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Abstract— CMOS based devices are highly recommended for low static power consumption and noise immunity. CMOS 
technology is used in various analog circuits like comparators, Amplifiers, Digital to Analog, Analog to Digital Converters, 
Phase Locked Loop(PLL) and many others. Here, in this paper we have studied various CMOS based PLL Circuits using 
different technologies like True Single phase Clock(TSPC), Injection Locked frequency Divider(ILFD) etc. to achieve low 
power consumption . 
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I. INTRODUCTION 
 
A PLL is a feedback system where one signal tracks 
to another signal till both of the signals get 
synchronized in the mean of frequency as well as in 
phase. Basically we can say that PLL is a server 
system which controls or try to reduced the phase 
error to minimum between output and reference 
phase Fig. shows the block diagram of PLL in which 
we have connected different components like phase 
detector, low filter and VCO [1]. 
 
II. BASICS OF THE COMPONENTS OF PHASE 
LOCK LOOP (PLL) CIRCUITS 
 
a) Phase Detector 
Basically the phase detectors are divided into two 
categories that is square signal detector and another 
one is the sinusoidal Phase detector. The square 
signal phase detectors may also named as sequential 
phase detector because they have their 
implementation mostly in sequential circuits. Since 
sequential phase detector have passed amount of 
memory which is used to generate phase detector 
character which is difficult or we can impossible to 
get by any multiplier circuit while sinusoidal phase 
detector has interval of phase detection from −2/ߨ to 
 It operates as a multiplier i.e zero memory .2/ߨ+
device and square signal phase detectors 
characteristic are of linear type over interval of phase 
detection is from −2/ߨ to +2/ߨ for any triangular 
phase detector, for saw tooth phase detector is from –
 and for sequential frequency or phase ߨ+ to ߨ
detection is from -2ߨ to +2ߨand in square signal 
phase detector if we increase interval of phase 
detector then it will provided the larger tracking 
range, increase the lock limit than which can be 
obtained from sinusoidal phase detector [2]. 
 
b) Voltage Controlled Oscillator (VCO) 
The VCO which is an oscillator whose output 
frequency is proportional to the applied input voltage 

and it can be oscillate from frequency of few Hertz to 
hundred of GHz the VCO has an LC tank circuit with 
an inductor, a capacitor along with one or two 
transistors the VCO used in PLL or very same as that 
we used for other application like we used in 
modulation and automative frequency control. There 
are few basic requirement of VCO i.e 1. it should 
have phase stability 2. it should have large frequency 
deviation 3. It should have linearity of frequency 
versus controlled voltage. 4. It should have the 
capability to accept wide band modulation 5. It 
should have high modulation sensitivity the other 
four requirements are in direct position to the phase 
stability [3]. 
 
c) Loop Filter 
The Loop Filter used in the PLL is a low pass filter. it 
is used to suppress the signal component of high 
frequency generate from phase detector and to 
suppress noise. it also helps to provide a DC 
controlled signal to the voltage controlled oscillator 
(VCO). if we assumed that the loop is in lock range 
then we can say that phase detector is linier and its 
outputs voltage to phase error because the loop filters 
the phase error voltage. the loop filter also affect the 
ability of loop to change frequency. A filter with low 
cutoff frequency will only pass low frequency and 
this corresponds to slow changes in voltage level 
while a loop filter with high cutoff frequency will 
performed the changes faster [4]. 
 
III. OPERATIONAL FUNCTIONALITY OF 
PHASE LOCK LOOP (PLL) CIRCUITS 
 
Let the phase difference between signal and VCO 
voltage is ߶radians, then the output voltage of phase 
detector is given by 

 
݇߶ is the phase angle to voltage transfer coefficient 
of phase detector then the loop filter which is a low 
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pass filter filters the High frequency component of 
output voltage of phase detector after that the output 
of loop filter is amplified and applied as a control 
voltage Vc or input voltage to the VCO it is given by 

 
where A is voltage gain of Amplifier and the input 
voltage or control will shift the VCO frequency from 
its free running frequency f0 to a new frequency f and 
it is given by 

where Kv is voltage to frequency transfer coefficient 
of VCO. 
 
LOCK-IN RANGE 
When the PLL is initially locked state with the signal 
a phase difference ߶ is established between VCO 
output voltage and signal voltage and it is given by 
[5] 

and then frequency will be in extent synchronization. 
Lock-in frequency range is PLL is 2 Δ݂ܮ , where 

 
Figure 1: Capture Range of PLL Circuit [6] 

 

 
Figure 2: Capture Range of PLL Circuit [7] 

 
CAPTURE RANGE 
Initially when the PLL is not in the locked state the 
frequency of VCO is f0 which is the free running 
frequency. Therefore the phase angle between the 
VCO voltage and signal is 

change with respect to time is given by 

if the loop filter is simple RC low pass network and 
its transfer function is approximately is given by 

Therefore, 

has 

Therefore maximum frequency shift of VCO is 

and since f = fs to capture maximum signals µ 
frequency and the maximum signals frequency range 
captured by PLL is [8] 

Where 

Therefore, the range of frequency that can be 
captured by PLL 

 
 
IV. LITERATURE SURVEY OF CMOS BASED 
PHASE LOCK LOOPS (PLLS) CIRCUITS 
 
Jeng-Han Tsai, Shao-Wei Huang and Jian-Ping 
Chou (2014) analyzed that by utilizing the 
transformer feedback VCO and a high speed True 
Single Phase Clock(TSPC) divider, the 5.5 GHz PLL 
achieves the low power consumption of 9.23 mW and 
they placed a rail-to-rail buffer amplifier in between 
VCO and TSPC to get the full swing of voltage for 
TSPC input because it is the challenge for using high 
speed TSPC i.e it needs full voltage swing of input 
voltage. In the design of high frequency PLL, the 
Injection Locked Frequency Divider (ILFD) for 
divider’s chain first stage and Current Mode Logic 
(CML) Frequency Divider requires large power 
consumption for high frequency operation therefore 
at the place of Injection Locked Frequency Divider 
(ILFD) and Current Mode Logic (CML) divider 
authors have used TSPC Divider which consumes 
less power than CML is utilized at the Divider’s 
chain first stage [9-12]. Finally authors have designed 
a 5.5 GHz PLL and implemented on the TSMC 
standard 0.18µm IP6M CMOS process. The PLL 
consist of a transformer feedback VCO and high 
speed TSPC to reduce power consumption in PLL . 
Authors have measured the total power consumption 
was 9.23mW and In-band phase noise is -85dBc/Hz. 
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I-Wei Tseng and Jen-Ming Wu presented a 10 GHz 
PLL design for high speed networking with low 
power consumption. Authors had implemented a 
mixed design of Current Mode Logic (CML) and 
True Single Phase Clock (TSPC) to reduce the power 
consumption of Frequency Divider. In addition of 
gain boosting design of charge pump and this design 
leads to low jitter and low reference spur. To improve 
the gain of the VCO authors had proposed an 
additional diversity of VCO i.e user body bias. The 
PLL circuit by RF CMOS process in TSMC 0.13µm. 
The three main contribution of this paper are firstly 
authors had proposed a combination of CML and 
TSPC based design to optimize the frequency divider 
for low power consumption , Second contribution is 
thee use of charge pump with gain boosting final and 
the last one is the VCO with gain boosting to improve 
gain . The frequency divider combine low speed 
divider with high speed divider to reduce the power 
consumption and takes two step to reduce power 
consumption. Firstly authors removed current tail 
from the high power consumption divider (CML-
DFF). Mainly the function of current tail is to give 
current stability. To improve the operation speed 
authors had removed current tail because the CML 
buffer which is connected to first divider and 
appropriate amount of swing can be provided from 
each divider stage . Secondly, they have removed the 
number of high speed divider replaced by TSPC-DFF 
which is a low power consumption divider. The 
TSPC-DFF takes more time to switch the logic level, 
contrary, TSPCDFF is a dynamic logic and save more 
power of the divider compared to CML-DFF. In this 
proposed PLL they had chosen the divider number 
N=64 and therefore 6 divider of 2 are needed . they 
had chosen 4 divider with medium speed (2.5GHz 
and below) and 2 divider with high speed (10 GHz, 
5GHz) to reduce the power consumption in the 
frequency divider section of the PLL [13-18]. 
 
Therefore finally they had implemented a 10GHZ 
PLL which is fabricated in 0.13µm CMOS and it 
consumes only 18.7mW which is the lowest power 
consumption by any 10GHz PLL design and to get 
lower jitter and much better spur they had used a 
charge pump to get better performance of PLL. 
Architecture of PLL designed by authors is given in 
Fig below  

 

 
Figure 3: Architecture of PLL Circuit [I-Wei Tseng and Jen-

Ming Wu] 

Changhua Cao, Yanping Ding and Kenneth K.O had 
proposed a 50GHz charge pump PLL that utilized an 
LC oscillator which is based on Injection Locked 
Frequency Divider (ILFD) and it was fabricated in 
0.13µm logic CMOS process. By adding ILFD the 
PLL can be lock from 45.9 to 50.5 GHz and its output 
power level is about -10dBm. They had increased the 
operating frequency range by tracking the 
selfoscillation frequencies of the frequency divider 
and the VCO. 
 
The static frequency divider which are widely used 
can be operated above 44GHz till that time and if one 
want to operate at much higher frequency then it can 
be made possible only to built the static frequency 
divider in SiGe BiCMOS technology but their power 
consumption will be high. Therefore to get low power 
consumption and to achieve higher frequency 
operation authors had proposed an Injection Locked 
Frequency Divider (ILFD) . However operating 
frequency of ILFD is much narrower than that for 
static frequency divider. In this they had worked to 
increase the range of operating frequency by using an 
ILFD and by tracking the VCO and ILFD’s self-
oscillation frequencies. Oscillator Injection Pulling or 
Locking phenomena is defined as when a continuous 
wave close to the fundamental of oscillator 
subharmonic or super-harmonic will pull away or 
even it may lock the oscillator output. If one further 
want to extend the locking range the ILFD is 
designed in such a manner that the resonant 
frequency of its tank tracks that of the VCO and to 
tune the self-oscillation frequency of the ILFD they 
had used the MOS varactors. MOS varactors control 
voltage tied with the control voltage of the VCO and 
therefore the self-oscillation frequency of the ILFD 
tracks that of the VCO. Therefore self-oscillation 
frequency of VCO should be twice as that of ILFD. 
ILFD output frequency is around 25GHz and at this 
frequency a static divider can be used but its main 
advantage is that it can achieve much wider range of 
frequencies and it also occupies much smaller area 
like the 1/512 static divider which contains nine 
divider-by-2 stage and schematic of divider-by-2 
stage based on Masterslave D flip flop in which they 
had connected the inverted slave output to the master 
input and each of the master slave latch is 
implemented by Current Mode Logic (CML). 
 
The result of this paper is that the loop can be locked 
from 45.9 to 50.5 GHz and power consumption is 
57mW. This is the highest frequency to be locked by 
PLL despite of noise fabricated in Si technology even 
they had arose a problem also that to understand the 
noise at push-push node . A 192 GHz push-push 
VCO can be built in 0.13µm CMOS . Therefore 
CMOS PLL which can be operate at hundreds of 
GHz also be possible [19-23]. The architecture 
designed by authors is given below: 
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Figure 4: Architecture of PLL [Changhua Cao,Yanping Ding 

and Kenneth K.O] 
 
Jri Lee, Mingchung Liu and Huaide Wang had 
presented a paper in which they had designed and 
verified experimentally a 75GHz Phase Locked loop 
(PLL) which they fabricated in 90nm CMOS 
technology. In the circuit they had incorporated a 
three quarter wavelength oscillator to achieve two 
major issue , first one was high frequency operation 
another one was to get appropriate Phase and 
frequency detector based on SSB mixer which is used 
to suppress the reference feed through and PLL 
shown in figure given below Figure 5: Architecture of 
PLL [Jri Lee, Mingchung Liu and Huaide Wang]This 
architecture demonstrates an operation range of 
320MHz and consumed 88mW of power from 1.45 
voltage supply. A robust VCO with properly arranged 
dividers are main requirements to design an Ultra 
high speed PLL and their operation locking range 
should be overlapped with each other. At such high 
frequency , to make blocks individually is easy to 
build than to make connecting blocks with aligned 
frequency in a loop because any unexpected change 
may shift the VCO frequency that may prohibited the 
loop from lock. One more issue is in the charge pump 
PLL i.e the spurs occurs because of the comparison of 
pulse width in phase detector which is used to 
translate the periodic perturbation to the control line 
and this issue may cause serious interferences in 
wireless system. 
 
Therefore authors had presented a fully integrated 
PLL fabricated in 90nm CMOS technology to tackle 
with above described issues. The stringent tradeoff 
between locking range and operation speed could be 
relaxed by appropriate arrangement used for different 
divider topologies. For this authors had proposed a 
new frequency and phase detector topology which is 
based on SSB mixer to obviate the pulse generation 
that leads to ‘quiet’ phase comparison and 
substantially suppressed the reference sidebands. Till 
that time to authors best knowledge it was the fastest 
and fully integrated PLL for all technologies [24-26]. 
The three main technical aspects used in this paper 
are Novel VCO topology which leads to improve the 
speed and noise , second is appropriate arrangement 
for dividers which ensures the locking along loop, 
third and the final one is SSB mixer based phase 
frequency divider which is used to achieve quiet 
phase comparison that leads to ultra-low spurs. 

 
CONCLUSION & DISCUSSIONS 
 
This paper Review shows the various design method 
of CMOS based PLL circuits that have been 
discussed here such as utilizing an LC oscillator 
based Injection Locked Frequency Divider (ILFD) to 
achieve low power consumption and higher 
frequency operation , by utilizing transformer 
feedback VCO and high speed True Single Phase 
Clock (TSPC) , using a combination of Current Mode 
Logic (CML) and True Single Phase Clock (TSPC) 
these all logic designed to reduce the power 
consumption of the frequency divider circuit of the 
PLL . This paper provides us a comprehensive 
solution to many of the solution that will impact on 
power consumption of PLL Circuit 
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