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B paGote paccMaTpuBaroTCsl pe3yJIbTaThl MCCIECTOBAHMI MEXaHUYECKUX HAIIPSKEHUI, BOSHUKAIOIINX B YYBCTBUTEITLHOM dJIEMEHTE
(UD) npu ero MoHTaxe B Kopryc. OcCyIIecTBIsIeTCsSs TTOUCK KOHCTPYKIIMU OMOPHOTO KPHMCTAJUIAa, KOTOPBINA MPU TeMIepaTypHbIX
M3MEHEHMSIX TI03BOJISIET MUHUMU3MPOBATh MEXaHMUECKUE HATIPSDKeHMsI, 00ecTieunBas MeXaHMUEeCKyIo pa3Bs3Ky Mexmy camum YD
U KOPITyCOM TIprbopa.

Karouesvie crosa: uyscmeumenwvuulii snemenm,; mukpodrekmpomexanudeckue cucmemvt (MIMC); muxpocucmemunas mexnuxa (MCT);
ONOPHBLI KPUCANL; MUKPOOAMUUK 0A8ACHUSL.

The study highlights the results of mechanical stresses occurred in a sensitive element (SE) under package, as well as mechanical
stresses effect on output characteristics based on an exemplary pressure microsensor (PMS). The paper gives data on digital simulation
of SE chip strain caused by thermal expansion — compression at packaging SE chip in the support chip-package system. A search has
been performed for a support chip structure which makes it possible to reduce mechanical stresses under temperature variations and
to assure mechanical decoupling between SE itself and the device package.

Keywords: sensitive element; microelectromechanical systems (MEMS); microsystem technology (MST); support chip; microaccelerometer;

pressure microsensor.

BBEAEHUE

Ha mpoTsiskeHUM MHOTUX JIET 0c000e BHUMAaHUe yIesieTcsl onepa-
WU TI0 KOPITYCUPOBaHUIO YD MUKPOIJIEKTPOMEXaHUUECKUX CUCTEM
(MBMC) BBUAY BaXHOM poJiM, KOTOPYIO OHA UTPaeT B KOHEYHBIX
nmapameTpax rotoBoro npub6opa [1]. Cpenu MHOTUX TTPEAT0XKEHHBIX
KOHUEIMIIM 1 1o pa3Bsi3Ke MepBUYHOTO NpeobpasoBatess uiu YD Hau-
6oJiee yCTOMYMBBIE PELICHM S [TOJY4YUJIO HAallpaBJieHK e, COTJIAaCHO KOTO-
pomy ynakoBka YD MoxeT ObITh BbITIOJIHEHA ropasio 3 deKTruBHEE,
eciin TpebyeMble mapaMeTphl M0 MEXaHMYECKOi pa3Bsi3Ke yXKe 3aJ10-
>KEHBI B KDEMHUEBOM ITPOMEXYTOYHOM CJI0€ UJTU OTIOPHOM KPUCTAJLIIE.
OnHo M3 TaKUX PYHKIIMI OMIOPHOTO KPUCTAJLIIA SIBISIETCSI MUHUMU-
3alMsI MEXaHUYeCKUX HATIPSIKeHU 1, BOSHUKAIONINX, HATIPUMED, KaK
ClIeICTBUE TEPMUUECKOTO JIMHEIHOTO PaCIIMPEHU ST OCHOBAHU S KOP-

myca mpubopa, Ha KOTOpOM ycTaHOBJIeH UD.

Ha ceromHsimHmMii [eHb CyIECTBYIOT HECKOJIBKO (DYHIaMEHTATb-
HBIX HaTlpaBJIEHU# B 001acT MUKpocucTteMHou TexHuku (MCT),
HanboJiee YyBCTBUTEIBHBIX K MpobJieMaM KoprycupoBaHus. OmHO
13 TAKUX HATIPABJICHU BKJIOYAET B ce0s MHTErpaibHbIe Tpeodpa3o-
BaTeU AaBJICHW s, IPUHIIUI PAOOTHI KOTOPBIX B psifie caydaeB 0a3u-
pyeTcst Ha TeH30pe3ucTuBHOM 3 dekTe. Mcronb3oBaHWe TaHHOTO
3 dekTa Kak OCHOBHOTO NMpUHIIMIIA pabOThI MpeodpazoBaTess Moay-
YUJIO IIMPOKOE pacnpocTpaHeHue 61aronapsi OTHOCUTEIbHO BbICO-
KO TOYHOCTHU M3MEPsIEeMbIX XxapakTepucTuk YD [2] u npocToTe KOH-
CTPYKLIMH, B KOTOPOIl UCIIONB3YIOTCSI TEH30PE3UCTOPBI. OLHAKO s
(haKkTOpOB MOTYT YXYAIIATh BEIXOAHBIEC XapaKTepucTuku. Hanboee
OCTPO OOCTOSIT Niejila C MeXaHUYeCKUMU HATPSIKEHUSIMU, KOTOPbIe
TIPUBHOCSIT CBOI BKJIaJ B 3aBUCUMOCTD BBIXOIIHOTO CUTHAJA OT MPU-
KJIaJIbIBAEMOTO BHEIITHETO IaBJICHU S cpeabl. BKIama oT MexaHUUeCKUX




HaTPSIKEHW I MOXET MPUBOJIUTH K CMEILIEHUTO U Ipeiidy HyJIs 3aBUCH-

MOCTH, TIOSIBIIEHUIO THCTEPE3Uca B paboueM IUKJIE, I3MEHEHUIO Bpe-
MEHHU OTKJMKA IIPU PE3KOM U3MEHEHU N TeMIepaTypbl. TakuM oOpa-
30M, AJs pazpaborku MJI/, o6namamoiiero BbiICOKOM TOYHOCTHIO,
TpeOyeTcsl, YTOOBI BCE COCTABISIONINE JIEMEHTHI IPOEKTUPYEMOTO
YD M/ 6114 coraacoBaHbl MeXy COO0M ¢ MUHMMAJbHBIM KOJIM-
YeCTBOM MEXaHMYECKUX HANPSIKEHU I Ha MepexoaHbIX HHTepdeiicax
B cucTteMe MeMOpaHa UD — Kopryc npubopa, uiu 1eiicTBue oTpuia-
TeJIbHBIX (PAKTOPOB MOXKHO OBIJIO OBl KOMIIEHCUPOBATh.

B nanHOit paboTe paccMaTpuBaeTCs 3a/1avya 1o MOMCKY ONTHUMalb-
HOI KOHCTPYKILIMK OTIOPHOI0 KpucTtajia. [IpoBoauTcs cpaBHUTEb-
HBII aHaJIN3 CPpeaU NIPUBEICHHBIX BAPUAHTOB T10 pa3Bs3Ke C KOPIY-
CcOM IIpudopa 1 MpeaiaraeTcs BApMaHT KOHCTPYKLIMU OTIOPHOTO KPH-
cTaJiia, KOTOPHIi ITO3BOJISIET COKPATUTH Tepeaavy mapasuTHBIX BO3-
neiictBuit Ha YD M1/l 1, TeM caMbIM, YMEHBIIUTh HEXeJaTeJbHbIC
COCTaBJISIIONIME B BHIXOAHOU XapaKTePUCTHKE.

TEOPETUYECKAS YACTbH

HecoMHeHHO, 4TO B 60pbh0e 32 MaKCUMaJIbHO JOCTUXKUMBII pe3yJib-
TaT MPOSIBISIIOTCS KaK MOJOXUTEIbHBIE, TAK U OTPUILATEIbHBIE CTO-
POHBI B pa3paboTKe KOHEYHOTO MPOoayKTa. ECIu MpUHSATH 32 OCHOB-
HOI mapaMeTp TOYHOCTh YD, TO BTOPBIM IO BaXHOCTU KPUTEPUEM
SIBJISICTCSI TIPOCTOTA B TEXHOJIOTUM €T0 U3roTOBNIeHUsI. [ToaTOMY manb-
Heiilllee pacCMOTpeHMe W BBIOOP OMOPHBIX KPUCTAIIOB KaK YacTU
YD cpenu HamboJiee pacnpoOCTpaHEHHBIX BUIOB BEJUCh HA OCHOBE
3TUX OBYX KpuTepueB. KOHCTPpYKIMS MOAAEPKMBAOIIETO KPU-
cTajia [0JKHa 00eceYnBaTh MUHUMAJIbHBI BKJIA[ OT HEXeIaTeIb-
HBIX COCTABJISIIONIMX B BBIXOAHO CUTHAJ, U CAM OMOPHBIN KPUCTAILIT
MOKHO U3rOTOBUTbH B €IMHOM LIMKJIE HA 6a3¢e TEXHOJIOTUYECKOW TUHU U
MUKPO3JIEKTPOHHBIX YCTPONCTB.

MuUKPOCHUCTEMBI

Hawubonbiyio momynsipHOCTh cpeiv CPAaBHUTEIBHO Hegoporux YD
M/ nonyunsia MexaHU4YecKas pa3Bsizka ¢ KOPITYCOM B BUIIE MACCUBHOTO
OMOPHOTO KPUCTAJLJIA, BICOTa KOTOPOTO B HECKOJIBKO pa3 MPeBbILIAeT
ToIMHY KpucTasia Y9, (monens I, mokazaHa Ha puc. la) [3], nau tTakoro
K€ OCHOBaHMUS, HO YK€ 3aKPernJeHHOro Ha KepaMUuecKoil Tpyoouke
(momenn I, mokazaHa Ha puc. 16). YcraHoBka MemOpaHbl YD mogoOHbIM
00pa3oM B MEPBOM MPUOIMKEHU U TTO3BOJISIET YACTUYHO CHSITh MEXaHU-
YyecKue HanpsiKeHUsl, CBSI3aHHbIe ¢ KoprycupoBaHnueM YD.

MonTax meMOpaHbl YD Ha onopHbIii KpucTasn (Moaensb [ u IT) ocy-
LIECTBJISIETCS MYTEeM CKJIeUBaHUs, naiiku u jeruposaHus [1]. Hapsany
C pa3JIMYHBIMU crloco6amMu HauboJiee 4acTo ONMOPHBIN KPUCTAJII TUTIA
Moze iy | TToyJaloT Mpyu MOMOIIM 3JIEKTPOCTUMYJIUPOBAHHOTO (AaHOM-
HOTO) COEIMHEHU ST HECKOJBKUX IJIACTUH KPEMHUS U OOPOCUITMKATHBIX
CTEKOJI, KOTOPHIE, B CBOIO OUepelb, 00BEAMHSIOT ¢ KpucTaiom YD [4].
OnHako MexaHUYecKas pa3Bsizka TAKOTO BUIa B TEXHOJIOTUYECKOM KITIOUe
He Bceraa sBisieTcs 3(pdeKTUBHOI 1 onpaBIaHHON M3-3a BO3pacTalo-
1Ero KOJIMYecTBa Onepaluii U UCIOIb3yeMOro 060py10BaHUsI IO CpaBHE-
HMIO C IIMKJIOM 00pabOTKM CTaHAaPTHOI KpeMHUEeBO# miaacTuHbI. K Tomy
Ke, CYLECTBEHHbIM HEOCTaTKOM 3TON KOHLEMLUHU sIBJIsieTcsl TpeboBa-
HUe, YTO Bce BxoAsiuue B YD U OMOpHbIIl KPUCTAJLI CIOU JOJXKHBI UMETh
CoIIacoBaHME MEX Y TENJIOBBIMU KoadduuueHTamu pacuimperus (TKP)
Mmarepuasa. [Ipu 3ToM oneparyisi aHOIHOTO COeIMHEHUsI ABYX KPUCTAJIIOB
TIPUBOIUT K TIPEIHATIPSIKEHHOMY COCTOSTHUIO B MeMOpaHe U3, uto Hera-
THUBHO CKa3bIBaeTCS HA XapaKTEePUCTUKAX TEH30PE3UCTOPOB U MTPUBOIUT
K HavyaJIbHOI pa3baaHCUPOBKE MOCTA B AJIEKTPUIECKOI CXeMe, B KOTO-
pyto Bktoyaetcss UD. YkazaHHOE 00CTOSITEILCTBO OyAeT TPOAEMOHCTPH-
POBAaHO HMXE Ha MPUMepPe 3aBUCMMOCTH BBIXOJHOTO curHaia Y9 M/1JT
OT MPUJIOXKEHHOTO BHEIIHETO AaBjeHus (puc. 8).

AJNbTepHATUBHBIM MOAX0I0M K pa3dpaboTke hOpMbl OMMOPHOTO
KpHUcCTajlja CTajJo UCIOJb30BaAHUE B €r0 KOHCTPYKIIMU 3apaHee

INTRODUCTION

Over many years a particular attention has
been paid to microelectromechanical systems
(MEMS) SE packaging due to its significance
for final parameters of the finished device [1].
Among lots of proposed concepts for decoupling
a primary transducer or SE, the worthiest solu-
tions have appeared due to the following trend:
SE package is much more efficient if the required
parameters of mechanical decoupling are set
beforehand in a silicon intermediate layer or sup-
port chip. One of the support chip functions is to
minimize mechanical stresses that happen, for
example, as a result of thermal linear expansion
of a device package base with installed SE.

At present there are several fundamental
trends in microsystem technology (MST) that
are most package- sensitive. One of these cov-
ers integrated pressure transducers whose oper-
ation principle is based in some cases on the
piezoresistive effect. The application of this
effect as the key operation principle has been
widely spread due to relatively high accuracy
of SE [2] measuring characteristics and the
simplicity of the structure using piezoresistors.
But there are some few factors that can deteri-

orate output characteristics. The most critical

are mechanical stresses which contribute to an
output signal — applied external medium pres-
sure ratio. The mechanical stresses contribution
can result in a shift and ratio zero drift, hyster-
esis occurrence in an operation cycle, response
time change under rapidly changing tempera-
ture. Therefore, to design a high-precision PMS
it is necessary to match the designed PMS SE
components with minimal mechanical stresses
on transient interfaces in the SE membrane-
device package system, or to make sure of com-
pensating for negative factors influence.

This work is aimed at finding an optimal sup-
port chip structure. A comparative analysis has
been done to choose among the suggested vari-
ants of decoupling a device package, and a struc-
ture variant of a support chip that makes it pos-
sible to decrease parasitic effect transferred
to PMS SE and thus to reduce undesired compo-
nents in output characteristics has been offered.

THEORETICAL PART

Undoubtedly, struggling for a maximal result
you face with both positive and negative aspects
in designing the finished product. If you con-
sider SE accuracy as a priority parameter, then
the second most important criterion is simplicity

of its manufacturing process. So, both crite-
ria have been used for further consideration
and selection of support chips as SE constitu-
ent part. The support chip structure should pro-
vide a minimal undesirable components contri-
bution to an output signal and the support chip
itself can be fabricated in a unique cycle based
on microelectronic devices processing line.
Among relatively inexpensive PMS SEs, the
most popular has appeared to be mechanical
decoupling with a package formed as a massive
support chip whose height is several fold greater
than a SE chip thickness (model I illustrated
in Fig. la) [3] or similar support chip but already
mounted on a ceramic pipe (model II shown
in Fig. 1b). SE membrane installed in this way
to a first approximation enables partial removal
of mechanical stresses related to SE packaging.
A SE membrane is assembled on a support
chip (model I and II) by gluing, soldering and
doping [1]. Along with other techniques, a sup-
port chip of model I is more often manufactured
by electro-stimulated (anodal) bonding of sev-
eral silicon wafers or borosilicate glass which
is joined with SE chip [4]. However, from the
technological viewpoint a mechanical decou-
pling of such a type is not always effective and
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Puc. 1. 49 MJIJI: a) pacnonroxcenue membpans, 49 na maccugnom onoprom kpucmanne (modeas 1); 6) pacnonoicenue 0noproeo KpUcmania Ha Kepamu-

yecioil mpyoxe (modeas 11)

Fig. 1. PMS SE: a) SE membrane located on a massive support chip (model 1); b) support chip installed on a ceramic pipe (model 11)

61b

Puc. 2. 42 MJIJI: a) onopHoiii kpucmann 49 umeem gopmy eoghpuposantoii nogepxnocmu (modeas I11); 6) 3akpennenue onopHoeo kpucmanna u memopa-

Hot 42 ocywecmensemces uepes nodgec (modens 1V)

Fig. 2. PMS SE: a) SE support chip has a form of corrugated surface (model I11); b) support chip and SE membrane are suspension fixed (model 1V)

MPEeAyCMOTPEHHBIX MJaHAPHBIX U 00BEMHBIX TEPMOKOMIIEHCALI M-
OHHBIX 2JIEMEHTOB [5, 6]. Cpeir MMEIIMXCS PA3HOBUIHOCTENH KOH-
CTPYKIIU¥ OTIOPHBIX KPUCTAJIJIOB OBIIIN MPEICTaBICHBI T€, C TOMOIIBIO
KOTOPBIX BO3MOXHO MUHUMU3UPOBATH MEXaHUUYECKUE HATIPSIKEHU ST,
U KOHCTPYKIIUSI KOTOPBIX HE MPUBHOCUT MOMOJHUTEIbHBIN OTPU-
aTeTbHBIN QYHKIIMOHAJ, HATIpUMED, TIOSIBJICHNE 3aBUCUMOCTH YD
OT IECTBYIOIIET0 Ha Hero yckopeHus. Ha puc. 2 (a, 6) npeacraBieHbl
J1Ba TUIIa ONOPHBIX KpucTaaaoB (moaens 111 u IV), umeromue B cBoeii
reoOMeTPUU TEPMOKOMITEHCATOPbI YIIPYTUX HAMIPSIXKEHUIA, a Ha pUC. 3 —
Moziesib V, mpeyiokeHHasl B paMKaxX UCCIeTOBaHU I TaHHOI paboThI.

IMonnepxuBalonive KpUCTaaiabl, B KOHCTPYKIIMIO KOTOPbIX BXO-
JISIT TEPMOKOMITEHCATOPBI YIIPYTUX HANIPSIXKEHU I, (POpMabHO MOXKHO
pas3fequThb Ha J1Ba Kjlacca. B mepBrIii Ky1acc BXOAST KPUCTAJIIBI, CIIO-
CcOOHBIE KOMIIEHCUPOBATh MEXaHUYeCKUe HATIPSIKEHUsI, NEUCTBYI0-
mue BIoJb miockocTu XY (puc. 26 u puc. 3) (IeKapTOBOl CUCTEMBI
KOODAWHAT), BO BTOPOM HAXOMSITCS T€, KOTOPbIE TAaKKe MUHUMU3U-
PYIOT HampsixkeHUsT B TI0CKOCcTH XY ¢ BO3MOXHBIM 3aeICTBOBAHUEM
HaIpaBJIeHU S BAOJb ocu Z (puc. 2a).

OKCITEPUMEHTAABHASA YACTbD.

PACUET MEXAHUYECKHX HAIPS)KEHUN

B OITOPHOM KPUCTAAAE

[Ipu npoBeaeHMU pacyeTOB MEXaHMYECKMX HAMPSIKEHU it B pacCcMO-
TPEHHBIX BapUaHTaX KOHCTPYKI Uil rabapuTHbIe pa3Mepbl U MaTepu-
aJIbl, U3 KOTOPBIX OHU U3TOTOBJICHBI, OBLJIM B3SITHl U3 OIUMCAHUS Ieii-
crBytomrx Y9 M/ [3]. YToOBI yuyecTb psiji TOHKUX MOMEHTOB MaTe-
MaTUYECKOU MOJEIU, B UTOTOBY IO KOHCTPYKIIMIO BOLJIU CJEeAYIOlIe

pabouue ciou: Kpucrtayii ¢ memopaHoit MJIJI, ormopHBIi KpUcTa,

Puc. 3. Onopnutii kpucmann 49 umeem naanaprvie mepmoKomMneHcamo-

Pbl, 3aKpennenue ocyu,ecmeniemcs epes3 Kepamuueckyo mpyoxy (mo-
deav V)

Fig. 3. SE support chip has planar temperature compensators that are
mounted by a ceramic pipe (model V)

OCHOBaHMeE KOpITyca UJIU KepaMUudecKasi TpyoKa, KoTopast sSIBIsIeTCs
yacThio koprnyca UD. Cuuranoch, 4To YD U3roToBJIIeH U3 MOHOKPH-
CTAJJIMYECKOr0 KPeMHU I, KaK ¥ OMOPHBIN KPUCTAIT C TEPMOKOM-
neHcatopamu, st moaeneit 11-V. [lns monenu I kpucrann ¢ Mmemo6pa-
HOIi pacrniojiarajcst Ha 60pocuIMKaTHOM cTekse. OcCHOBaHMe Kopriyca
yMmozenu I u IT1 BeinosHeHo u3 KoBapa. Y moaenu 11, IV u V 3akperne-
HUE B KOPITyCe OCYILECTBIISIETCS Yepe3 KepaMMiecKylo U MEIHYIO TPy~
OOUKM, MOCEHSISI BBADUBACTCSI B KOPITYC.

st BBIOOpa ONTUMAJIbHON KOHCTPYKIIMU Cpean 00pa3iioB U3 pa3-
HBIX KJIACCOB pacyeT MPOBOIUIICS IS HECKOJIBKUX CXOXUX MOJIETIeH.
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Puc. 4. Pacnpedenenue mexanuueckux nanpsaycenuti ¢ 49 M/ ors modeau I (a) u 11 (6)

Fig. 4. Mechanical stresses distribution in PMS SE for models I and 11

Huxe npuBeneHbl pe3yabTaTbl MOAEIUPOBAHUSI METOAOM KOHEUHBIX
3JIEMEHTOB JIJISI OTIOPHBIX KPUCTAJIJIOB, 00JIafalonX Hanboee onTu-
MaJIbHBIMU (YHKIIMOHAJIBHBIMHM BO3MOXHOCTSIMU CPEIU MPEACTaBU-
TeJeil 13 KaXA0To Kiacca.

Kak moka3ano Ha puc. 4a, ecniu UD pacrmosiokeH Ha OMOPHOM
KpUCTajie u3 60pOCUIMKATHOTO CTEKJIa, IPU U3MEHEHU U TeMIlepa-
TYpbI (OCYIIECTBIISIETCS pa30rPeB OCHOBAHMSI, HA KOTOPOM pacriofa-
raeTcst ONMOPHbBIM KpUCTaI) HabII0IaI0TCs MeXxaHuyeckue nehopma-
LU MeMOpPaHBbI, B pe3yIbTaTe KOTOPBIX MEMOpPaHa MCIBIThIBACT OTPU-
LaTeIbHbIN TPOrn6, HAaNpaBJICHHbIN MPOTUB IEHCTBUS TOTOKA rasa.
Tono6HOoe noBeneHre MemMOpaHbl HaOMoAaeTcs Uy Mmozaenu 11, korna
MacCHMBHOE OCHOBaHME M3 KPEMHU S pacrojaraeTcst Ha Kepamuyie-
CKOIf TpyOOUKE B OTCYTCTBUE TEPMOKOMIIEHCATOPOB. MTOrom Takoro

COBMECTHOTO BO3JIEHCTBHSI CO CTOPOHBI MEXaHUUECKMX HATIPSXKEHUA,
MMEIONIUX TPOTUBOIOJIOXHbIE HATIPABJICHUSI, CTAHET MaJeHUe YPOBHS
BBIXOTHOTO CUTHAJIa, U y BHELTHET0 HAOIIONATeIsI MOXKET BOSHUKHYTh
HEBEPHOE MPEATIONOXEHNE, YTO U3MepsieMoe NaBJIeHNe MOTOKa ra3a
cHU3MI0Ch. CUTYaIsI MOBTOPSIETCS U B 00JIACTU OTPULIATEIbHOM TeM-
mepaTypsbl, HO MPOTud MEMOPaHBI U ASCTBUE MEXaHMYECKUX HATIPSI-
JKEHUIT B 3TOM cllydae YKe COBIAMaI0T 0 HAPaBICHUIO.

B otinuuie OT OMOPHOTO KPUCTAJLIA, BEITIOJTHEHHOTO U3 CTeKJIa, I1e
MJ0IIaAb COMPUKOCHOBEHM I KpUCTajajla MeMOpaHbl MaKCUMaJlbHa,
y moznenu II1 o6racTs KoHTakTa 3aHUMaeT He 6ojee 30 % oT HUXK-
Heil rpaHu ocHoBaHus, a y moaenu 11, IV u V nepoHavasibHOe B3a-
MMOJEICTBME OCYILECTBIISIETCSI Yepe3 KepaMUUecKylo TpyOouKy,
KOTOpasi ajiee 3aKperuisieTcsl B MeHOM TpyOKe, KeCcTKO CBapeHHOM

justified due to an increased amount of opera-
tions and applied engineering in comparison
to a silicon wafer standard processing cycle.
Besides, a significant disadvantage of this con-
cept is a requirement that all layers that are con-
stituent parts of a SE and support chip match
the material thermal expansion coefficient
(TEC). In addition, anodal bonding of two
chips leads to pre-stressed state in a SE mem-
brane that has negative effect on piezoresistors
characteristics and causes initial bridge unbal-
ance in an electric circuit to which SE is hooked
up. The abovementioned case will be illustrated
below by PMS SE output signal dependence
on applied external pressure (Fig. 8).

An alternative approach to designing a sup-
port chip form is based on using predefined
planar and bulky temperature compensa-
tion elements [5, 6] in its structure. Among
already existing support chip structure varia-
tions, there have been presented those capable
of minimizing mechanical stresses and whose
structure does not introduce an additional neg-
ative functional, such as the appearance of SE

dependence on acceleration. Fig. 2a, b shows
two types of support chips (model I1I and 1V)
whose geometry has temperature compensa-
tors of elastic stresses, and Fig. 3 illustrates
model V offered by the authors in this research.

Support chips whose structure consists
of temperature compensators of elastic stresses
can be formally divided into two classes.
The first class covers chips capable of compen-
sating for mechanical stresses affecting along XY
plane (Fig. 2b and Fig. 3) (rectangular coordinate
system). The second class includes chips that also
minimize stresses along XY plane and may cover
direction along Z axis as well (Fig. 2a).

EXPERIMENTAL PART.
ANALYZING MECHANICAL
STRESSES IN SUPPORT CHIP

While analyzing mechanical stresses in the
highlighted various structures, dimensions
and materials they are made of have been bor-
rowed from the descriptions of operating PMS
SEs [3]. To take into account some critical
moments of a mathematical model, the final

structure consisted of the following operat-
ing layers: a chip with PMS membrane, sup-
port chip, a package base or ceramic pipe
which functions as a SE component. A SE
was considered to be manufactured from sin-
gle-crystalline silicon as well as a support chip
with temperature compensators for models
II-V. For model I a chip with membrane was
placed on borosilicate glass. Model I and IIT
package base was made of kovar. As for mod-
els I, IV and V, their package fixing is done
by a ceramic pipe and copper tube, the latter
being package-welded.

To choose an optimal structure among var-
ious class samples, an analysis has been made
for a few similar models. Below are the results
of simulation by a finite element method for
support chips characterized by the most opti-
mal functionality among each class represen-
tatives.

As seen in Fig. 4a, if a SE is installed
on a support chip made from borosilicate
glass under temperature alteration (the base

with a support chip is heated up), a membrane
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Puc. 5. Pacnpedenenue mexanuueckux Hanpsaycenuii 6 49 M/ oas modeau I11 (a) u modeau 1V (6)

Fig. 5. Mechanical stress distribution in PMS SE for models I11 (a) and 1V (b)

¢ koprrycoM. [Tpu 3ToM 06J1aCTh KOHTaKTa C KEpaMUYECKOi TPyOOUKOit
st mozesteit 11, TV u V rakke He ripesbiinaeT 30 % ot rutomaan. Takum
00pa3oM, YyMeHbIlIeHHe 00JJacTH KOHTAKTa OMOPHOro KpHcTajia
C KOPITYCOM, KaK TIPOJIEMOHCTPUPOBAHO Ha PUC. 5 1 6, CTOCOOCTBYET
CHUXXEHUIO 00JTaCTH pactpocTpaHeHUs nedopManuii, 4To cripaBe-
nuBo U 1uist mozienu 1. OmHako TeMIiepaTypHOe paciiupeHne KepaMu-
4ecKoi TpyOK U B cirydae Moesu I, Ha KOTopoii pacrmosiaraetcst ormop-
HBIIl KPUCTAJI, B CUJIY CAMMETPHUU 3aJauyy TPUBEICT K HaualbHOMI
nedopManuu MmeMopaHbl YD, 4TO, B CBOIO OYepe/ib, TAKXKe MOBIUSIET
Ha BBIXOJHbIC XapaKTepUCTUKU YD.

OnopHbIil KpucTani B ¢dopMe robpupoBaHHON MOBEPXHOCTH
(moneunb I11) obnanaer paanaabHO CUMMETpPUEN, U C yBEJIMUYEHUEM
PACCTOSTHUSI OTHOCUTENBHO LIEHTPa KpHCTalla MeXaHMYeCKe HaTpsi-
KEHU S MPaKTUYECKH TOJHOCTBIO pelakcupyloT. [IpeumyiiecTBo
MOIOOHOI KOHCTPYKIIUM 3aKJIIOYAIOTCST B TOM, UTO CPEIU UCCIIEIOBAH-
HBIX aHAJIOTOB NAHHBII TUTI OMIOPHOTO KPUCTAJIJIa HAMMEHee TTOIBep-
JKeH MeCTBUIO MEXaHMYECKUX HATIPSIKEHU I, CBSI3aHHBIX C TeMTIepaTyp-
HBIMU TeperaiaMiu, BBUIY TOTO, YTO BCsl TOPUPOBAHHAS TOBEPXHOCTh
BBICTYMAET B pOJIK 00beMHOro TepMokoMIieHcaTopa. CoraacHo [7]
Bapuallus JaTepaibHbIX TAPAMETPOB OMIOPHOTO KPUCTAJIA U TONIIUHbBI

q

iTan
Puc. 6. Pacnpedenenue mexanuueckux Hanpsaxcenuii ¢ 49 ML ors mo-
deau V
Fig. 6. Mechanical stress distribution in PMS SE for model V

appears to be mechanically strained resulting
in a negatively bended membrane in the gas
flow reverse direction. A membrane of model
II behaves similarly when a massive silicone
base is located on a ceramic pipe with no tem-
perature compensators. This joint effect from
mechanical stresses of opposite directions will
result in output signal decaying, and an exter-
nal observer might make an improper assump-
tion that the measuring gas flow pressure has
been reduced. The analogous situation occurs
in relation to negative temperature area but
a membrane bend and mechanical stress effect
are directed the same way in this case.

In comparison to a glass-made support chip
with the maximum membrane chip contact
area, model I1I has contact area of no more
than 30 % of the lower base facet but models

I1, IV and V interact primarily by a ceramic
pipe which afterwards is mounted inside a cop-
per tube rigidly welded to the package. In this
case the contact area with the ceramic pipe
for models II, IV and V does not exceed 30 %
either. Therefore, reducing the support chip
contact area with the package as it has been
demonstrated in Figs. 5 and 6 makes it possi-
ble to decrease strain distribution zones, which
is also true for model I1. However, as for model
11, thermal expansion of a ceramic pipe with
a support chip is mounted on due to symme-
try will cause initial strain of a SE membrane
affecting SE output characteristics.

A support chip in the form of a corrugated
surface (model III) possesses radial symme-
try, and as distance relative to a chip center

increases, mechanical stresses totally relax.

The advantage of this structure is that among
the investigated analogs this type of a support
chip is the least exposed to mechanical stresses
related to temperature variations because the
entire corrugated surface functions as a bulky
temperature compensator. According to [7]
a variation of support chip lateral parameters
and corrugated surface wall thickness makes
it possible to diminish material stress states
up to 95%. Moreover, model 111 and V struc-
ture does not require auxiliary sealing, and such
a SE version fits both an absolute sensor and dif-
ferential pressure. The disadvantage of corru-
gated support chips is a fabrication complexity
to obtain specified (target) crystallographic sur-
faces by liquid etching from both chip sides and
their brittleness (fragility) while being assem-
bled [3] and in highly defective areas.




CTCHKHU rO(I)pHpOBaHHOfI ITOBEPXHOCTU ITO3BOJIACT CHUSUTDL HAIIPSAXKECH-

HbIE COCTOSIHUS B MaTepuase 10 95 %. [IoMrMO 3TOro B KOHCTPYKLUU
mozenu 111 'V He TpeOyeTcst TOMOJHUTENbHOM TepMETU3aLIMK, U TAKOM
BapuaHT YD MoaxoamT Kak [Js faT4yrKa abCOMITHOrO, Tak u nudde-
peHIIMaIbHOro naBaeHusl. HenoctaTkoM omopHbIX KPUCTAJLIOB € TOd-
pUpPOBaHHOI GOPMOIi SIBISIETCS CIOKHOCTb X U3TOTOBJICHUS B YACTH
MOJYYeHU s 3aJaHHbIX KpUCTaJJIOrpauUecKuX MI0CKOCTE ¢ TOMO-
LIbIO XXMIKOCTHOTO TPaBJeHUS ¢ 00eMX CTOPOH KpUCTaIa, UX XPYII-
KOCTb IpU1 MOHTaKe [3] 1 B 00JaCTsX BBICOKOM 1e(HeKTHOCTH.

B cpaBHeHuu ¢ koHcTpyKuueit mogenu 111, B onopHoM kpucrajie
Mozenu IV, rae cBsi3b ¢ KOPIYyCOM OCYIIECTBIISIETCS] Yepe3 3aKperyIeH-
HBIIl ToIBeC U TPYOOUKY, NeopMalu, BEI3BAHHBIE aHAJIOTUIHBIMU
TeMIepaTypPHBIMU KOJIEOAaHUSIMU, TAKXKe MUHUMAJIbHBI U HE BIUSIOT
Ha paboty UD. Bce TemriepaTypHble U3MEHEHU S, CBI3aHHBIC C BHEITHE
Ccpeloii, Ha IepBOM dTare MOMIONIAI0TCS KepaMUYeCcKoil TpyOKoit, a yxke
3aTeM TOIBECOM, Ha KOHI1IE KOTOPOTO MMEETCs] OCHOBAHUE 1151 3aKperie-
HUs Ha TpyOKe. JlIOCTOMHCTBO TaKOil KOHCTPYKLUM 3aKJII0YEHO B PO~
CTOTE U3TOTOBJICHUSI OMTOPHOT'O KPUCTAJIA, TJIaBHBIM 2JIEMEHTOM KOTO-
pOro SIBJISIETCSI OCHOBAHME KPEeIJIeHMsI KepaMUUYeCKOi TPyOKH U TJI0-
CKMIl moaBec, 00bEJUHSIOIIMIT OCHOBAHME C OCTAJbHON YacThIO KpU-
crajuia. PanquanbHasi CAMMETPUSI OCHOBaHHUS M 00JIaCTh, I1€ OHO Pacro-
JlaraeTcs, Mo3BOJISIIOT BBIMOJTHUTh MEXAaHUYECKYIO Pa3BsI3KY C KOPITYCOM
¢ MUHMMAaJIbHBIM B3auMoJeilicTBueM uepes noasec. CI0XHOCTH, 00Ope-
MEHSTIONIME TAHHBII BUJ OTOPHOTO KpUcTaia u cam YD, cBSI3aHBI C TeM,
yTto st YD matumka aGCOTIOTHOTO NaBICHUS MTPU TAKON KOHCTPYKIIMU
HE0OX0MUMO OyIeT U3TOTOBUTH HOMOJHUTENBHYIO 3aIIUTHYIO KPBIIIKY
s repMetusannu Mmemopansl UY9. K Tomy ke cuctema, obiamaronast
MOJIBECOM, J1axke C OOJIBILOI CTETMEeHbIO XXECTKOCTH, KaK B JTaHHOM Bapy-
aHTe, MOXXET BBICTYMNATh B KAYeCTBE KOHIIEHTPATOPa MEXaHUYECKUX KOJIe-
OaHMii, YTO SIBJISIETCS] OTPULIATEILHBIM CBOMCTBOM KOHCTPYKIIMH.

TIpennoxeHHast Moziesib V OIIOPHOTO KPUCTAJLJIa, UCXO/ISl U3 €ro reo-
METPUYECKUX CBOMCTB, AOCTATOYHO MPOCTa B U3TOTOBJIEHUU, BBULY
TOTO 4TO MoauduUKalus pejbeda MoBepXHOCTH MIACTUHBI MOTPEOy-
€TCs TOJILKO € OIHOI CTOPOHBI. C TOUKU 3peHU s KPEMHUEBOI TEXHO-
JIOTUU U €ro MPOU3BOJCTBA, MOA0OHOE TEXHUYECKOE PELICHUE UMEET
PSII IPEUMYTIECTB, TTOCKOJBKY MUHUMU3UPYIOTCS BO3MOXHBIE TEX-
HOJIOTUYECKUE YXOIbl U HETOUHOCTU. [eoMeTpuUuecKmii BUIl TEPMO-
KOMTIEHCATOPOB Y KpUCTaja MpeAcTaBiasieT co00if Habop M3 KOH-
LIEHTPUYECKUX KOJIeIl CIOXKHOI (DOPMBI, KOHCTPYKIIUS HE SIBISICTCS

MuUKPOCHUCTEMBI

CKBOBHOﬁ, IIO3TOMY, KaK OBLIIO YKa3aHO BbILIC, OJId NaHHOU MOJesn
HE HOTpCGyCTCH JOIIOJIHUTEJIbHAA r€pMETU3 ALl .

IIOAYYEHWUE BbIXOAHOﬁ XAPAKTEPUCTUKHA 93
MAA B YCAOBUSX TEMITEPATYPHOI'O KOAEBAHUSI
CPEABI

[lns onpeneseHust BKjaaa OT MEXaHMYECKMX HAMPSIKeHU, KOTO-
pble MOTYT MepeaaBaTbesi Ha MeMOpaHy U9, U oJly4eHuU s ero BbIXOA-
HOI XapaKTEePUCTUKU IMTPU TEMIIePATyPHBIX M3MEHEHUSIX CPEIbl ObLIH
BBITIOJIHEHbI CJIEYIOLIIME DTATIbI 10 pacyeTaM:

C nomobio cpeabl Comsol Multiphysics BeITIOTHEHA MOJIE]Tb MEM-
opanbl YD TonmuHoi 20 MkM (puc. 7a).

Hcnonb3ys pacueT obsacteil Hauboabnx aeopmanuit Mmem-
OpaHBbl, UCXOMAS U3 TOJYYEHHBIX JAaHHBIX, ObIJIM BEIOpAHBI 00JacTU
pacrnoJIoXeHU s TEH30PE3UCTOPOB (puc. 70).

Janee teH3ope3ncTopbl YD ObLIM BKIIOUEHBI B MOCTOBYIO CXEMY,
Gyaronapsi ueMy Obliia MoJlyyeHa BbIXOAHAs XapaKTepUCTUKa — 3aBU-

CHUMOCTb BBIXOJHOTO curHaiga U OT NMPHUJIOXKECHHOTO NaBJICHUA

out
Ha MeMOpaHy.

[MonyuyuB BBIXOAHYIO XapaKTepucTUKy UD 17151 ciiyvasi, KOrga MeM-
OpaHa He UCMBITHIBACT MEXaHMYECKUE HATIPSKEHUsI, HAMU OBIIH
YUTEHBI YCIIOBUSI TEMTIEPATyPHOTO pa3orpeBa-oXJIaxkIeHUsl, B Pe3yJib-
TaTe 4Yero MOCTPOCHBI XapaKTePUCTUKHU, TOKa3aHHBIE Ha pUC. 8.

CoracHo puBeneHHBIM rpacdukam (puc. 8) 3aBUCUMOCTD BBIXOTHOTO
CHUTHAJIA [Tt Pa3HBIX OTTOPHBIX KPUCTAJIJIOB UCIBITBIBACT IMHEHHOE CMe-

1eHue Baoab ocu U YTO CBA3aHO C MEXAaHUYECKUMU HAIIPAXKCHUAMU,

out”
BBI3BAHHBIMU TEMIIEPATyPHBIMU U3MEHEHUSIMU cpenbl. [1is moneneit [
u 11 B 061aCTH MOJIOXUTENBHOI TeMIepaTypbl HabJIIOAAETCS CMElIeHUe
BHHU3 (puc. 8a), UTO, KaK OTMeYasoCh paHee, sIBASIETCS CJAeICTBUEM MPO-
TUBOACHUCTBUS IBYX TUIIOB MeXaHMYeCKUX HampsikeHuit. [Ipu oTpuna-
TeJIbHOI TeMIlepaType YPOBEHb CUTHaa BO3PACTaeT, UYTO OOBSICHSIETCS
COBMNAaJeHHMEM HaMNpaBJeHUI NIeHCTBUSI BHYTPEHHUX U BHEILIHUX HATIPSI-
XeHuit (puc. 80). B cinyuae mozmenu 111 3aBUCMMOCTD HE U3MEHSIETCS
Ha BCeM TeMIIepaTypPHOM JMala30He, YTO elle pa3 J0Ka3bIBaeT BEICOKYIO
3(hGEKTUBHOCTD OMOPHBIX KpUCTasIoB YD, umeroniux ¢popmy rodpupo-
BaHHOI MTOBEPXHOCTHU. XapakTepucTuku Moznesneit [V u V ornopHoro kpu-
cTaJjila UCTIBITBIBAIOT HE3HAUUTEIBHOE CMEIIIEHUE, YTO TAKXKe MOATBEPXK-
naet nx 9pheKTUBHOCTh B MUHUMU3AIIUY YIIPYTUX TIOJIEi TP pa3Bs3Ke
YD ¢ koprycom usuenusl.

OBTAINING PMS SE OUTPUT

Compared to model I11 structure, in model
IV support chip where package bonding is done
by a suspension and tube, strains caused
by similar temperature fluctuations are also
minimal and do not affect a SE performance.
All temperature changes related to external
medium are neutralized by a ceramic pipe
at the first stage and afterwards by a suspension
at the end of which there is a base to fix a tube.
The advantage of this structure is simplicity
in manufacturing a support chip whose key
element is a base to bond a ceramic pipe and
flat suspension joining the base with the rest
part of the chip. Radial symmetry of the base
and its location site enable mechanical pack-
age decoupling with minimal suspension inter-
action. A burden for this type of a support chip

and SE itself relates to a necessity to fabricate

for absolute pressure sensor SE an additional
protection cover for SE membrane sealing.
Moreover, the system even with a highly rigid
suspension, as in this variant, can function
as a mechanical fluctuation concentrator that
is a structure disadvantage.

By its geometrical properties the suggested
support chip of model V is sufficiently simple
in production due to a necessity of merely sin-
gle-side modification for a wafer surface curva-
ture. From the viewpoint of silicon technology
and production, a similar solution has a number
of advantages as likelihood technology errors
and inaccuracies are minimized. A chip tem-
perature compensator geometry looks like a set
of complicated concentric rings whose structure
is not through. Therefore, as mentioned above,
this model will not need additional sealing.

CHARACTERISTICS IN TEMPERA-
TURE VARIATION MEDIUM

To define contribution of mechanical stresses
that can be transferred to a SE membrane and
to obtain its output characteristics in tempera-
ture variations medium the following analysis
stages have been realized:

Using CAD Comsol Multiphysics 20 micron-
thick SE has been modeled (Fig. 7a).

Basing on the analysis of the most strained
membrane areas and the obtained results, the
sites for allocating piezoresistors have been
chosen (Fig. 7b).

Afterwards SE piezoresistors have been
hooked up to a bridge circuit resulting in out-

put characteristics — ratio of U_ , output signal

out

to membrane-applied pressure.
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Fig. 7. PMS SE membrane: a) model of investigated SE membrane, b) distribution of mechanical strain and membrane piezoresistors allocation (meander type)

BBIBOABI

B xone paGoThl ObLIO MPOBEACHO UCCASIOBAHUE MTSITH TUITOB OIMTOPHBIX
KPHUCTAJIOB. AHAJIU3 C TOMOIIbIO METOAa KOHEYHBIX DJIEMEHTOB ITPU
TeMTIepaTypHOM pacIIUpPEeHUM-CXKATUN OCHOBAHMS KOpITyca Mmpu-
6opa nmoka3sal, uyto st moaeseit I u I1 omopHoro KkpucTasia HeoO-
XomauMmo cTporoe coracoBanue TKP maTepraioB Mex 1y BCeMU CI0-
SIMU, BXOISIIIUMU B CUCTEMY MeMOpaHa-OMOPHBIN KPUCTATI-KOP-
myc, Ipu 3TOM BbIxogHOM curHan YD M/ nns moxenu | B 3HaUn-
TEJNbHON CTEMEHN 3aBUCHUT OT TEMIIEPATYPHI JaXKe ITPU HEOONBIINX €€
M3MEHEHUSIX.

Cpenm Bcex MPEaI0KEeHHBIX MOAEIEH OMOPHBIX KPUCTAJIOB
monensb 111 mokaszaysia Hauay4IlIKe BBIXOJHBIE XapaKTePUCTUKU,
noysiyyeHHble oT YD MJII, B KOTOpOit HabaomaeTcss HauMEHb-
lee MexaHM4YeCKoe HampsKeHue, nmepeaaBaeMoe OT OCHOBAaHU ST
Koprnyca K MeMOpaHe UYD. MuHUMaJIbHOE 3HAUEHME TlepeaaBae-
MBIX MEXaHUUYECKUX HAIIPSKEHU I TOCTUTAeTCs yepe3 YTOHeHUEe
CTEeHKH TopPUPOBAHHON MOBEPXHOCTU OMOPHOrO KpuUcTaia,
4TO MOAPOOHO paccMOTpPeHO B [6]. [Ipr 5TOM 0COGEHHOCTH pa3-
BUTOTO pelbeda OMOpHOTO KPUCTAIa U UCTIOIb3yeMbIil MaTe-
pua HakJaablBalOT PSAJ TEXHOJOTMYECKUX TPYJAHOCTE Ha €ro

HN3TOTOBJIECHUCE.

TIpoaHanu3MPOBAB Pe3yIbTATHI PACYCTOB U MPOCTOTY KOHCTPY K-
uuu moaeseit IV u V c Touku 3peHust TEXHOJIOIMU TPOU3BOJICTBA,
MBI clieJIaJiv BBIBOJ, B TTOJIb3Y PAa3BUTHSI JaHHOTO Kjacca OMOPHBIX
KPUCTAJJOB, MMEIOIINX B CBOEI KOHCTPYKIIUU TIJIaHAPHBIE TEp-
MOKOMITEHCAIIMOHHBIC JIEMEHTHI, MOCKOJIbKY NaHHBIII BapHaHT
MoOJesu HauMeHee eMKUIl B TPOU3BOACTBE U HajJesieH Hauayu-
UMY TPOYHOCTHBIMU XapaKTepPUCTUKAMU. 3aBUCUMOCTHU BBIXOJI-
Horo curHasa U, oT NpujioxXeHHoro aaBieHus YD Ha 6aze sTUX
MojIeieil HaXOASITCS B ¢J1ab0i 3aBUCUMOCTH OT TEMIIEPaTypPhl OKPY-
JKAIIIEl CPeibl, YTO yIAOBIETBOPSIET BBIIBUHYTOMY TPEOOBaHUIO
0 MUHUMMU3AIUH HeXelaTeIbHbIX BKJIAJ0B B BBIXOJAHYIO XapakTe-
puctuky. [IpennoxeHHast aBTopaMu MOJesib V OMIOPHOTO KpUCTaJlia
npuMeHuMa Kak a1 UD naTuymka abCoJIOTHOTO, Tak U nuddepeH-
LMAJIbHOTO JaBJIEHW I, YTO [ieJIaeT ee HanboJjiee yAauHbIM pellieHeM
Ccpeau pacCMOTPEHHBIX OMTOPHBIX KPUCTAJIIOB.

HOBU3HA PE3YABTATOB

ABTOPBI CYUTAIOT, YTO B JAHHOI paboTe HOBBIMU SIBJISIOTCS CIENYIO-

e TIOJIOKEHUST ¥ Pe3yJIbTATHI.

1. TNpennaraercs OpUTUHATBHBIN BapUAHT KOHCTPYKIIUU OTOP-
HOTO KpHCTajja ¢ TJIaHAPHBIMU TEPMOKOMIIEHCAIIUOHHBIMU

Having obtained SE output characteristics
when a membrane is not exposed to mechani-
cal stresses, we have taken into account tem-
perature warm-up-cooling resulting in charac-
teristics plotted in Fig. 8.

According to the given plots (Fig. 8) the
dependence of output signal for various sup-
port chips suffers from a linear shift along U,
axis, which relates to mechanical stresses caused
by the medium temperature variations. As men-
tioned before, in models I and I1 in positive tem-
perature area a lowering is observed (Fig. 8a)
as a result of two counteracting mechanical stress
types. Under negative temperatures signal level
is going up, which speaks for coincided directions
of internal and external stresses (Fig. 8b). As for
model I11, the ratio does not vary within entire
temperature range, which proves high efficiency

of SE support chips with corrugated surface.

Support chip characteristics of models IV and
V suffer inconsiderable shift, which also proves
their efficiency in minimizing elastic fields while
decoupling SE from a device package.

CONCLUSIONS
In the course of the work five types of sup-
port chips have been tested. The analysis
made by a finite elements method under ther-
mal expansion-compression of a device pack-
age body has demonstrated that a support chip
of models I and II requires strict TEC materi-
als matching between all layers being constitu-
ent parts of the membrane-support chip-pack-
age system. In this case PMS SE output signal
of model I depends heavily on temperature,
even if variation is the slightest.

Among the offered number of support chip
models, model III has shown the best PMS

SE-obtained output characteristics with the least
mechanical stress transferred from a package
body to SE membrane. The minimum value of the
transferred mechanical stress is achieved by thin-
ning a support chip corrugated surface wall which
has been thoroughly described in [6]. Besides,
peculiarities of a support chip complicated cur-
vature and material in use impede its production.

Having analyzed the design results and the
simplicity of models IV and V structure from
the production viewpoint, the preference was
given to the development of this type of sup-
port chip with planar temperature compensa-
tion elements in its structure, as the model is the
least labor-intensive and is the best in terms
of strength. The ratio of U_, output signal and
applied pressure of SE based on these models

out

is slightly dependent on the medium tempera-
ture, which complies with the target requirement
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a) cucmema ucnvlmoleaen memnepamypHbulil pazoepes; 6) cucmema Ucnvimvleaem memnepamypHoe oxaaxcoenue

Fig. 8. Ratio of U,
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tem is exposed to temperature cooling

3JIeMEHTaM U, MO3BOJISIOIINI COKPATUTD Nepeaady napasuTHBIX
BoszelictBuit Ha YD M1/1 1, TeM caMbIM, yMEHBIITUTD HEeXeJlaTe b~
HbIE COCTaBJIsIIOLINE B BBIXOAHOM xapakTepuctuke U, OT npujo-
JKEHHOTO aBJICHUS.

KoHcTpyK1MsI omopHOro KpucTaiia Moiean V HauMeHee 3aTpaTHa
TEXHOJIOTMYECKHU 110 CPABHEHU IO C KOHCTPYKIIMSMU OMTOPHBIX KPU-
CTaJJIOB CO CXOXKMMHU XapaKTepUCTUKAMM.

IIpennoxeHHast MOEIb KOHCTPYKIIMU ONMOPHOTO KPUCTAJJIa YHU-
BepcaJibHAa MU MPUMEHUMa 11 MUKPOLATYMKOB a0COJIOTHOTO
u nuddepeHIInaTbHOrO 1aBICHUS.
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Reduction /

that undesirable contributions to output charac-
teristics should be minimized. The support chip
of model V proposed by the authors fits both
an absolute sensor SE and differential pressure,
which makes it a worthier solution in compari-
son to the highlighted support chips.

NOVELTY OF RESULTS
The authors consider the following points and
results in this paper as novel:

1. An original variant of a support crystal
design with planar temperature compensation
elements has been proposed. It allows reduc-
ing the transmission of parasitic effects to the
SE of PMS and, thereby, reducing undesirable
components in the output characteristic U,
from the applied pressure.

2. The design of the model V support crys-

tal is less expensive in terms of technology

as compared to the designs of support crystals
with similar characteristics.

3. The proposed model of the support
crystal design is universal and applicable
to microsensors of absolute and differential
pressure.
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