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Abstract 

This paper presents the design of PLL (Phase Locked 
Loop) using PFD (Phase Frequency Detector) based on 22 
transistors using D-FF (Flip Flop), Tri-state charge pump 
(CP), passive loop filter of first order and five- stage CS-
VCO (Current Starved VCO) circuit.In this design, large 
VCO gain with increased lock range from (357MHz-
900MHz) and reduced lock time is achieved using first 
order passive lag loop filter.With the  reduced number of 
inverter stages in the CS-VCO power dissipated by overall 
PLL is getting improved (7.08mW) with less design 
cost.Area occupied by such PLL is also reduced. This 
reduction in area and power is achieved with the help of 
five-stage CS-VCO instead of LC-Tank VCO .The 
prototype is simulated using O.18um CMOS process 
technology with supply voltage of 1.8V.  
Keywords: PLL, PFD, CSVCO, Lock Time, Lock Range, 
Charge Pump 
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1. Introduction 

A Phase Locked Loop (PLL) is a system that locks the 
phase or frequency to an input reference signal. PLL’s are 
widely used  in computer, radio,and telecommunications 
systems where it is necessary to stabilize a generated signal 
or to detect signals. 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 signal, comparing the reference and feedback 
signals. A PLL is a closed loop frequency system that 
locks the phase of an output signal to an input  reference 
signal. The term “lock” refers to a constant or zero phase 
difference between two 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. The signal from the 
feedback path, ffb, is compared to the input reference fref, 
until the two signals are locked. If the phase is unmatched, 
this is called the unlocked state, and the signal is sent to 

each component in the loop to correct the phase difference. 
 
 

2. Block Diagram   
            

 
Figure: Block diagram of PLL 

 
A basic form of a PLL consists of four  main blocks: 
    1) Phase Frequency Detector (PFD)  
    2) Charge Pump (CP)  
    3) Low Pass Filter  
    4) Voltage Controlled Oscillator (VCO)  
 

The block diagram of Phase Locked Loop is 
shown in the Figure.1.It mainly consists of four blocks, the 
functionality of each block is explained here. The first 
block is  Phase frequency Detector (PFD) which is one of 
the main part in PLL circuit. It compares the phase and 
frequency difference between the input reference signal 
and the feedback signal. Depending upon the phase and 
frequency difference between two signals, it generates two 
output signals “UP” and “DOWN”. The  Charge Pump 
(CP) circuit is mainly used in the PLL circuit to combine 
both the outputs of  the PFD and to give a single output. If 
the Charge Pump receives UP signal from the PFD  then 
the CP pumps charge  into the LPF capacitor which 
increases the control voltage, Vcntrl. On the contrary, if 
the Charge pump  receives DOWN signal from the PFD 
,then  CP removes charge from the LPF capacitor, which  
decreases Vcntrl. Vcntrl signal is the input to the VCO. 
The phase and frequency of the Voltage Controlled 
Oscillator (VCO) output depends on the generated DC 
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control voltage, Vcntrl. The main purpose of the VCO is to 
either speed up or slow down the feedback signal 
according to the error signal generated by the PFD. If the 
PFD generates an UP signal, then error voltage at the 
output of LPF increases which in turn increase the VCO 
output frequency. On the other hand, if PDF generates 
DOWN signal, then  VCO output frequency decreases. In 
other words If the PFD generates an UP signal, the VCO 
speeds up  and  if PDF generates DOWN  signal then VCO 
slows down. After this output of the VCO is then fed back 
to the PFD in order to recheck  the phase difference, thus 
creating a closed loop frequency control system. The 
output of the VCO is fed back to the input of PFD through 
the frequency divider circuit. The frequency divider in the 
PLL circuit forms a closed loop. It scales down the 
frequency of the VCO output signal. 

 
 
2.1 Phase Frequency Detector (PFD) : 

 
 

The of the general operation of the PFD begins by describing 
the initial state of the device. First, the Up and Down signals 
are reset to low or zero and assume both the reference 
frequency signal and the VCO signal are high or one. 
Additionally, the reference frequency waveform is slightly 
leading the VCO waveform. When a falling edge occurs on 
the reference frequency input, the high or one on the D input 
is transmitted to the Q output or Up. A short time later, the 
VCO waveform experiences a falling edge and the Q output 
or Down of the other flip flop is set.Once both Up and Down 
are high or one, the NAND gate experiences a transition to 
force the Reset signal to zero.The flip flop are designed so 
that zero on the Reset signal resets the Q outputs to zero. 

 
2.2 Charge Pump (CP) and Low Pass Filter (LPF): 
 
This charge pump consists of two switched current sources 
that pump charge into or out of the loop filter according to 
the PFD output. When the reference leads the feedback 
signal,the PFD detects a rising edge on the reference 
frequency and it will produce an up signal. This 

up signal from the PFD will turn the UP switch on, and it 
will cause the CP to inject current into the loop filter, 
increasing Vcntrl.When the feedback leads the reference 
signal,the PFD detects a rising edge on the feedback signal 
and will produce a down signal.This down signal from the 
PFD will turn the DOWN switch on, and the CP will sink 
current out of the loop filter. 
 
 

 
Figure: CP/LPF circuit 

 
The first order passive lag fi Iter which is designed by 

adding an extra zero to simple passive loop filter using R and 
C. In case of simple Re filter the output of the filter have very 
little variation in the control voltage for the change in the 
oscillation frequency at veo output. So locking condition does 
not take place anywhere. To overcome such problem of 
locking, passive lag filter is used which increases the lock range 
of the PLL. 

 
 

2.3. Voltage Controlled Oscillator(VCO): 
 

 
 

Figure: CS-VCO circuit 
 

There are two different types of voltage controlled 
oscillators used in PLL, Current starved VCO and Source 

1002 
 

http://www.ijiset.com/


            IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 5, May 2015. 
          www.ijiset.com 

ISSN 2348 – 7968 
 

 

coupled VCO. The current starved VCO is shown 
schematically in Figure. 
MOSFETs M2 and M3 operate as an inverter, while 
MOSFETs Ml and M4 operate as current sources. The 
current sources, Ml and M4, limit the current available to 
the inverter, M2 and M3; in other words, the inverter is 
starved for current. The MOSFETs M5 and M6 drain 
currents are the same and are set by the input control 
voltage. Its operation is similar to the ring oscillator .The 
currents in M5 and M6 are mirrored in each 
inverter/current source stage. The ring oscillators, 
however, do not have the complication of the on-chip 
inductors required for the LC oscillators. Thus the chip 
area is reduced. In addition to a wider tuning range; ring 
oscillators with even number of delay cells can produce 
quadrature-phase outputs. 
 
 
2.4. Frequency Divider: 
 
Frequency divider divides the VCO frequency to generate 
a frequency which is comparable with reference frequency. 
Here we used divide by 2 network, we can vary the divider 
network for synthesis of different frequencies. It divide the 
clock signal of VCO and  than applied to phase frequency 
detector which compare it with input data. 
 
 
3. Results: 
 

 
Figure: Simulation result of PFD when Fref rising edge    
leads Ffb rising edge 
 

 
Figure: Simulation result of PFD when Ffb rising edge    
leads Fref rising edge 

 
 
Figure5.4 Simulation result for loop filter with PFD when    
Ffb clock edge leads Fref clock edge 
 
 
 

 
 
Figure: Different signals of PLL in lock state for schematic 
level 
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4.Conclusion: 
This paper includes the designing of Phase Locked Loop in 
CADENCE tool with 180nm process technology. The 
analysis shows that the power dissipation by the overall 
PLL is quite less (5.02mW - 7.08mW) by using 5-stage 
CSVCO which shows the optimal performance of the PLL 
under given circumstances. Also the lock time has got 
improved around (54ns) using Five stage CSVCO 
comparatively. Such performance analysis of PLL shows 
that it can be utilized for the frequency synthesizer 
application. Such PLL’s are widely used in computer, 
radio, and telecommunications systems where it is 
necessary to stabilize a generated signal or to detect 
signals. 
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