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Total(10se radiation efrects of pressure sensors fabricated

on Unibond—SoI materials
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Abstract P1ezoresistivc IJressllre sensors with a twln—lsland structllrP were sllf—

rcssfully f讪flcated 11sillg 11i曲qualioy uIlibonfl_S()I(Oll IIlsulator)mat竹lals．SiIl㈣

Ihr ulezor‘、sisto【s wcrc s虹uc“lr‘，d bv thc sing【e crv啦aUine siUcon ovcrlaver of 0he S()1

wafcr a11(1 wcre totally isoIatc(1})v thP buried SiOj．the scIlsors aI c radiaLioIl-hal(】

TIlc sell射tlvlty and tllc linearify of the 1w essure scIJsors h、P1)thelr ori譬ulal vahlcs；汀t⋯

hl“g Irrad¨c(1 I)y 60cu 7一ravs“p to 2 3×l()4(；y(H2()) Howcver“lc o魅et volt“g(，

of c}lc scIlsoI llas a sI沁llt dnft，iIIcrea吼ng with t11c radiation dose Thc absollI}c vall㈦

of the o杆瓷et vultage dcvjation dcpends on nIe prc8sure sensor itself For conlpa rIs L)1l，

cm‘rc8pondlllg poIysilicoIl press uIe scnsors were fabricate(1 L18i119 t11c siInlhr prucess

an(1 irradiated at the sallm conditioll
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1 INTRoDUCTIoN

Smcon On IIlsulator fSOI)ls used as an attractive substrate ror modern stlb—

IIlicrometer integrated circuits，especially for low v01tage，l。w power int。grated clr—

cuits Moreover，SOI circuits are inherently tolerant t。ionjzi“g irradiations and hjgh

tempeTa“lre5【“ There has been aIl lncreasing tendency in recent years to apply SOI

mate“als in the microelectromechanic al systems fMEMs俨⋯．comp缸ed with bll止sil

icon，S01 wafer has a b11ried Si02 layer It can be used as a(1ielect“c is01ation layer，

an etchjllg semstoppi“g 1ayer or a sacri矗clal 1ayer，wldch giVes an addnionaj freedom for

design aJld fhbrica“on。f the nlicro mcchanical sensors and transducers

bl a traditional buLl(siIicon pressure sensor．the senslnE elements aTe usuaUy isolated

from each otller by PN junctjons The sensors cannot work at王ligh temperature siIIce a

si譬11伍cant kakage cuTTem occuTs at temPeratuTes above about 100。C On the other hand，

polys山con pressure sensors can work at Idgh temperatllres since their sensing elements

are isolated fr。In each。ther by Si02 1ayers However，sensitivity of ploysibcon Pressure

sensors is much Iower t11an that ofbuU(，Si pressure sensorsl剖because the sensing element s

are formed using a deposited polycrystauine silicon layer on a therm“oxmjzed smcon

S11pponc‘l hy SckIl(’e and Tc曲n0109y DPvelopmcnt FouudaL诂n oC Sh“gh“uIl(1Pr GHnLL(Nn

98Jcl4004)and partly hy N“lonal NahIral scielLcc Foundatlon of clliIIa(No．69876007)
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wafer It is weU known that mechaIdcal properties of the p。1y—Si are not as g。。d as the

single．crvstalline SiH．The SOI materials combiIle both bene矗ts of single crvstalⅡne Si

elements with dielectric jsolation So the SOI Dressure sensors haⅣe sirnjlar sensitivity as

the bulk Si sensors and shnjkLr high temperature tolerance as the polysilicon sensors【⋯

Moreover，an SOI pressure sensor is expected to be radiation—hard due to its totaUy

djelectric is01ation．

SOI口ressure sensors have been fabricated usillg various SOI materlals such as

sIMOx(separation by implanted oxygen)【引，BEsOI(Bon ding and Etch血g_back soI)}3]
and FIPOS(Puuy Iso】ation by Porous O血dized smcon)卢1 etc．Recently a new SOI ma—

teriaI fabrication techn0109y based on low temperature wafer bonding and layer—cuttmg

induced by implanted hydrogen(also named as unibond—sOI)was developedl“ In this

paper，hj吐quanty 3一inch unibond—S01 wafers were fabTicated by using a m。di矗ed layer—

cutti工lg process Piezoresisti、他pressure sens。rs were successfUly fabricated on those

Unjbond—S01 wafers using sim丑甜layout as p。1y·Si pressure sensors Tota1 dose radia—

tion aIld temDerature eH毫cts are studied on the sensors，

2 EXPERIMENTAL

Start主Ilg materials are 3一mch，n—type

of 5～8 ncm． The tot al thjckness variation

(100)一oriented Si w疵rs with a resistiVi‘y

(TTV)is better than 2pm and the surface

roughness is less than 0．5 nm．After thermal oxidation，the wafers weTe implanted w“h

H+ionsto a dose of6×1016 cm一2 at 70 keV．Imnlediately after cleaningusing animproved

RCA process，the implanted wa如r and aIIother o硝dized wafer(substrate wafer】were

bonded together in a缸crocleamoom set-up at room temp盯ature The bonding strength

was血creased by卸neaung the pairs at 10w temperatllres(曼200。c)for seVeral days Then

the pairs were aIlIlealed i工l a fhnace in N，a珂bient At about 500。C，the hydrogen，

implanted si was dela血nated along an iIlterface ne盯the projected range A tllin single

crvstaLliIle silicon laver was transf色rred to the substrate waf色r and an SOI structure was

fomed．The SOI structllre was re—annealed at 1100。C for 2 houTs in order to increase

the bond strength and to renlove the implantation．induced—damage5 in the Si overlayer

Det缸Ied process for the Unibond．SOI tech血que was reported jn our previous papers降川

The backside ofthe S01 wafer was ground and pohshed to form a both．side p01ished

S01 wafer with a thic】【ness of 240“m A twin—island_be锄一meⅡlbrane structuJe was

designed for the sensor chjp，whjcll is shown m Fig 1 schematica卫y The backside of the

S01 w如r was anisotropically etched iIl aKOH s01ution to form back islands a丑d beams

In the front side of the S01 wafer，usin曲oth—side ali斡menttec上lnique andboron di丹hsjon

process，fbur piezoresistors were fbrmed in the single crystaUine Si oVerlayer Two of theIn

were located between islands and the other two were placed between the boundary and

the island synlmetricauy，as shown in Fig．1(c)．The resista_Ilce is about 9 2～9 5 kn These

fbur resistors were connected as a Wheatstone bridEe and were is01ated each otller by

the bⅢied Si02 layer The chip was sealed on a glass us血g aIl electrostatic b。nding
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are not sensitive to ionizing radia“on【10|，the output of the sensors is inherent toleraJlce

to ionizing radiation
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Fig．4 ScIlsor output v01t“ge vs applied pres吼1 rc foI t}le applied voltagc of 5 V

(a)before and(b)after主rradiation by 2．3×l¨4 Gy(H2 O)7一。Ⅻ8

HoweVer，we found that the ofrset V01tages of the pTessure sensors had changed afteI

Irradiation．Table 1Ⅱsts the o行set Voltages for tw。SOI sensors and one polysllicon sen snr

befbre and after irradiation．

Thble l O船et voltag鹤of tIle pressure sens01 s bcfore and after radiatiU

Pressll⋯ensoo ～—旦!竺!!!!坚!!翌!——一
Bef0Ie imdlatlon 2 3 x104 Gy(H20)

11This sensor has a coInpensation resistor，so tllat the onginal valLle is zero

The o仃set v01tage is majnly caused by the deviation of the geometries of the seIls．

ing elements and the stresses in the chjp iIlduced by a面smatch of the coefhcient uf

thermaI expansion between the s山con aIld the packa酊ng materials The second fdc

tor is insensnive to ionizing irra出atjon The矗rst fhctor，however，causes non—identical

resistors for the Wheatstone bridge Then，the ofrset volt89e Vos is勘ven as：V懈=

K(R2兄3一冗l冗4)／[(R1+月2)(冗3+兄4)J，where冗；is the resistance The resistivity。f

Si may be a舶cted by the radiation—lnduced damage【1“ Another factoT that mav caus8

the variation of the resistance can be attrmuted to the poshive trapped，oxide charge in

the buried SiO 2 and the Si／Si02 interface trapsl儿，l“ It can cause the accLmlulation or

depletion of the charge in the Si overlayer near the Si／Sj02 iIlterface and hence chaIlge

the resista皿ce of the Si resistors How℃ver，as the oH毫et voltage is related to the detail of
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the geometTy of the sens血g elements and may be a腩cted by many other factors(such
as the meas盯ement temperature)，a quarLtitatiVe analysis of the o矾et voltage vana“。n

with the radiation dose is dimcult

4 Summarv

High quality Unibond—SOI materials are fabricated usi工lg the layer—cuttmg tech—

niques with an血proved RCA cleanjng process．The fiIlal CMP procedure is not neces

sary for the sensor fabrication Piezoresistiv8 pressure sensors with a twin—island-beam

membrane structure缸e successfuUy fabricated using those Unjbond．S 01 wafers． The

sensitiVity of the sensor is 65 mV／(MPa·5V)，7 times larger than that of the polysib∞Il

sensor．After 2．3×104 Gy(H20)irradiatIon，the sensitivity and the uneari‘y。f the。ut．

put property do not degenerated HoweVer，the o行jet voltage has a sⅡght shift． The

p01ysilicon pressllre sensor has a sirnjlar radiation behavjor

Reference8

Collngc J P and Bower R W MRS Bull．1998．23(121：13+10

Dicnl B，Rcy P，Renard S cz nt SeIl80rs aⅡd Actuators A一(Phvs)，1995，46(1—31：8～lG

Mcrlos A，Salltander J，Al孙rez M D ez nf J Micromech Microeng．2000．10f 21 2()4～2n8

Bao Min—Hang Micro mechamcal‘ransducers：Pressure sensors，accelerome她rs；lnd Pvm—

scopes．Chapter 5．Elsevier Publisher．2【)㈤

H11ang Y P，Zhl S Y．Li A Z eZ o?High temperature pressure sensor fabricated by SmaI t．C⋯

S01 nlatcrials、J SeIIdcuIld(in Chinese)，2()(1l，22：f7)：to he mlhlishcd

Zhao G M．Huang Y P，Bao M H．Sensors and Actuators，1990，A21．A23：840～843

Bruel M Electron Lett．1905，13f141：12叭～1202

zhll S Y，zhang M，Lin C L ct札J ScIllicoIld(iIl Chillese)，1997，18(9)：705～709

Zhll S Y，H11ang Y P，Li A Z cf Bl J ScIIlicoIld fin ClliIlese)．1999．20(121：1(17l～】fJ74

Cao J Z Radiation emcts of scmiconducto¨Ilaterials．ScieIlce Press．1993

Zhu S Y，Huang Y P，Gao J X NIlcl Tccll(in ClliIIese)，1998．2lfll：43

zhu S Y，Huang Y P，wu D P“8l Nucl Scl 7I色ch(China)，1997，8f3)：170

1

2

3

4

5

6

7

8

9

O

l

2

   


