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PHASE-LOCKED LOOPS CIRCUIT DESIGN

MrKAHAT YOOYEN
Mr.PORNTHEP JINBUA

Adviser. VARAKORNKA SEMSUWAN
2004

Abstract

This project is to study and design the digital phase-locked loop which consist of three main
component namely phase detector, voltage-controlled oscillator(VCO) and low pass filter. Firstly, the
study of three component are carried out and the design are then followed. Secondly, the designed
three main component are connected to form the phase-locked loops. Thirdly, the programmable
divider is connected in the feedback loop to form the frequency multiplier. Finally, the designed

phase-locked loops simulated and layout to investigate it’s performance and specifications using

HSPICE (MOSIS 0.8 um CMOS Technology)
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TABLE3.1 Summary of Parametres and Formulas for Digital PLLs

Parameter
category Symbol Parameter Definition
General @, Center frequency of the  Angular frequency of the VCO at 4, =0
VCO
Tis Ty Time constants of loop
filter
o, Natural frequency of the o, is the natura; frequency of the PLL system.
PLL The PLL responds to an excitation at its input with a transient,
Normally a damped oscillation with angular frequency o,
¢ Damping factor Mw,&= time constant of the damped oscillator
Acquisition Aw, Hold range Frequency range within which PLL operation can be statically stable
If the frequency offset of the reference signal is smaller then the lock
Ao, Lock rang range, the PLL locks within one signal-beat note between reference
and output frequencies
Time required for the lock-in process
TL Lock-in time
If the frequency offset of the reference signal is pull-in range, the PLL
Aw, Pull-in range will slowly lock after number of beat notes between reference and

Pull-in time

output frequencies

Time required for a pull-in process




Formulas for second-order PLLs

Type of loop filter

Passive lag Active lag Active PI
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s Low-gain loops :
FO=ExOR . Low-gain loops ABp > oo
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High-gain loops
— High-gain loops
Aa)P :_Vga)nKoKd V.4
N3 Aw, =T,/ga)"KnK,,
2
Low-gain loops
Low-gain loops Awp — oo
Aop =7260,K K, = @}
Aw, = ﬂ\/Zga),,KDKd -l K,
High-gain loops
High-gain loops
Awp = m/z,/ga),,K”Kd
Aw, = m/fwlgwnKaKd
PD = PFD <oy T
Awp — o
PD = EXOR ®: ZFN 4 Aw! R T
To= — 72
PD = JK-Flipflop . Pl s e
2
PD = PFD 7, =0l
T, = 7 ¢, ;. 200,
K, (U, /2) T, = * K U,12)

kK (U12)
K,K,([U, 12)- Ao,
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-Supply Voltage = 5V
-Phase comparator is PFD output charge-pump

VOLTAGE CONTROLLED OSCILLATOR (VCO)
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Characteristic Symbol Value Units
Maximum Frequency e 370 MHz
Minimum Frequency ) 100 Hz
Maximum Voltage g 5 Volt
Minimum Voltage W\ 0.7 Volt
Gain Koo 0.54 x10° Radians/V.s
PROGRAMMABLE DIVIDER

INPUT NUMBER OF N

S, S, 35 DIVIDER

L 15 L 2

L L H 4

L H L 8

L H H 16

H L, L 32

H i H 64

H H L 128

H H H 256

L=GND AND H=V,,
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