clkIN is the output of VCO. 

 ClkOUT is the output of Divider circuit, this 

performing divide by 8 operations. 
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 ClkIN2 is the second input to the PFD 

and the output of divider circuit too. 

II. RESULTS AND DISCUSSION 

The subject of Phase Lock Loop is wide and 

diverse.There are many other aspects that can be 

combined in the design to achieve better performance 

and more powerful results.The PLL for high 

performance and RF application has been designed 

using 250nm CMOS technology and simulated on 

EDA TANNER 13.0.The proposed VCO has been 

designed for getting optimized 100-200MHz 

frequency, average power consumption of 3.6734e-

004W and supply voltage of 1.2volt.Since the area 

calculated is the sum of areas of individual circuits of 

the PLL because it was complex for me to make the 

layout of the whole system ,this will be completed as 

my future work.  
 

S.No. Parameters  250nm 

Technology 

1 Tool TANNAER 

13.0 

2 Supply Voltage 1.2V 

3 Power 

Consumption 

3.6734e-004W 

4 Maximum Power 1.082866e-

003W 

5 Minimum Power 7.320522e-

005W 

6 Area 43.924 µm^2 

7 Reference 

Frequency 

5MHz 

8 Output Frequency 100-200MHz 

9 Charge Pump 

Current 

27 µA 

10 Series Resistance 10K 

11 Series Capacitance 20pF 

12 Parallel 

Capacitance 

20pF 

13 Gate length 0.25 

14 Control Voltage 1.8V 

 

Table 1: Output of Integer N Frequency Synthesizer using PLL 

 

Comparative study of results 

 The results are compared with the following 

research papers and the current study of PLL. 

They are summarized as follows:  

S.N

o. 

Parameters My Design [6] [9] [15] 

1 Tool Technology 

TANNER 

13.0 

   

2 Technology 250nm 350nm 180nm 250nm 

3 Power 

Supply 

1.2V 3.0V 0-2V 2.5V 

4 Reference 

frequency 

5MHz 20MH

z-

5MHz 70MH

z 

2GHz 

5 Output 

Frequency 

100-

200MHz 

350M

Hz-

16GH

z 

5.15-

5.25G

Hz 

180-

320M

Hz 

6 Gate Length 0.25 0.35 0.18 0.25 

7 Power 

consumption 

3.6734e-

004W 

7.6m

W 

_ 3.875

mW 

8 Area 43.924 

µm^2 

   _ _ 45.666 

µm^2 

9 Charge 

Pump 

Current 

27 µA 20 µA 125 µA _ 

10 Series 

Resistance 

10K 18K 276.12

5K 

_ 

11 Series 

Capacitance 

20pF 24pF 9.22pF  

12 Parallel   

Capacitance 

20pF 3pF 0.61pF  

 

Table 2 Comparative Results of PLL 

III. CONCLUSIONS 

 
The design of PLL based integer type frequency 

synthesizers for wireless transceivers involves the 

compliance with a defined set of specifications. Phase 

locked loop remained an interesting topic for the 

research, as it covered many discipline of electrical 

engineering such as Communication Theory, Control 

Theory, Signal Analysis, Design with transistors and 

op amps, Digital circuit design and non- linear 

analysis. The PLL has been designed with low power, 

small chip size using 250nm CMOS technology for 

high performance PLL and simulated by EDA 

TANNER TOOL 13.0. 
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