HAHOTEXHO/IONrMN. DNEKTPOHUKA

WOHHO-/TYYEBOW TPUMMMUHT B MPOU3BO/CTBE
YCTPOMCTB HA AKYCTUYECKMX BOJIHAX

ION BEAM TRIMMING IN MANUFACTURING

OF ACOUSTIC WAVE DEVICES

JI-p M.3erinep”, K.I'tongens®, T.[lyHrep*, M.Jlemmiep*, M. Hectiiep*
Dr. M.Zeuner*, K.Giindel*, T.Dunger*, M.Demmler*, M.Nestler*

B npousBoACTBE 3/1€KTPOHHbIX KOMMOHEHTOB Ansi MO6W/bHbIX CUCTEM CBSI3U Tpebyetca obecneyeHune
UCKJIIOYMTENIBHO BbICOKOM TOYHOCTM FeoMeTpuyeckux pasmepoB. B 4acTHocT, KayecTBo ¢GUAbLTPOB
Ha MOBEPXHOCTHbIX aKycTudeckux BosiHax (MAB) M o6beMHbIX akycTudeckux BonHax (OAB) 3aBucut
OT reoOMeTpuM CJI0eB U3 PasHbIX MATEPUAJIOB, MPUYEM MOrPELUHOCTU A0/DKHbI IEXaTb B CY6HAHOMETPOBOM
AnanasoHe. Mpouecchbl 0caxaeHUsi TOHKOMJIEHOUHbIX MOKPbITUM, UCMO/Ib3yeMble B MACCOBOM NMPOU3BOACTBE
NnoJiynpoBOAHUKOBbIX MPU60POB, He MOryT o6ecrne4YynTb TpebyeMoi TOYHOCTH, Clle,0BaTe/IbHO, He06X0AMMO
peLueHue A1 KOPPeKTUPOBKM pasMepoB MOKPbLITUI YXKe Nocsie UX HAHeCceHUs Ha nog ioxky [1, 2]. B cratbe
OMNUCbIBAETCs TEXHOJIOTUS, OTBeYatoLas ykasaHHbIM Tpe6oBaHUsM. [1719 KOPpeKTUPOBKU pa3MepoB C/1I0eB
ucnonbsyeTcss PpOKYCUMPOBAHHBIA MOHHBIW JIyd U cUCTEMa MnepemelleHns o6pabaTbiBaeMon MIACTUHbI.
KonnyectBo ypansemMoro MOHHbIM JIYYOM MaTepuana peryivpyercs nyTem yrnpasieHUss BpeMeHeMm
BO3,e/CTBUSA B KQXA0M TOUKE CKAHUPOBAHUS, YTO MO3BOJISIET NO/YYATb TPEGYEMYHO TOJILLUHY NOKPbITUS.
The manufacturing of devices for mobile communication technology demands an extremely high precision
regarding geometrical dimensions. In case of acoustic wave filters, surface acoustic wave (SAW) and bulk
acoustic wave (BAW) resonators, the quality depends a lot on the dimensions of several layers consisting of
different material, hence an adjustment regarding homogeneity in sub-nm range has to be guaranteed. Thin [
film deposition processes, used commonly in the industrial mass production in semiconductor industry, are
not able to reach these demanding requirements in order to achieve the necessary device quality. On account
of this a space-resolved correction of layer dimensions as a subsequent manufacturing step is mandatory [1, 2].
Within the article a technology of space-resolved correction of device wafer is described. The correction takes
place due to a focused broad ion beam and a movement of wafer in front of it. Hence the ion beam etches the
surface of the wafer and the modulated dwell time of the beam on a certain position of the wafer defines the
amount of ablated material in order to achieve the target geometry or thickness all over the wafer.

nocjeJHHUe TOAbl HOHHO-Jy4eBble TEXHOJIO-
ruU Bce 6o/ee MMUPOKO NPUMEHSIOTCS AJ1s 0bpa-
60TKHM MaTepHasoB B IIPOU3BOACTBE U HCCIeJ0Ba-
HHAX OINTHYECKUX U IIOJYIIPOBOJHHKOBBIX YCTPOUCTB.
Braromapst BBICOKOMY KauecTBY, CTabHUIBHOCTH M HEKO-
TOPBHIM CIel[u$HUIeCKUM 0CO6eHHOCTSIM HOHHO-Iyue-
BBIX TeXHOJIOTUH 0becrieurBaeTCs TOUHBIN KOHTPOJIb
pabourx mapaMeTpoB IIPOLECCOB IIPH IIPOCTPAHCTBEH-
HOM paspelleHUU, JOCTATOUHOM [/ yMeHbIIeHU S
OTKJIOHEHUH TeOMeTPUH [0 TpebyeMBbIX BeIHYHH [3].
[To3TOMY KOPPeKLIMK KPHUBH3HBI I0BEPXHOCTH HJIH TON-
IIMHBI MOT'YT BBIIIOJIHSATBCS C TOYHOCTBIO, HEIOCTHKU-
MOU IIPU IIPUMeHeHU U APYTUX TeXHOTIOTHH.
I[Ipu 06paboTKe MIACTHUH C PUIBTPAMU Ha IIOBEPX-
HOCTHBIX MM 00BbeMHBIX aKyCTHYeCKHX BOJIHAX

Pe€30HAHCHAA 9aCTOTa Ka’KA0ro yCTpOﬁCTBa JAOJI>DKHa
HaXOJAUThCS B IIpefiesiax OIlpe/le/IeHHOrO JUAIla30Ha.
B mocnenHue ronsl JaHHOe TpebOBaHHUE CTAHOBUTCS
Bce boslee TPyIHO BBIIIOJIHUMBIM, TaK KaK yBeIHde-
HIe CKOPOCTH Iepefjauy JaHHBIX 00yCIaBINBaeT CysKe-
HHe I10JIOCHI YaCTOT. DTO 03Ha4aeT, YTO OTKJIOHeHU S
TOJIIIHUHBI ITbE303JIEKTPHUYECKOTO Pe30HAHCHOI'0 C/104
Y 371eKTPOJHOr0 MaTepHasa BceX YyCTPOHCTB, pa3Me-
IIeHHBIX Ha IUIACTHHE, He JO/KHBL IIPeBhIIIaTh CybHa-
HOMETPOBBIX BeJIMUMH. [IOMHMMO [OIIYCKOB, CBSI3aHHBIX
C IIPOU3BOACTBEHHBIMHU IIPOLIECCAMH, CIeyeT YUYUThI-
BaTb BO3MOKHOCTb OTKJIOHEHH S YaCTOThI pe30HaTopa
BCJIe[ICTBHE TeMIlepaTypHoro aAperda. Takum obpa-
30M, UeM y3Ke JIOIYCTHMas [10JI0Ca YacToT, TeM borbliiee
YHC/I0 GUIBTPOB TPeOYIOT KOPPEKLIMH C IIPUMeHeHHeM

scia Systems GmbH

HAHO MHOVCTPUA #3/57/2015




HOHHO-Iy4eBOM TeXHOJIOTHH, a TaKKe CIlel[Ha/lbHON
TeMIIepaTyPHOH KOMIIeHCAlIUH.

B obmiem cydae, KOPPeKIIHS TONIIHUHBL C/I0ST MOXKET
OBITH peann30BaHA IIyTeM PeryJlHpOBaHHUS SHEPTUHU
HIOHOB K HOHHOTI'0 TOKa HJ/IH YIIpaBJIeHH s BpeMeHeM B03-
JEeNCTBUS IPH MOLYJISILIMHI CKOPOCTH.

NMPUHLUMbI KOPPEKLIUW TOJILLUHDBI MIEHOK
ITpesiBapyTeIbHOE H3MepeHHe I1e/IeBOk XapaKTePUCTHUKH,
HaIlpUMep Pe30HaHCHOM YaCTOTHI QU/IBTPA Ha aKyCTHYe-
CKHUX BOJIHAX, II03BOJISIET CO3AATh KApTy PacIIpefie/IeHUs
3HaueHMH, KOTOPast CIY>KUT UCXOLHON HHOpMaLiel
JJ1s1 KOPPeKLIMH. YUUTBIBAs Pa3Mep IISITHA HOHHOIO Iy4a,
METOJIOM UTePAaTHUBHOMN 0OPAaTHOM CBEPTKHU PACCUUTHI-
BaeTCsI BpeMsi BO3J,eHCTBU . Pa3Mep ISITHA HOHHOTO Ty4a
KaaubpyeTcs ISt KaKAOr0 MaTeprasa. BeICOKOTOUHAs
1 BBICOKOCKOPOCTHASI CHCTeMa IO3HUI[MOHUPOBaHUS 0be-
CIleynBaeT CKAHUPOBaHUE B COOTBETCTBUHU C PAcCUU-
TaHHBIM MapLIPyTOM [BI>KEHHSI MOHHOIO J1y4a OTHOCH-
TeJIbHO IUIACTHHBIL. [IJaHHAasI TeXHOJIOT K II0/TyIH/Ia Ha3Ba-
HUe "HOHHO-Ty4eBOro TPUMMHUHTA' (puc.1).

B TexHOJIOTHYeCKOM yCTAaHOBKe [/ MOHHO-Iyde-
BOTrO TPUMMHMHTA scia Trim 200 KCIIoIb3yeTcs yIIpaBiie-
HHe BpeMeHeM BO3JeHCTBH A [P IIOCTOSIHHOM pa3Mepe
IISITHA MOHHOIO JIy4a.

NANOTECHNOLOGIES. ELECTRONICS

Puc.1. MpuHyunuanbHas cxema UOHHO-Ny4e6020 MpUMMUH2Q
Fig.1. Principle of ion beam trimming

OBbOPYIOBAHUE A/19 KOPPEKLIMW TOJLLWHDI MJIEHOK
CucreMma scia Trim 200 mpepHa3HaveHa A1 paboThl
C IUIACTUHAMU guaMeTpoM 1o 200 mM. [Iy1g mogavyu
IIJIACTHHBI K3 KaCCEThI HCIIO/Ib3YEeTCHI pO6OT, coeqrHeH-
HBIM C CHCTeMON ITpeJJBapUTEeTbHOIO BbIPAaBHUBAHUS
Y YCTPOMCTBOM MAEHTUPUKALUU. [Ioc/ie BbIpaBHUBA-
HUS U UIeHTUOHUKAIIUY IUIACTHHA ITofaeTcs B pabo-
YyI0 KaMepy, I[ie PacIO0KeHbl HOHHBIN UCTOYHHUK
Y CHCTeMa II03U 1 HOHHUPOBAaHHUS (PUC.2).

[ xopollel IIPOX3BOAHUTENIBHOCTU BaXKHO BBICO-
Koe OBICTPOJeHCTBHE MeXaHH3Ma 103U LIMOHUPOBAHU S

ithin the last years ion beam
technologies got a strong
increase of importance for
material processing in optics and
semiconductor industry and research.

Due to the high quality, stability
and certain specific process features
of the ion beam technology an exact
controlling of the working parame-
ter during processes enables a space-
resolved etching of an error function
down to the required geometrical
dimension [3].

Hence surfaces curvatures or thick-
ness corrections can be realized with
precision, which cannot be achieved
by other process technologies.

In case of SAW and BAW device
wafers the center frequency of each
device/resonator has to be within
a specified range. During that last
years, those specifications become
tighter due the need to increase the
data transmission rate which results
more and narrower frequency bands.

This means that also the thick-
ness of the piezoelectric resonance
layer and of the electrode material
of all devices, distributed over the
wafer, has to meet the specification
within a deviation in sub-nm range.
Additionally to the variation of device
properties due to the production pro-
cess, resonator frequencies could be
out of spec due to temperature drifts.
Hence as narrower the specifications
for the frequency bands are, as more
filters need to manufactures using
ion trimming technologies and spe-
cial temperature compensation.

In general, the film thickness
trimming could be realized by vary-
ing ion energy and ion current or
by dwell time respectively velocity
modulation.

PRINCIPLE OF CORRECTION
TECHNOLOGY

Due to a pre-measurement of the
target specification parameter, for

example resonance frequency of the
acoustic wave filters, a distribution
mapping is generated as starting
point. Together with the knowledge
of the ion beam footprint the dwell
time profile is calculated via itera-
tive deconvolution. The ion beam
footprint has to be calibrated on each
material. A high precision and high
performance axis system imple-
ments the scanning with the cal-
culated movement profile of the ion
beam in respect to the device wafer
stage. The technology is referred to as
ion beam trimming. (fig.1) The scia
Trim 200 used a constant beam pro-
file during the complete process. The
trimming is realized by dwell time
modulation.

EQUIPMENT FOR FILM THICKNESS
CORRECTION

The scia Trim 200 system is designed
for thickness correction of wafers
with a diameter up to 200 mm.
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Puc.2. Cxema ycmaHosku scia Trim 200 ¢ negbiM pacnonoxe-
Huem paboyel Kamepbl U NpasblM pacnoAoKeHuem cucmemsl
3a2py3Ku nAacmuH

Fig.2: Layout of scia Trim 200 with left side process chamber and
right side handling unit

no ocu X. ITo ocu Y BBIIIONHSETCS "KagpoBas pas-
BepTKa', a peryJTHpoBaHMe HaKJIOHA CITYKUT [J151 FOCTH-
POBKH yrna ITageHus HOHHOI O nyqa Ha ITOBEPXHOCTb
IUTACTHHBL. B 11e710M, crcTeMa obecIiedrBaeT BHICOKYIO
cTerieHb CBOOO/IbI yCTAHOBKHU IIACTUHBL,

[InacTuHA GUKCUPYETCS B AepsKaTese MeXaHHUe-
CKHM 325K MHBIM KOJIBLIOM, Ha IeP>KaTele yCTAHOBIeH
37IeKTPOJ CUCTEMBI BBIPABHUBAHUS, CNIYSKALIUM [J15
npodUINPOBAHHUS MOHHOIO y4a. B mpouecce obpa-
BOTKH IJIACTUHA OXJIAK/AAeTCsI C 06PATHOM CTOPOHBI
renveM. DPdeKTUBHOe OXJIakKIeHHe HeobXoLHuMO
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IJIsl IIpefOTBpAalleHHUs Lerpajganuu Gporopeswu-

CTa ¥ IOBpeKJeHM S UyBCTBUTEIbHBIX MaTepHUaJIOB,
HaIlpuMep KBaplia U HHobaTa TUTHS, IPUMeHIeMBIX
B punpTpax Ha IIAB.

VOHHBIM UCTOYHUK, CHA63KeHHBIN HEUTPAIN3aTO-
POM AJ151 IpeAOTBPAlleHHU S 3apsiIKU [TOBEPXHOCTH I1J1a-
CTHHBI, YCTAHOBJIEH B KYyI101000pa3HOI YacTHU pabo-
el KaMephl, U IIOABHYKEH I10 OCH Z [1/1s1 per'yIHUPOBKH
doxyca. TexXHOMOTMYECKHMM Ia30M, KaK IIPaBHUJIO CIIy-
SKUT aproH, HO TaK>Ke MOT'yT MCII0/Ib30BaThCSI KPUIITOH,
KHCJIOPOJ, U fipyrue rasel. oKycHpoBKa HOHHOIO J1y4a,
KOTOPBIM MMeeT rayCcCcoBO paclipefe/leHHe SHEPIuH,
B IISITHO [MAMEeTPOM OT 3 10 6 MM BBIIIOITHSIETCSI CHCTe-
MOH K3 TpeX IPadUTOBBIX HUIK MOTUOIEHOBBIX KOJIbLIe-
BBIX 3JIEMEHTOB.

BcTpoeHHOe mporpaMMHoOe obecrieyeHHe PacCYu-
ThIBaeT MaTPHLy BpeMeH BO3[eHCTBUSA MOHHOTO
Jyda U KOHTPOJHMPYeT BCe MapaMeTpEHl Ipoliecca,
obecrieunBasi 06paboTKy MJIACTUH B aBTOMAaTHYe-
CKOM pexkuMe. PacueT BpeMeH BO3/IeHCTBHS HUOH-
HOTO Jiy4da BBIIIOJIHSIETCS HelOCPeACTBEHHO Iepef
HayaJoM o6paboTKHU IIAaCTHUHBI. PacmIMpeHHBIe
GyHKI MU OPOTOKOJIHPOBAHUS U TaKHe HHTep-
dericol, Kak SECS/GEM, MO3BONSIOT UCIIONB30BATh
obopynoBaHHe B KPYIIHOCEPUHNHOM U MaCCOBOM
IIPOU3BOACTBE.

KOPPEKLIS YACTOT ®MNIbTPOB HA MAB

®uinbTpel Ha ITAB COCTOSAT U3 MOAJIOKKH — IIpeLu-
3MOHHO OPHEHTHUPOBAHHOTO IIhE303/IEKTPUYECKOTO
KpHCTa/l/Ia U3 KBaplia, TaHTanaTa JUTUs LiTaO; unu
Huobara nutus LiNbO; - 1 IBYX pacIoIOKeHHBIX

The wafer transfer is done by a 4
port handling robot connected to
wafer cassette load-lock and a pre-
aligning system with an ID reader.
After alignment and determina-
tion of the wafer number, the wafer
is handled into the process chamber
with the ion beam source and axis
system (fig.2). For the trimming pro-
cess an X-axis with high performance
is essential, because this axis controls
the velocity profile of the ion beam.
Together with the Y-axis for the line
feed and tilt axis for wafer trans-
fer and ion incident angle adjust-
ment, the axis system enables a high
degrees of freedom for the wafer stage
movement. The wafer stage consist
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of the wafer chuck for accommoda-
tion of wafer via mechanical clamp-
ing ring and an alignment electrode
for ion beam profile measurement.
A Helium backside thermal contact
realizes cooling of the wafer during
process. A good cooling during pro-
cess is essential to avoid any photo
resist degradation or wafer break-
age of sensitive materials used for
SAW devices like Quartz or Lithium
Niobate.

The ion beam source with the neu-
tralizer for avoidance of wafer surface
charging are mounted in the dome-
shaped part of the process chamber
on a Z-axis for focus adjustment. The
common process gas is argon, but

also other gases for example krypton
and oxygen can be used. The focus-
ing of the Gaussian-like ion beam to
a diameter 3-6 mm (standard devia-
tion) is realized by a curved 3-gird sys-
tem, which consists of graphite or
molybdenum.

The internal system software cal-
culates the dwell time mapping,
controls all process parameters and
hence realizes the correction pro-
cess completely automatically. The
dwell time calculation is performed
directly before processing of each
wafer. Advanced logging features and
interfaces like SECS/GEM make the
tool highly suitable for high volume
production.




CBepXy BCTPeYHO-IITHIPEBBIX Ipeobpa3oBaTenel
(BIIIII). BIIII mpeobpasyeT 3/ieKTpHUUeCcKHe CUTHABI
B MeXaHH4YeCKHe BOJHEBL 61aromaps ABYyM COeqH-
HeHHBIM JPYT C APyroM rpebeHYaTHIM 371eKTPoJaM
(puc.3). Hampsi>keHHe MeX/y 3/1eKTPOJaMHU IIPUBOAUT
K JebopMaliMH [Ibe303/IeKTPUYECKOTr0 MaTepuana,
KOTOPBIK FeHepUPyeT aKyCTH4YeCKHe BOJIHBI, PacIIpo-
CTpaHsAIOIIMeCcs Ha ero IOBepXHOCTH. IIpu pesoHaHce
BTOpou BIIII mpeobpa3syer ITIAB 06paTHO B 3/1eKTpHU-
YeCKMM CHUTHajI. Pe30HAHCHAs 4acToTa M IIMPHHA
II0JIOCHI 3aBUCAT OT AJIMHBI, IIUPHUHBI, I10JIOKEHU S
M Maccer BIIII.

B HekoTophIX pUAbTpax Ha ITAB IpesycMOTpeH cIie-
LIMaJIbHBIM CJIOH [J151 TeMIIepaTypHOLK KOMIIEHCALlUU
C LIeJIBIO ITPeIOTBPAIeHH A CABUTa YaCTOTHI IIPH U3Me-
HeHHHU TeMIepaTypbl. OBBIUHO IPUMEHSeTCS THOK-
CHJI KPEMHHU S, TaK KaK [IJIL HEro 3aBUCHUMOCTh MOIYJIS
IOHTa OT TeMIlepaTypsl 06paTHA TAKOBOM I/ I1be30-
3/IeKTPHYeCcKOH IIOAJIOKKH. YCTaHOBKa scia Trim 200
[103BOJISIeT TOYHO OTPEryJIMpoBaTh YaCTOTY pe30HaHca
I7151 Ka>KJ0T0 PACIIONIOKeHHOI0 Ha IIJIACTHHe YCTPOM-
cTBa. [IpocTpaHCTBeHHOE paspelleHre HOHHOrO iydya
JaeT BO3MOKHOCTh OYeHb TOUHO KOPPEKTHPOBATh TOJI-
IUHY c1ost Si0,, peryaupyst TaKUM obpa3oM Maccy
pe3oHaTopa U rony4asi TpebyeMoe 3HaUeHHe YaCTOTHL.

[IpuMep KoppeKIHHU GUIbTPOB Ha IIAB Ha mia-
cTuHe nuaMmeTpom 100 MM mpeacTaB/ieH Ha puc.4.
B xayecTBe MCXOMHBIX JaHHBIX UCII0/Ib30BaIUCh 3HA-
YeHM S Pe30HAHCHOM YacCTOTHI 11 KasKJ,0ro GUILTPA.
ITocne xoppeKkLUU c10s SiO, CTaHIapTHOE OTKJIOHe-
HHe YMeHbIIHI0Ch ¢ 15,3 1o 0,5 MI'1L, To ecTh bosee
yeM B 30 pas.

NANOTECHNOLOGIES. ELECTRONICS

Metann Mbe3okpuctani
Metal Piezo crystall

Puc.3. MpuHyunuanbHas cxema ¢uabmpa Ha MNAB
Fig.3. Principle of a SAW device

KOPPEKLINA YACTOT ®U/IbTPOB HA OAB

IIpu co3maHUM BBICOKOYACTOTHBIX QUIBTPOB I/I4
cucTeM MOOGUIBHOM CBsI3u GUAbTPhI HA OAB Bce yarie
3aMeHAI0T aHasoru Ha [IAB. Mcrons3oBanue OAB
obecrieqrBaeT IIpeUMyIlecTBa IPU YaCTOTAX BBILIE
2,4 I'Tu. ®unstpel Ha OAB XapaKTepHU3yIOTCS KOM-
[MaKTHOCTbIO U IPOU3BOAUTEIBHOCTBIO, KPOMeE TOrO,
B IIOC/IeIHHE TOABI YAAI0Ch JOOUTHCS CHUKeHHU S UX
cebeCTOMMOCTH.

B ¢unrrpe Ha OAB HMCIONB3yeTCSd Mbe303JIeK-
TpUYecKkas IIJIeHKa, KaK [IPaBHJIO MU3TOTOBJIEH-
Hasg U3 HUTPHUA aJIIOMUHUS, KOTOpas coeJHUHeHa
C ABYMS 371eKTpofaMu (puc.5). [lyisl oydyeHHUs aKy-
CTHYEeCKOT0 pe30HaTopa TOMIIMHA [I1be303IeKTpHuYe-
CKOM IJIEHKH J0J/I)KHA PAaBHATHCS I10JIOBUHE [JIHHBI
NPO/IOIPHOM aKyCTHYeCKOM BONHBI. TakuM obpa-
30M, ee TOJIN[MHA OIlpe/e/sgeTcss CKOPOCThIO 3ByKa
B I1b€303JIeKTPHKe U HeobX0qUMOI pe30HaHCHOM
YaCTOTOM.

FREQUENCY CORRECTION OF
SURFACE ACOUSTIC WAVE DEVICES
SAW filters consist of one precisely
oriented piezoelectric crystal as sub-
strate like Quartz, Lithium Tantalate
(LiTaO;) and Lithium Niobate (LiNbO;,)
and two interdigital transducers
(IDT) on top. IDTs convert electrical
signals to a mechanical wave due to
two interlocking comb-shaped elec-
trodes (finger electrode pairs) which
are applied to a piezoelectric substrate
(fig.3). A voltage between the elec-
trodes result in a deformation of the
piezoelectric material that generates
acoustic waves propagating on the
piezoelectric material surface. After
resonating the other IDT transform

the SAW back to an electrical signal.
The resonant frequency and band-
width can be adjusted by length,
width, position and mass of the IDT.

A lot of SAW devices are using a
special temperature compensation
layer to avoid any frequency shift due
to temperature change. Commonly
silicon dioxide is used because the
change of the youngs module with
temperature is inverse to the sub-
strate. With the scia Trim 200 the res-
onance frequency of each device can
be adjusted. Due to the space-resolved
ion beam etching of the SiO, layer the
right mass of the resonator structure
and hence the target frequency can be
reached.

As example for SAW device qual-
ity enhancement fig.4 shows pre and
post frequency results of a SiO, tem-
perature compensation film of a 100
mm wafer. The measurement of the
center frequency of each device has
been used as input data. The stan-
dard deviation is reduced from 15,3
MHz to 0,5 MHz, which results in an
improvement factor of over 30.

FREQUENCY CORRECTION OF BULK
ACOUSTIC WAVE DEVICES

High frequency filters in mobile com-
munication increasingly apply the
BAW principle rather than the SAW
principle. BAW becomes advanta-
geous against SAW for frequencies
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Puc.4. Koppekuus puabmpos Ha MAB Ha naacmuHe duamempom 100 mm ¢ nomMouw,bko ycmaHosKu scia Trim 200 obecne4yuaa

yMeHblweHue CmaHdapmHo20 omkAoHeHus ¢ 15,3 do 0,5 My,

Fig.4. Pre and post frequency trimming results of a SiO2 temperature compensation film of a 100 mm wafer by scia Trim 200. Pre stan-

dard deviation - 15.3 MHz, post standard deviation - 0.5 MHz

J1s1 aKyCTHUeCKOM U301 MU Pe30HaTopa OT MO~
JIOKKHM IIPUMEHSIOTCS 1Ba BUJA PellleHUH. B peso-
HaTope FBAR-THIIa MeXXAy IOJJIOKKON K Pe30HaTO-
POM IIpelycMOTpeHa I0/I0CTh, a B SMR-THUIIe (pHc.5)
KCIIOJIb3YeTCsl aKyCTHYeCKoe 3epKaJjlo, CoCTosllee
W3 YepefyIoI KX s IVIEHOK C BBICOKUM U HU3KHUM aKy-
CTUYeCKUM COIpOTHBAeHHeM. TakKhe MaTepHabl,
KaK JUOKCHJ, KPeMHHS U BOJbPpaM, IIO3BOJISIOT
OOOUTHCS XOpoLIer HM30JASLHUU IPH HebOJbIIOM
yucie ciaoeB. YacToTa uabrpa Ha OAB perynupyercs
JOIIOJIHHMTEe/bHOM MacCOH Ha BepxHeM 3J1eKTpofe,
HaIlpuMep, U3 HUTPHUA KPeMHHUS.

K TOUHOCTH IapaMeTPOB Ka>kK/JO0ro C/I0sl, 0CO6eHHO
[1be303/IeKTPUYECKOU [JIEHKH U3 HUTPU/IA a/TIOMH-
HUS, IPebSIBASIOTCS OUeHb BEICOKHE TpeboBaHMU .
OTK/IOHeHHe OT TpebyeMor BeTMUMHEI Bcero Ha 0,5%
IIPUBOJUT K YMEHBUICHHU IO BBIX0/ A FOJHBIX YyCTPOKCTB
Ha HeCKOJIbKO [IeCSITKOB IIPOLIeHTOB. Mconb3oBaHHe
MOHHO-JIy4eBOU KOPPeKIMHU I103BOJISIeT YIYUIIHUTh
IIOBTOPSIeMOCTb XapaKTepUCTUK B 10-40 pas (puc.6).
bnaromapsa 3TOMY BBEIXOJ] TOMHBIX YCTPOMCTB MOXKET
IIPEeBBICUTH 90%.

BrlpaBHHMBaHHe TONIIHHBL I/IEHKH U3 HUTPHIA
anloMUHUS - Haubonee 3 PeKTUBHEIN CIOCOb

PerynnMpoBoYHbIN N
nacCyBUpYIOLLMI COK
Tuning / Passivation

BepxHuit 3n1ekTpos,
Top electrode

Piezoelectric material

HWXHWI 3nekTpog,
Bottom Electrode

Moanoxka
Substrate

Mbe303/eKTpUYecknin MaTepman

MAeHKM aKyCTUYeCKOr 0 3epkasa
Films of high and low acoustic impedance

above 2,4 GHz. The devices are very
small and have a very good perfor-
mance at the same time. Also the pro-
ductions costs have been reduced over
the last years.

A BAW filter uses a piezoelec-
tric film commonly made of alumi-
num nitride, which is contacted by
two electrodes (fig.5). To generate an
acoustic resonator, the thickness of
the piezoelectric film has to match to
A/2 of the wavelength of the longitu-
dinal acoustic wave. Means the thick-
ness is defined by the acoustic veloc-
ity of the piezo material and the tar-

Puc.5. MpuHuunuanbHas cxema puabmpa Ha OAB SMR-muna
Fig.5. Principle of a BAW (SMR) device
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get resonance frequency.
Additionally the resonator needs
to be acoustically isolated from
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Puc.6. KoppeKuus moAwUHbl NAGHKU U3 HUMpUOd dAloMUHUS HA nadcmuHe duamempom 150 MM C NOMOULbIO YCMAHOB8KU
scia Trim 200 no380AUAG YMeHbW UMb CMAHAAapmMHoe omKAOHeHue ¢ 13,3 00 0,3 Hm.
Fig. 6. Pre and post thickness trimming results of a AIN film on a 150 mm wafer by scia Trim 200, pre standard deviation: 13.3 nm,

post standard deviation: 0.3 nm

KOPPeKLMH, TaK KaK 3Ta XapaKTePUCTHKA Oollpeje-
JIgeT 4YacTOTy pe3oHaHca. [lOIOMTHUTEe/IbHAS pery-
JTMPOBKA BO3MOKHA IIyTeM M3MeHEHM I MAaCChl FeHe-
paTopa. Koppekius aKyCTHYeCKOIo 3epKajia TaKKe
[103BOJIIeT ONTHMMH3UPOBATh XapaKTepPUCTUKH
GUIBTPOB.

BbIBO/Lbl

TexHomnorus scia Trim obecredrBaeT KOPPeKTHPOBKY
Pe30HaHCHOM 4acTOThl GUILTPOB Ha IIAB u OAB,
[I03BOJISISL YBEJIUUYUTD BBIXOJ TOLHBIX YCTPOHCTB
C HeCKOJIbBKUX JIeCsITKOB IIPOLIeHTOB 0 boee yeM

90% B yCIOBUAX IMPOMBIIIJIEHHOIO MaCCOBOTO IIPO-
M3BOACTBA. be3 MCII01b30BAaHUA HOHHO-JIY4e€BOTO
TPUMMHUHTA 5O PeKTUBHEIK BBIIYCK IPOMBIIIJIEH-
HBIX 00b€MOB YaCTOTHBIX QUIBTPOB AJISI MOOUIBHBIX
CHCTeM CBSI3H HeBO3MOXKeH.
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the substrate. There are two dif-
ferent types. Free Bulk Acoustic
Resonator (FBAR) devices use a
cavity between substrate and
resonator. The Solidly Mounted
Resonators (SMR), which are
shown in fig.5, use an acoustic
mirror to achieve an isolation from
the substrate. The acoustic mirror
is made of alternating A/4 films
with high and low acoustic imped-
ance. With typical materials like
silicon dioxide and tungsten, a few
layers only are needed to achieve a
very good isolation.

The final frequency of each
device is adjusted by an additional
mass load on top, which is deposit

on the top electrode, e.g. silicon
nitride.

The requirements for the layer
uniformity of each material, espe-
cially the AIN piezo layer, are very
high. Realistic deposition homo-
geneity deviations of 0,5% lead to
the final device yield of few ten per-
cent only. By using additional tun-
ing steps, the ion beam trimming,
the layer homogeneities can typi-
cally be improved by factor of 10 to
40 (fig.6). Thus, final device yields
of more than 90 % can be achieved.

Thickness adjustments of the
AIN piezo layer are most impor-
tant, because its thickness directly
defines the resonance frequency.

The frequency is additionally influ-
enced by the mass load of the oscil-
lator. Thus, mass load trimming
helps to further improve yield. By
trimming the acoustic mirror lay-
ers, additional quality factors of the
RF device can be optimized.

SUMMARY

The scia Trim technology enables a
frequency adaptation of SAW and
BAW devices on a wafer in order to
increase the device yield from several
10% to over 90% in industrial mass
production. Without ion beam trim-
ming a cost effective mass production
of frequency filter for mobile commu-
nication is not possible. [ |
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