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Abstract— 1-GHz wide-band VCOs using SAW resonators have
been successfullydeveloped. A control-voltage sensitvity of over
5%/V has been achieved by using new edge-trap-type SAW-
resonators. Optimizing the reflectors of SAW resonatorsis very ef-
fective for suppressingthe spuriousresonancef the Rayleighwavein
the oscillation band.

Two typesof VCOs are compared. One usesa Si bipolar junction
transistor asafeedbackamplifier and the other usesa GaAsMESFET.
Both VCOs achieved a control-voltage sensitvity of over 5%/V and a
phasenoiseof lessthan -107dBc/Hz at a 25 kHz offsetfrequencyfrom
the carrier frequency The GaAsMESFET VCO showed better phase
noiseperformance than the Si transistor VCO at a 30-kHz or greater
offsetfrequency By changingthe amplifier elementsiit is possibleto
achieve the requirementsfor both local VCOs and transmissionVCOs
for wir elesscommunication terminals.

|. INTRODUCTION

Surfaceacoustiowave (SAW) resonatorsiave beencon-
sideredto be attractve as voltage-controlledoscillators
(VCOs)dueto their compactnesandhigh Q value. How-
ever, it hasalsobeenconsideredlifficult to achieve wide-
bandSAW-VCOs, sincethe bandwidthof SAW resonators
hasbeensmallerthanthatof otherresonatorgmicro-strip-
line resonatorsglielectricresonatorsetc.).

Recently edge-trap-type&SAW (alsoknown as”grating-
mode-typeSAW”) resonatorshatshow largek? have been
developed[3]. Wide-bandvCOsfor 170-MHz-band400-
MHz-band[1], and 1-GHz-band2] applicationhave been
developedby usingedge-trap-typ&AW resonators.

We have investigatedthe phasenoise performanceof
VCOsusingedge-trap-typ&AW resonatorsin particulay
we have focusedon spuriousresonance the VCO oscil-
lation band.In this paper we describea problemwith pre-
viousedge-trap-typ&AW resonatoraindpresentsolution
to this problem.Thedifferencen phase-noisperformance
by usingdifferenttransistorsn VCOsis alsodiscussed.

1. EDGE-TRAP-TYPE SAW RESONATOR
A. Impedanceipple in oscillationband

Edge-trap-typeSAW resonatorshave thick (typically
over 10% of the SAW wavelength) Al electrodesfabri-
catedon 15° -rotatedY-cut X-propagationlithium niobate
(15° YX-LN) substratesTheseresonatorprovide a large
k2 of up to 23%anda high Q valueof over210atthereso-
nantfrequeng.

In a previous work [2], our group introduced the

diamond-shapednter-digital transducer(IDT) structure.
Figure 1 is a top view of a typical diamond-shapedne-
port SAW resonatar The aperturelengthdecreasesn ei-

thersideof the IDT to minimizetheresistancef the elec-
trodesandthe chip size. Fig. 2 shows a close-upview of

theIDT. To reduceleakageof excited SAWS, reflectorsare
placedbetweerthe busbarsandthe crossingarea.

Fig. 1. Topview of diamond-shape8AW resonatar
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Fig. 2. Close-upview of IDT (reflectorsandcrossingareaareshawvn).

Fig. 3 shavstheimpedanceesponsérealpartonly) of a
200-MHz-bandSAW resonatomusingthe diamond-shaped
IDT structure.A smallripple (A), which hasnotbeenseen
for corventionallDTs, appearedt a lower frequeng than
theresonanfrequeny (f;) (B). Accountingfor this ripple
is essentiafor SAW-VCO performancesincethe VCO os-
cillation rangeincludesthis frequeng.

We have fabricatedvariousSAW resonatorsith differ-
ent f, values(i.e., differentelectrodeperiodsandAl thick-
nesses)and we have found that all of them had ripples
at a frequeng correspondingo the sameSAW velocity
of about3160 m/s. Therefore,we have concludedthat
this phenomenoris not due to fabricationprocessvaria-
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tion but is an inherentproblem of SAW resonatorsusing
thediamond-shapelDT structure.

0.35
g B
= i
£ 030
o
T
£ oz k
o M
o
3
g 0.20 P
E

0.15

180 190 200 210 220 230

Frequency (MHz)

Fig. 3. Impedanceespons®f 200-MHz-bandSAW resonatar

B. Simulationand Analysis

To analyzethis phenomenonwe have simulatedthe
impedanceaesponsef aninfinite IDT. The simulatorwas
programmedy combininga finite-elemenimethodandan
analyticalmethod[3]. Thecalculatedmpedanceesponses
areshawn in Figs. 4 and5. Whenthe SAW propagation
directionwasexactly parallelto the crystal’s principal axis
(x-axis.i.e.,@=0), noripplewasfound(Fig. 4). However,
for g=2.5°, aripple appearedt 3166m/s(Fig. 5).

We think thatthe origin of this ripple is a spuriousreso-
nanceof the Rayleighwave. The Rayleighwave actsasa
spuriousmodefor edge-trafSAWSs. Reducingthe spurious
resonancef theRayleighwave requiressettingthe Al grat-
ing thickness—avelengthratio (h/Ao) to around0.125[1].
This conditionis suflicient whenthe SAW propagatiordi-
rectionis parallelto thex-axisof thesubstraterystal;how-
ever, whenthedirectionslightly differsfrom the x-axis, the
spurioussuppressiomffect is overcomeby the asymmetry
of the SAW velocity [4]. As aresult,spuriousresonances
of the Rayleighwave areobsened.

Basedon the simulationresults,we have concludedhat
the mechanisnof the ripple is asfollows. Fig. 6 shavs
the layoutof a diamond-shapetDT in theregion closeto
abusbar Fromthetip of anelectroddinger, SAWs areex-
citedin all directions.Amongtheexcited SAWs, somethat
propagaten a slightly differentdirection from the x-axis
causestandingwavesif the electrodefingersof the reflec-
torsarearrangedn thesamephaseasthegratingarea.This
situationis nearlythe sameasthe simulationconditionsfor
the spuriousresonancshavn in Fig. 5.

C. SpuriousSuppessionTechnique

To suppresshe spuriousresonanceausedy thereflec-
tors,we have designedanew IDT layout,shavn in Fig. 7.
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Fig. 4. Calculatedmpedancaespons®f infinite IDT (¢=10°).
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Fig.5. Calculatedmpedanceespons@f infinite IDT (p=2.5°).

Crossing
area

Crossing
area

Wﬁs’bﬁ/
2

\EatadH E g} Reflect
;;IV\(IB E a H erlector

gRY

FRERES

> X axis

ssssssgs_\—_ssss ES
‘\-6
N\

Fig. 6. Mechanisnof ripple appearance.
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Fig. 7. New layoutto suppressipple appearance.
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In this layout, the reflectorsareshiftedalongthe x-axis, so
straySAWs do not causestandingwaves.

We have fabricateda 200-MHz-bandSAW resonatous-
ing thislayoutandconfirmedthattheripple disappearedis
shavnin Fig. 8.
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Fig.8. Impedanceesponsef 200-MHz-bandSAW resonatowith shifted
reflectorlayout.

We have alsofabricatedl-GHz-bandSAW resonator$or
VCOs. Figure 9 shaws the impedanceresponseof a 1-
GHz-band,diamond-shapedyne-portSAW resonatoithat
useghespurioussuppressiotechnique Thisresonatohas
400-nm-thick Al electrodespairedon a 15° YX-LiNbO 3
substrate. The measuredmpedanceancludesaboutl nH
of parasiticinductancefrom the bondingwires. Single-
resonantesponsavasobsenedbetweer00MHz and1.1
GHz. The Q valueat f, wasabout210, andtherewasno
spuriousresonancéelow f;.

I1l. WIDE-BAND Low-NoOISE SAW-VCO
A. VCOCircuits

We have fabricatedwo typesof feedbackamplifiersince
this device is as importantas the resonatorin determin-
ing VCO noiseperformance.One consistedof a Si bipo-
lar junction transistor(Si-BJT), andthe otherwasa GaAs
metal-siliconfield-effect transistor(GaAs-MESFET).The
electricalcircuits for theseVCOs are shawvn in Figs. 10
and11. The Colpitts-typeoscillationcircuits consistef a
SAW resonatorexternalinductor, variable-capacitodiode,

feedbackcapacitoybuffer amplifier, andothercomponents.

They wereall integratedon glass-epoxyubstrates.

B. Oscillation Frequencyand Bandwidth

It was necessaryo optimize the constantsof the feed-
backcapacitorsthe extensioninductanceandmary other
componentsof each circuit individually, since the input
impedancesf thetwo transistorsarecompletelydifferent.

Fig. 12 shows the oscillation frequenciesof the SAW-
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Fig. 9. Impedanceesponsef 1-GHz-band diamond-shape@AW res-
onator

VCOs. Both the oscillation frequengy and the control-
voltage sensitvity were adjustedto be almostequal. We
achieved high control-wltagesensitvities of 6.9 %/V for
the SAW-VCO with the Si-BJT and 5.0 %/V for the one
with the GaAs-MESFET

C. PhaseNoisePerformance

The phasenoisedependencen offset frequeny (foff)
is shovn in Fig. 13. The phasenoiseat fq11=25 kHz
was -110 dBc/Hz for the Si-BJT VCO and-107 dBc/Hz
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Fig. 11. VCO circuit with GaAsSMESFET
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Fig. 12. Oscillationfrequeng vs. controlvoltage.

for the GaAs-MESFETVCO. Nearthe carrier frequeng,
the Si-BJT VCO showvedlower phasenoisethanthe GaAs-
MESFETVCO. At frequencies80 kHz or moreaway from
the carrier frequeng, however, this relationshipwas re-
versed.

Thesecharacteristiceanbe explainedby the difference
in the noisecharacteristicof the transistors. The phase-
noiseslopefor the GaAs-MESFETVCO nearthe carrier
frequeny was9 dB/octare. This 9-dB/octave slopederives
from the up-corverted1/f noiseat low frequeng. There-
fore, this property originatesfrom the fact that the low-
frequeng noise(1/f noise)of theGaAS-MESFET$s larger
thanthatof the Si-BJTs.

By comparisonat a frequeny 100 kHz away from the
carrier frequeng, both the Si-BJT and GaAs-MESFET
VCOs had 6-dB/octare slopesand the Si-BJT VCO had
lower phase-noise.Sincethe 6-dB/octave noiseis deter
mined by the flat noiseat low frequeng, this resultagree
with the fact that GaAs-MESFETshave smaller noise-
figure (NF) thanSi-BJTs.

IV. CONCLUSION
We have found a spuriousresonanceof the Rayleigh

wave in diamond-shapedtdge-trap-typ&SAW resonators.

This phenomenorhasnot beenobsened in corventional
IDT layoutshbut is inherentto diamond-shapetDTs. Op-
timizing thereflectorarrangemenis very effective for sup-
pressingthis spuriousresonanceWe have fabricated200-
MHz-band SAW resonatorsising this techniqueand con-
firmedits effectiveness.

We have alsofabricatedSAW-VCOs using 1-GHz-band
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Fig. 13. Phasenoisecharacteristicef 1-GHz-bandSAW-VCOs.

SAW resonators We comparedeedbackamplifiersbased
on Si-BJTsandGaAs-MESFETsThe SAW-VCO with the
Si-BJTshavedbetterphasenoiseperformanceéhantheone
with the GaAs-MESFETatfrequenciesearthecarrierfre-
queng, but the situationwas reversedat the frequencies
morethan30kHz away from the carrierfrequeng.

Theseresultssuggesthat we mustselecttransistorsor
VCOsmorecarefully. For example,a Si-BJTVCO is suit-
ableasa local-VCO (Lo-VCO) in cellular radio systems,
since a Lo-VCO requireshigh phasenoise performance
nearthe carrier frequeng. On the other hand, a GaAs-
MESFETVCO hasadwantagessa transmitterVCO (Tx-
VCO), which requireslow-noisepropertiesat frequencies
away from the carrierfrequeng.

REFERENCES

[1] A. Isobe,M. Hikita, K. Asai andA. Sumioka, "Grating-Mode-pe
Wide-BandSAW Resonator$or VCOs; 1998Proc. [IEEE Ultrason.
Symp.,1998.

[2] A. Isobe,M. Hikita, K. AsaiandA. Sumioka, "A Miniature High-
Q Grating-Mode-ype SAW Resonatorand A Wide-Band 1-GHz
SAW-VCO for Mobile Communication$,2000l[EEE MTT-SInt. Mi-
crowaveSympDig., pp.917-9202000.

[3] A.lIsobeM. Hikita andK. Asai, "PropagatiorCharacteristicsf Lon-
gitudinal Leaky SAW in Al-Grating Structur€, |EEE Trans.Ultra-
son.,Ferroelect. Freq.Contt, Vol. 46,No. 4, pp.849-855,1999.

[4] Ken-Ya Hasimoto,JuliusKoskelaandMartti M Salomaa,”FastDe-
terminationof Coupling-of-mode&arameter8asedon Strip Admit-
tanceApproach’, 1999Proc. IEEE Ultrason.Symp.,1999.

0-7803-6540-2/01/$10.00 (C) 2001 IEEE



	IMS 2001
	Return to Main Menu


