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ABSTRACT

The complexvalued matchedfilter correlators consumemaxi-
mum power in the DS/SSCDMA recevers. Thesecorrelators
accumulatel024sampledying in the range-7to +7. This accu-
mulation needs3 data bits, 1 signbit and 10 extra bits for over-
flow. Hence,the correlator canbeimplementedasa cascadeof
4-bit full adder and a 10-bit incrementer As a ripple carry
adder (RCA) consumesthe least power among all the exist-
ing adder architectures,we have implementedthe 4-bit adder
asa RCA. Previousincrementerswere implementedasripple
counters. In this paper we proposea novel incrementerwhich
is faster than a ripple counter basedincrementer Hence, it
can be operated at a reduced voltage resulting in consider
able power reduction. The incrementer is implemented us-
ing multiplexers, AND gatesand TSPC registers. The ripple-
counter correlator and the proposedincrementer correlator
were laid out in MAGIC using 0.5¢ CMOS technology fol-
lowed by power estimationusing HSPICE. It is shown that the
proposedarchitecture requires50% lesspower than a ripple
counter baseddesign.

1.. INTRODUCTION

The viability of portable applications of all-digital spread-
spectrumrecevers hingesupon the developmentof low-pover
matchedilter correlators.In DS/SSCDMA [1] [2] [3] recevers
maximumpower is consumedn the comple valuedmatchedil-
tercorrelatorsvhile determininghephaseof therecevedPNcode
[4] [5] [6]. A total of 7 correlatorsarerequiredto operateat the
highestfrequeng in theserecevers,approximatelytwice thechip
frequenyg with its outputbeingdecimatedat the datafrequeng.
Hencethey consumealargefractionof theoverallrecever power.

Correlatorsin DS/SSrecevers accumulate1024 samplesat
64M H z lying in the range-7 to +7. Hence,accumulationfor
1024samplesequires3 databits, 1 signbit and 10 extra bits for
overflow, leadingto a total dynamicrangeof 14 bits. The corre-
lator canbe implementedwith a full adderandanincrementein
cascadeThefull adderis implementedasRCA whichis knowvn to
consumeheleastpowveramongall theexistingadderarchitectures
[5]. Hence thewhole problemof designinga low-power correla-
tor boils down to thedesignof alow-powerincrementerin [7] the
incrementewasimplementedasa ripple counter(seeFig. 2) and
theoverall correlatorwasprovedto have lesspower consumption
comparedo thecorrelatordiscussedh [8].
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This paperdiscussesnimplementatiorof a 10-bitincrementer
(seeFig. 3) whichis fasterthanthe 10-bitripple counter Hencejt
canberun atareducedvoltageresultingin a considerableeduc-
tion in the power consumption.The incrementeiis implemented
usingmultiplexers, AND gatesand TSPCJ[9] [10] registers. For
comparisompurposesthe ripple counterandthe incrementerare
laid out in MAGIC using 0.5 CMOS technologyfollowed by
power estimationusingHSPICE.

This paperis organizedasfollows. Section2 describesheprin-
ciple behindthe new proposedncrementer Pover consumedn
the incrementerandin the ripple counteris presentedn section
3. Section4 presentshe power consumptiorof theripple counter
basectorrelatorandthe proposedorrelatorarchitecture.

2.. CORRELATOR DESIGN

Thedesignhasthefollowing features

1. The designusesbiasedrepresentationf theincomingdata
bits as discussedn [7]. This representatiortorverts the 4-bit
signeddatato a 4-bit positive value. The biasedrepresentation
leadsto theimplementatiorof the correlatorasa 4-bit RCA anda
10-bit incrementemwhich is gatedby the carry outputof the 4-bit
RCA. The actualoutputin two’'s complementepresentatiocan
be obtainedby complementinghe MSB of the 14-bit biasedsum.

Theincoming4-bit two’s complementiatato the correlatorhas
arangefrom —7 to +7. We obtainthe biasedrepresentatioy
adding8 to the dataso thatthe datanow lies in therangefrom 1
to 15. This additionof 8 is doneby complementinghe MSB of
the4-hitincomingtwo’s complementataasshavn herewith two
examples.

If £ = (—6)10 = (1 0 1 0) thenthe biasedvalue of z is
z+8=(210=(010)2= (001 0) Similarly, if
z = (2)10 = (0 0 1 0)2 thenthe biasedvalueof z isx + 8 =
(10)10 = (001 0)2 = (1 010)a.

2. In orderto incrementan N-bit numberby 1 we cancomple-
mentthe LSB andthe otherbits till we encountethefirst 0 after
whichtherestof thebits areleft unchangedThis principlecanbe
usedto designanincrementefFor example,

for z=10010111 Q)

z+1=10010T11=10011000. @)

3.. POWER CONSUMPTION OF THE INCREMENTER

The AND gatesin the circuit areimplementedasa cascadef a
NAND gateandaninverter Theinputsto the NAND gateshave
beenreorderedo optimizethe powver consumptionTheclock pe-
riod of the correlatorwas setto the sumof the delay of the in-
crementeplusthefull-adderdelay As RCA is supposedo have



the leastpower consumptionthe 4-bit adderis implementecasa
carry-rippleadder Thedelayof a staticCMOS 24 transistorfull-
adderis 0.5ns andthat of a half-adderis 0.4ns at 3.3V. Hence,
thetotal delayfor a 4-bit adderis 2ns approximately

Proposedncrementer:The transistorsn the NAND gatesare
sizedfor anunit inverterdelay True SinglePhaseClock (TSPC)
(seeFig. 1) registersareused. The transistorsn the multiplexers
aresizedto give equalrise andfall time. For the proposedncre-
menter

Delayincrementer = 3.0ns Pincrementer = 700NW
Tclk = 6ms.

RippleCounter. TheripplecounteiisimplementedisingTSPC
registers.For theripple countey

Delayripplecounter = 10ns Pripplecounter = ZOONW
Tclk = 13ns.

The input to the matchedfilter correlatoy in a DS/SSCDMA
recever, is 4-bitsandis clocked at 64 M Hz. This implies that
the correlationmustbe completein 15.6ns(64 M H z) minusthe
register setuptime. The register setuptime is 1ns. Hence,the
maximumspeedat which the correlatorcanbe clocked is 13ns.
Sincethe proposedncrementeis clocked at 6ns, we canreduce
its power consumptiorif we increaseheclock periodto 13ns and
runit atareducedsupplyvoltage[8].The ripple counterdoesnot
have ary scopeof power reductionsinceit is alreadyclocked at
13ns. T, andthepowerdissipatiorcanbegivenby thefollowing
equations:

Ter = CchargeVO/k(VO - ‘/t)2 (3)
P= aCtotalV02f' (4)

We obtaina g of 0.6 which meansa supplyvoltageof approxi-
mately2Volts. The delayof thefull-adderat this reducedvoltage
is 1.4ns andthatof a half-adderis 0.9ns. Hence thetotal delay
of the 4-bit adderis 5.1ns. Theregistersetuptime hasincreased
to 2.3ns. In orderto maintainour previousclock of 13ns weneed
to pipelinethe 4-bit adderat 2-bit level. Hence thetotal delayof
the4-bit addemreducesgo 2.8ns. Thenew figuresfor theproposed
incrementearegivenby;,

Delayincrementer ="7.0ns Pincrementer = 155HW
Tclk = 13ns.

Thus,we obtainareductionof 22.5% in thepower consumptiorof
the proposedncrementeascomparedo theripple counter both
clockedat 13ns but attwo differentsupplyvoltages.

4.. POWER CONSUMPTION OF THE CORRELATOR
CHIP

Thetotal power of thecorrelatorchipis the sumof thepower con-
sumedin the 4-bit adderandthe incrementer/rippleounter The
power consumedn the incrementer/rippleeounterhasto be re-
ducedto half asthe probability of gettinga carry out from the
4-bitadderis approximatel\d.5. Thepowerconsumedn the4-bit
addertakesinto accountthe power consumedn one half-addey
threefull addersandtheregisters.

For the proposedncrementetbasedcorrelatorthe pover con-
sumptionat supplyvoltageof 2V is givenby:

Prspc = 1TuW ' Phaif—adder = 25pW
Pfull—adder = 29MW

Ptotal = 0.5 * Pincrementer + 13 * Prspc + Phalf—adder +
3 * Pruli—adder = 410p. W

For the ripple counterbasedcorrelatorthe pover consumption
atsupplyvoltageof 3.3V is givenby:

Prspc =49uW ' Praif—adder = T0uW
Pruii—adder = 85uW

Piotar = 0.5 % Prippie—counter + 8 * Prspc + Phaif—adder +
3 % Pruil—adder = 817Tp.W

For both approacheghe delayand power consumptiorresults
were obtainedby HSPICE simulation. The capacitancevalues
wereextractedfrom the layoutandincludedin the simulation.

Hence,we obtaina power savings of approximately49.8% in
the entire correlatorchip after usingthe proposedncrementers
comparedo theripple counter

5.. CONCLUSION

The resultspresentedabore shav that the proposedncrementer
leadsto a reductionof approximately22.5% in power compared
to theripple counter However, the netsavingsin the correlatoris
approximately19.8%. The proposedncrementeicanbe clocked
asynchronouslgincethecircuitin cascadés combinationatather
thansequentiabsin theripple-counter This will furtherincrease
the speedand consequentlyreducethe pover consumeddue to
reductionin supplyvoltage.
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Figure 1. TSPCRegister
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