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Abstract— The phase frequency comes under the phase locked
loop system. PLL assures the output signal with same phase and
frequency as that of the input signal. The main propose of this
phase frequency detector is to reach low power consumption, fast
frequency acquisition in the PLL, mainly for synchronization,
clock generation ,skew jitter reduction, clock recovery. With
growing technology, there is a requirement of PLL circuit with
faster locking ability. This paper is about redesign of phase
frequency detector for PLL system using 180nm technology
(GPDK180) in CADENCE VIRTUSO Analog design with 1.0v
supply voltage. For designing this circuit it requires only 6
transistors and operating frequency 8GHz
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I. INTRODUCTION
In recent few years, the design of low power and low jitter
PLL for application has become big task in VLSI design;
many came with different technology to reduce the power
consumption and reduction in jitter in VLSI circuits. For many
communications like applications PLL generates on-chip
clocks. PLL is a feedback system that fixes phase relationship
between its output clock and input reference clock. PLL
generates a signal with the same phase as that of a reference
signal, for achieving this we have to see many iteration of
comparison of the input Vref signal and output signal
(feedback signal). The components of PLL are loop filter (LP)
phase frequency detector (PFD), voltage controlled oscillator
(VCO), charge pump (CP), and Frequency divider as in Fig 1.

Heart of the PLL circuit is the phase frequency detector (PFD)
.The concept under lying behind PFD is to compare two input
signal’s phase and frequency. Depending upon the phase and
frequency deviation it gives two non-complimentary outputs
which are Vup and Vdown. The both outputs of PFD are
combined by using charge pump circuit to give single output.
This output intern given to a low pass filter whose output is
DC control voltage.DC control voltage controls the phase
frequency of VCO. If the PFD out is Vup signal, the error
voltage increases at the output of LPF, that causes the VCO
output frequency to increase. For DOWN signal, the VCO
output signal frequency decreases. The work concentrates on
design of non-linear device PFD. Only 6 transistors are used
by pass transistor based PFD design. Phase noise, output noise
and jitter are calculated for this PFD.
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Fig -1: Block diagram of PLL

2. CONVENTIONAL PFD

PFD is heart of the PLL system for generating clock signal.
PFD is better than phase detector and frequency detector
because PFD detects phase and frequency at a time. Observing
the phase deviations is important in PFD because it affects
overall performance of PLL, for example dead zone, jitter,
lock -time and phase noise. Phase detector is implemented by
using NOR gate latches for D Flip-Flop. Traditional PFD
architecture is implemented using finite state machine having
four states. Fig 2 describes the overall functionality of PFD
using state transition diagram.

The two non-complementary outputs Vup and Vdown are
generated by Finite State machine. The generated output
depends on the response of their inputs Vref clock and Vvco
clock .PFD will have one state out of the four stste at any
point of time. The states are as fallows.

REFclkrising edge

REFclk rising edge

REFclk rising edge

Create
up
Pulse

Create
down
pulse

VCOclkrising edge VCOclkrising edge VCOrising edge

Fig 2.Tri-state finite state machine diagram
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Vup= logic 0 and VVdown= logic 0

Vup= logic 1 and Vdown= logic 0

Vup= logic 0 and Vdown= logic 1

Vup= logic 1 and Vdown= logic 1

Both REFclk and VCOclk having same frequency ,Vup pulse
leads the Vdown by difference in the phase of two input
signals when REFclk leads the VCOclk in phase i,e Vup=logic
1,Vdown= logic 0,otherwise Vup=Ilogic 0 and Vdown =logic
1.1f the frequency and phase of both signals are same, then
Vup = “0”and Vdown = “0”. Operation of sequential circuits
mainly depends on either raising or falling times of triggering
edge.

2.1 DESIGN ISSUES WITH PFD

Some of issues like: a) Blind zone, this is due to when PFD is
unable to identify the small phase difference in their inputs, it
gives a region of small gain i,e zero gain near the phase lock.
The region with low gain is known as dead zone. the wrong
polarity in the output of PFD caused by blind zone due to the
frequency insensitivity of the PFD. The frequency
insensitivity of the PFD to any transitions in the input signals
in known as blind zone. Blind zone causes wrong polarity in
the PFD output, which effects the behavior and increasing the
acquisition time, which in turn alters the frequency. At high
frequency, particularly in the PLLs wused for optical
communication, this is a major problem. Phase detection range
is degraded by blind zone. b) Variations in the supply and
substrate interference of output is because of deviation of
threshold from the ideal case called Jitter. c¢) Trade-off
between Power consumption and phase noise .To measure the
PFD performance noise is the main parameter. The power
consumed by the device increases with decrease in the phase
noise performance, they are inversely proportional to each
other.

3. PRESENT PFD ARCHITECTURES

Many used the concept of state diagram and came up with
several design topologies. The D-FlipFlop and reset path using
NAND gate are used in the conventional PFD architecture.
Due to the delay caused by the internal components of flipflop
.i,e delay because of gates and reset time.Because of this D-
PFD was unable to detect the phase error,when it is in dead
zone region and this was the major drawback. Due to complex
design it features static power dissipation, phase.There is
trade-off between power consumed and phase noise
performance i.e the power consumed by the device increases
with decrease in the phase noise performance, they are
inversely proportional to each other. Due to this at a higher
rate noise performance is lowered.By taking the concept of tri-
state PFD using 16 transistors the modified PFD came with
new architecture and it over comes the complexity.
Architecture using AND gate and a NOR gate called fully
differential PFD topology came with much better phase noise
than modified and D-FF based PFD, and it is free from dead
zone problem. Due to circuit complexity it draws more power.
Falling edge topology came with only12 transistor; it operates
only on the negative edge of the inputs and with high voltage
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levels, but at high levels device will not function as that of
traditional. New topology called GDI cell based PFD with
high operating frequency, less power consumption came with
using only 4 transistors, and less power is due to its simple and
small area.

4. PROPOSED ARCHITECTURE OF PASS TRANSISTOR
BASED PFD

To improve the performance of design in low power digital
circuit we used the pass transistor logic (PTL).Pass transistor
it is like electronic switch with properties like non-mechanical
relay, uses CMOS technology. Some of merits of PTL over
standard CMOS design are: a) Low power dissipation, as it
uses less number of transistor. b) It requires less area hence
low interconnection. c¢) High speed because of small node
capacitances. However most of PLL implementations incur
with two main basic problems. First, Reduces the current
driving capability due to the threshold drop at single-channel
pass transistors, due to this at reduced supply voltages the
circuit operation gets slower, Second, high input voltage level
is not regenerative at inverter pass transistor gate. The PMOS
transistor of inverter is not possible to turn off with reduced
voltage level, thereby causing power dissipation to be
significant factor.

Pass transistor logic(PTL) will not use fixed power supply
value, they are single FETs and pass the signal from source to
drain or from drain to source with less area, but cannot pass
entire voltage range. Mobility of PFETSs is less than that of
NFTs. So NFTs are used for this application. High mobility
NFETSs increases the switching operation than PFETs with
same area. In the proposed circuit design a set of controlled
signals are applied through the gate of NFETS.

Proposed design is by taking both the concept of tri-state
machine and pass transistor gate concept. Finally called as the
pass transistor PFD (PT _ PFD) as show in below figure 3. It
works much closure to conventional PFD. For generating
qualitative clock the PT-PFD is a better architecture. This
circuit designed with less complication. From study research
methods it was found that all types of PFDs uses more number
of transistors, but proposed PT-PFD circuit is designed with
only six transistors.
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Fig 3.Circuit diagram of PT-PFD

The performance is calculated on many parameters for
example, phase noise, power consumption, jitter, maximum
operating frequency, output noise.

The quality of clock signal is known from the how much
percentage of jitter and phase noise is in the signal or clock,
jitter in the PFD will show noisy operation. Jitter in PFD
represents the noise. Substrate interfaces, supply noise and
variation in supply presents the two major problems i.e Jitter,
noise. Thermal noise from NMOS and PMOS channel causes
the output noise to vary.

The fluctuation of threshold crossing occurs because of
substrate coupling with a clock and also due to the
susceptibility to the supply. Propagation delay time at Vth
changes due to supply variations with respect to time. Phase
noise increases the with operating frequency but inversely
proportional to power consumed by device, hence there us
trade-off between power consumption and phase noise. So
select off-set frequency such that phase noise and power
consumption will have optimal trade-off.

5. SIMULATION RESULTS

This paper presents a PFD design for PLL; we have designed
and implemented the PFD circuit using pass transistor and tri-
state state machine concept. The circuit is implemented using
GPDK 180nm CMOS technology VDD is chosen to be
1V.With 50MHz several parameter are measured for example
jitter, phase error, phase noise, power consumption and
maximum operating frequency. Fig 4 describes PFD operation
with both inputs having same duty.
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Fig 4. Output wave of PT-PFD with their inputs having same same duty
cycle
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Fig 5.0utput wave of PT-PFD with VCOclk frequency is 3times higher than
REFclk frequency

After having look at the graph in Fig 4 and Fig 5,it is well
understood that PFD functionality depends on the duty cycle.
Fig 4 represents that the both inputs have 50% duty cycle, here
there is no phase shift. From Fig 5 we can observe that the
frequency of VCO is 3 times greater than frequency of
reference signal, with inputs having different frequencies will
introduce problem of phase shift and causes jitter, phase noise
and dead zone on the circuit.

Fig 6 represents the phase noise and output noise of PT-PFD
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Fig 7 Ploting graph between voltage Vs and time at 8GHz
from Fig 8. Fig 8.PT-PFD maximum operating frequency is 8GHz.
5.4 is the average power consumption of PT-PFD shown in
Fig 9.PT-PFD finds application in low power, high speed and
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Fig 9.PT-PFD tion is 5.4
Fig 7.PT-PFD Jitter is 0.8ps at 8GHz 9 POWEr consumption IS 5.4pw
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6. CONCLUSION

From the simulation results obtained, following conclusion are
first, the circuit can successfully operates for the desired
frequency range 8GHz with 0.8ps jitter. Second, results in low
power consumption, low voltage utilization and with small
area as it uses only 6 transistor in the circuit design .At
100MHz the output noise is -157.2Db and phase noise -
126.9Db/Hz. The average power consumption 5.4pw.On
observing all these performance parameters it is well
understood that PT-PFD has an outstanding performance.

IJERTV 415051079

International Journal of Engineering Research & Technology (1JERT)
ISSN: 2278-0181

Vol. 4 Issue 05, May-2015

REFERENCES:

[1] “A fully integrated standard-cell digital PLL,” T. Olsson and P.
Nilsson, IEEElectron. Lett., vol.37, pp. 211-212, Feb. 2001.

[2] Kuo-Hsing Cheng, Tse-Hua Yao, Shu-Yu Jiang, Wei-Bin Yang, «
A difference detector PFD for low jitter PLL The 8th IEEE International
Conference on Electronics,” Circuits and Systems, pp. 43 - 46 vol.1,
Aug. 2001.

[3] Behzad Razavi. “Design of Analog CMOS Integrated

McGraw-Hill 2002.

[4] K. Arshak , Abubaker, and Jafer. 2004 “Design and Simulation
Difference Types CMOS Phase Frequency Detector for High Speed and
Low Jitter PLL”, proceedings of 5th IEEE International Caracas
Conference on Devices, circuits, and Systems, Dominican Republic,
Vol. 1, Nov.3-5, pp.188-191.

[5] Tord Johnson, Ali Fard and Denny Aberg. 2004 “An Improved Low
Voltage Phase-Frequency Detector with Extended Frequency
Capability”, The 47th IEEE International Midwest Symposium on
Circuits and Systems, pp. 181-184.

[6] Mozhgan Mansuri, Dean Liu, and Chih-Kong Ken Yang, “Fast
Frequency Acquisition Phase-Frequency Detectors for GSamples/s
Phase-Locked Loops” IEEE JOURNAL OF SOLID-STATE
CIRCUITS, VOL. 37, NO. 10, OCTOBER 2002.

[71 G.B. Lee, P. K. Chan, and L. Siek, (1999) “A CMOS Phase Frequency
Detector for Charge Pump Phase-Locked Loop”, IEEE 42nd Midwest
Symposium on Circuits and Systems, Vol.2, pp. 601 — 604.

[8] SinisaMilicevic and Leonard MacEachern, (2008) “A Phase —
Frequency Detector and Charge Pump Design for PLL Applications”
International Symposium on Circuits and Systems,pp.1532-1535.

[9] Nasreen M.H.Ismail,Masuri Othman (2009) “CMOS Phase and
Frequency Detector for High Speed Applications”Internatonal IEEE
conference on Microelectronics pp.201-204.

2

Circuits”.

www.ijert.org 981

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



