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Abstractd A 2GHz carrier recovery Costas Loop based
BPSK detector is designed usin € MOS 0. 18&em
The designed BPSK detector consists of single to differential
conversion circuit, phase/frequency detector, Voltage
Controlled Oscillator, diff erential to single conversion
circuit, first order loop filter and a third multiplier.
Different architectures available for each block have been
discussed along with the desigmethodology adopted. The
schematics were simulated in analog design environmen

The Costas loop presented in this work can sense botk 0
and 180 p h a s eirput. &hus thet Costas loop carrier
recovery circuit overcomes the 18 phase
presented by the conventional PLL. The designed Costas
loop for BPSK detection is ableto detect and demodulate
data rates up to 50Mbps. The lop can track with in the
VCO frequency range of 1.99GHz to 2.01GHz. The lock
range achieved for this loop is 20MHz. The power
consumption of the Costas Loop BPSK detector was found
to be 0.25mw.

Index TermsT Costas
oscilator

loop, PLL, voltage controlled

I. INTRODUCTION

Today, microprocessor design is running through
some enormous changesdnable and optimize the key
survival factors such as Speed and power to the world of
microprocessor design. The semiconductor technology is
also rapidly changingo copeupwith some of the major
requirements like speed, power, cleskew and signal
synchronization. The higand systems performance
degradation could result, if thelock-skew and clock
synchronization issues are not properly dealt with. The
performare of the microprocessor has improved at the
surprise rate of doubling every I8onths resulting hike
in their operating frequency and thus leading the
Input/outputcircuit speed.

Phase locked loops (PLL) was found to be the most
efficient way toaddresshese issues. PLL has a variety of
applications which could address most of thesies.
On-chip signal integrity and Chifo-chip signal integrity
is avoided by clockinghe chip faster than the bus speed.
Here PLL could be used to generate lower and drigh
frequencies required for a bus and Chip respectively. The
clock frequencies witimultiple-phase could be generated
using PLL suiting different applications. Also PLtsuld
be used to generate a frequency output with respect to the
input digital word[1]

Usage of PLLs has led to some of the innovations

such as embedded microcontrollepgrsonal computer,
advanced workstations, applications and file serveeb,

servers for the internet, largeale computing clusters,

t e ¢ hharrdhetddasid mobile dives.

A phaselocked loopis a closed loop control system
that generates a signal that has a fixed relation to the
phase of a "reference" signal thapresent at its input. A
phaselocked loop circuit responds to both the frequency
and the phase of the nput signals, which will
automatically increase or decrease the frequencw of
controlled oscillator until it is matched to the reference

a mb i sggHal InYooth frequency anghasgs]. The basic block

diagram of a PLL is shown in FIG 1
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FIG.1.Basic PLL Model

The basic model of PLL consists of phase detector,
Error amp, low pass filter and ¥oltage controlled
oscillator. The feedback loop automatically corrects any
phase/frequency difference between the incoming
frequency and the VCO generatggnal.

II. ARCHITECTUREOF COSTAS LOOP
Digital modulation technique has been classified as

Amplitude-Shift keying (ASK), FrequencyShift keying
(FSK) and Phas&hift keying (PSK). In digital
modulationscheme, an analog carrier is modulated by a
digital data bit stram. In BPSK we changghe phase of
the sinusoidal carrier to represent information bit. The
i nf or mat i wansmittad by shifing the phase of
the sinusoid by 189 and i nf or treamdmittedn

without any phase change in sinusoid i.e. wittaOp h a s e

shift. Binary-Phase shift keying is one of the most
efficient binary data modulation techniques in terms of
noise immunity per unit bandwid®j. The basic lock
diagram of the Costas loop fBPSK is shown in FIG 2
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FIG.2 Basic Block of Costas Loop for BPSK

The BPSK demodulation using conventional PLL
presents 18phase ambiguityvhenever the data signal
changes its phase frog0 t o0 18 0 ¢ ahugthevi ¢
demodulated data signal will be the reverse of the data
that is originally transmitted thas not desirable. The
solution to overcome this 180 phase ambi gu
Costas LoopThe Costas Loop can sense both the 0a n d
180e phas e sThua wher thénconiing patat .
reverses its phase the loop will not dotik and still
detect the data in therder it was transmitted.

To optimally demodulate the BPSK signal meaning to
recover the datshat was transmitted the frequency and
phase of thearrier needs to be exactigproduced at the
receiver end. The Costas loop consists of two branches
n a me | yranch Widich is a coherent branch since the
signal with same phase will be multipli@dherently to
demodul at e t he dat a aledd
orthogonal branch sincéhe incoming BPSK signal is
multiplied by an orthogonal carrier. The output of these
two6l 6 and 6Q6 branches are
phase difference which is agairconverted into
proportional DC voltag@]. The DC cotrol voltage is
proportional to thephase difference between incoming
RF signal and the internally generated carrier. In this
paper the mathematical analysis of Costas loop fokBPS
is done which proves that thie coherentbranch will
detect and demodulatiee transmitted data.

t

lll. DESIGN METHODOLOGY
The Costas PLL loop receiver designed using

transisor level architecture. The looponsist of several
blocks. It each bloclkhas been classified several types.
In this paper, we considéhe power consumpdin factor
get theparticular block in the classificatigh]-[5].

The Costas PLL Loop BPSK Detector consists of the
following blocks:
1)Single Ended I/P to Double Ended O/P Converter
2)Phase/Frequen®etector (Gilbert Cell Mixer)
3)Third Multiplier (Song and Kim Multiplier)
4)Double Ended I/P to Single Ended O/P converter
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5)Current Starved Voltage Controlled Oscillator
6)FirstOrder Loop Filter
T)Attenuator.

A sinusoidal carrier signal of 2GHz is modulated by a
square wave data signal of 50MHz.

The Gilbert Cell mixer is used as a phase frequency

detector which will multiply thancoming BPSK signal
and VCO generated signal to recover the data (50MHz)
thatmodulated the carrier at the transmitter.

Costas PLL loop for BPSK Detection

BPFSK Modulater Block

FIG.3. Costas PLL Loop BPSK Detector

A. Bpsk Modulator
A transmission gate is nothing but a PMOS and
NMOS transistor connected in parallel. It acts like an
analog switch with complementary inputs.
The logic used to generate a BPSK signal is very
simple with the help of few transmission gates as shown.

Ahigh616 on NMOS and a | ow 0C

feosos B sHEfCh pagsfng inp
h igh 616 on |

swnch To generate a BPSK signal, two complementary

datals nal rupnln% ﬁ{ 50MHz are applled to thegqates of

tWe two trar?sstors he sm?ngl to be modula?e , aa}ngh a

frequency sine wave signal running at 2GHz is applied as
an input. Thus whenever the switch closes the respective

carrier wave will be at the outgdt.
BPSK MODULATOR
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FIG.4 Bpsk modulator
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B. Gilbert Cell Mixes as a Phase Frequency Detector D. Single Ended Input todouble Ended Output
Conversion
The Phase detector is an analog device that This circuit will drive the second differential input of

would produce an output voltage that is proportional to thephase/ frequenceg pla smnalehi
the phase and frequendjfference between its applied generated by a VCO is a singtaded output. This output
input signals. The phase/frequency detection in here is of the VCO is one of the differential inputs to the phase
achieved withhelp of a four quadrant Gilbert cell mixer. detector. Thus a single ended I/P to Double ended O/P
The four quadrant multiplier issed here since both input circuit is used between VCO and Rhase detector to
and output signals have positive and a negative polarity. convert the sigle ended VCO output to double ended
A Gilbert cell mixer is basically a frequency translation phase detectomput. To generate a differential output
system that would allow frequendgwn-conversion. The means to produce signals which are out of phgsE3Q: .
purpose of the Gilbert cell mixer in here is to produce the
output that is proportional to the phase/frequency
difference between the two input signalie transistors
MO and M5 are the RF transistors to which the RF inputs
are applied.These twotransistors perform voltage to
current conversion and again these differential RF inputs
get multiplied from M2 through M6 multiplying RF
current from MO and M5 with locabscillator signal

applied across M2 and M6 transis{@is
qu

L
I*_ Rloada *J Rload

) = =17

FIG 7.Single Ended InpubtDoble ended output
conversion

E. Double Ended Input to Single&ended Ouyput
Conversion
The Double Ended Input to Single Ended Output or a
differential circuit is as shown in the FIG.8The
differential output of the phase frequeristector is to be
converted in to single ended output. This conversion takes
differential output from the mixer instead of a single
output which is necessary to reject the looatillator
FIG.5.Gilbert cell mixer as a Phase Frequency Detector feedthrough. The transistor width is chosen in such a way
to handle the drainurrent of the biasing transistor and to
provide sufficient voltage gaj8].

C. Song and Kim Multiplier
A four quadrant Song and Kim multiplier is used as a
third multiplier in theCostas loop design. The function of vad @
the third multiplier is to produce a signal that is

proportionaltot he phase di fference
branch signal. This signal gassed through an integrator Hre =

type filter which will produce a DC voltage proportional
to variations in the signal applied to its infRjt

' R3
< r=500.0

VSS

FIG.8. Differential to single conversion stage
The differential to single stage conversion circuit is

designed for a differential squareaves since the
differential output of the mixer is square wave in nature.
Either Vinl or Vin2 could be selected or takes the

FIG.6. Song and Kim Multiplier
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output depending on the required polarity of the output IV. PROPOSED DESIGN
signal meaning Vat could be either Vinl or Vin2

F. Current Starved VCO
The current starved VCO designed here has 3 stages

of inverters.The PMOS and NMOS transistors at the top
and the bottonof the inverters act as a current source.
The current that is delivered to these inverters depends on
the control voltage being applied to the leftmost current
source. The drain currents of the first stage current source
will be approximately the same vdhi is again controlled

by the control voltage applied to its control input shown
in the figure. It is called current starved VCO since the
current supplied to the inverters is limited by the
respective current source. Achieving required frequency
is quieteasier since there is a direct relationship between
the current supplied to the inverters and its propagation
delay3].

The progressive sizing is done to obtain the required
frequency for the applied control voltage. The output of
the third stage is fed bk to thefirst stage and this
mechanisnmwould cause oscillations to build. The current
starved VCO or a ring oscillator designeédre has three
stages; each stage provides a phase shift ef.45 Thus
there isa phaseshif90e fr om t he fir st
the third stage inverter. The VCO for the Costasp S
requires generating signals witg 0 and 90e phas (iiiiiimEys
The output of the first stagis buffered to generate a SRR
signal with @  pehshif and output of the third stage is R :
buffered to obtain a signal with 80 phas®e ®hi ft . wepla

phase shift signal is goingto thepnhase 61 6 br an-- - | RS
9 is connected to the orthog Db e quency
range ofthe ring oscillator is larger #m the tuned LC Lol S BT PO MRS S RS

oscillatof4].
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FIG.11. Double end
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FIG.9. 3-Stage VCO
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FIG.15 Current strave®/CO

V. SIMULATION AND RESULTS
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FIG.14 SINGLE END
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FIG.17. DOUBLE END
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FIG.18 PHASE DETECTOR FIG.20. CURRENT STRAVED VCO
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FIG.19 SG MULTIPLIER

FIG.21Simulation results of Costas PLL BPSK Detector

The binary sequence 0100101111 was generated using
the taner. This data pattern is the inpiot the BPSK
modulator. This low frequency data signal running at
50MHz will modulate the other high frequency carrier
signal at 2GHz input to the modulator. The generated
BPSK signal is then given as an input the denatdu
The designed Costas Loop BPSK detector can detect and
demodulate any binary data streamthe data rate up to
50Mbps.

FIG.20 SINGLE END
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TABLE NO.1 Power Comparison

NAME PROPOSED EXISTING
DESIGN (in | DESIGN
Watts) (in Watts)

BPSK

MODULATOR 1.567 pW 2.01puw

DOUBLE END | 1.805mW 2.306mw

PHASE 9.9 nW 10.02mw

DETECTOR

SG 9.712mwW 9.821mwW

MULTIPLIER

SINGLE END | 1.382mW 1.5482mW

VCO 3.08mwW 4.802mwW

Conclusion:

A Costas PLL Loop for BPSK detection was
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[4] J.J Spilker,Digital Communication by Satellite,
Belmont CA, Prientice
Hall Inc, 1977.
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Editiondo, Wonl ey publicati

successfully implemented usingl08 e m t echnol ogy i n

tanner. The first and foremost requirement of this design
was to generate or recover a carrier frequency at 2GHz at
the receiver and then matching that with the
phase/frequency of the incoming BPSK signal. This was
achieved with the helpf a ring oscillator which is a
current starved VCO in configuration for this
demodulator design. In this design a first order loop filter
was scaled to an incoming data rate. Here first order was
chosen considering the effects of VCO input gate
capacitane. Filters need to be optimized such that its
bandwidth is wide enough to minimize ISl and narrow
enough to minimize noise. This Costas loop can see
incoming signal phases ok@nd 18@ a aembduldte
the data stream up to 50Mbps. The Costas PLL BPSK
Detector consume8.25mwof power. The design can be
implemented with higher order loop filter for better
response with the trad#ff on chip area and cost. A
coherent BPSK demodator using antparallel
synchronization loop could be implemented which uses
differential VCO instead of a quadrature VCO. This will
considerably reduce the chip area and improve the
performance.
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