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WD 2005/ 104232 PCT/1B2005/ 051293 1 Sem conduct or

devi ce and net hod of manufacturing such a device The

' ion. relates to a sem conductor device conprisin
‘ggégﬁhggﬁﬁuctor body with a high-ohnic semcb nﬁ%%?%? 1293
substrate which is covered with a dielectric |ayer

whi ch contains charges, on whigh dielectric |ayer one
or nore passive electronic elenents, including
Sewindnductn devieeded methad ofimapufaringwish eidavicat t he

| ocation of the passive elenents, a 5 region is
situated at the interface betmeen t he sem conduct or
substrate and the dielectric |ayer, causing the

el ectrical conductivity of an el ectroconductive
channel induced in the sem conductor device by the
charges to be decreased at the Iocation of the region.
In this Ilca em conduct or

subst r at et ugvefl Ibrgla{egs%ﬁ %rgco S (?GXICS Somprising a semiconductor
by it a Highlohmicsdshsdohadosorwhiossratervettictsit coveked wish 4 &EWIG layer

WE}P glgpgtélgg uag!;f%étetgl ‘%—}é’f]?l\g%) g%ilc zﬁftare ‘lﬂ_%f% fg;g%far?sﬁé‘ € ectromc elemenits,
11;{dllﬂi'trg(r:j ddadutdr akRe, &k lslll:uléfﬁﬁ @hﬁﬁ)} zh@‘ge 1b&tioh G?Qe pasive elements, a
viewed as a tentla subst r at or
TOERY Flglal’e{%ﬁt@‘ ierfics be et '35 E?PI‘E‘FHﬂ}l"tE’f EWF%“H‘L}E e liglectric
14y B cMBinY 1Y eméeuwdpédnalycu«r@ of HPS8I6EordaERR RBANS] thilded GPiRe
e integrated, the excellent thermal conductivity of

segnipgndyefor deyise by fhe chamgpnioibsidestesredptithe losion of thsisgion.
silicon gy Q:Esea?p%h%on T‘Q.Qnéﬂ il Wdrkico 8Lt dubktaeal tdR3aken to

15 however, is typically overshadowed by a parasitic

mMEHF mali}élc@h’aﬁ pranicngpeipisul $Wh(§,e tesisHuERhis larger thangs gqual to
oS @ 4058 o th SAGRSShNRs KAWL | B Rfiddi?

esistivity across the wafer.
Those suHigle Esﬁhﬂtyrw&sn (R Bihas fordong been viewed as a potentially ideal

|I| conl,si.lico X, nter e.as result of,. .
sublotag€ PR oo g ooy 0 GuPis ink Tl Ve high-quatity (@
paslslee bdmmbntbttﬁscaheb\imeg&ata% Ctmldddﬁlldnvmemaﬂl btbﬂ_ﬂ(ljlbﬂi\&ty ofwitibon, and

as a e.Cco onen above the el. e.an t
118 S BN i GO GOl op oestrg, Thy Wk Pk sirdRty iSRS,
herereh) &l typiealtyR cdiadoWe®bE Qﬁi‘aﬂﬁ@ﬁﬂﬁbe clafinel formed, Ieadmg to both
accumnul.ati on chapnel This d ? ds _on. the char%;ilﬁt
mt’li‘?%segu%‘?SE%tF ?‘?SE ap %FSSWW‘{F%“’PH Hﬁfeg‘%‘i‘?}"é Subsfralg fesiivyfy pegoss the
wieR) Thbdel MBadethfiBiRls bafd bp Qt&h@élhébﬂ’sﬂ%nﬂhﬁiﬂé%teff&e as a result of

formed, and on _the conductivity t§ie of the
oxida-oaigminationrof interbice slptss, or of aneleqtrad bigs betwaen 3gpaductive

stRed Elﬂ:h%s aE)erswe SERPTHRt, hBHR R I Q8844 thdiliddm, 1 n_t he
case of an n-type substfate, accumul ation occurs. The

25 i nvenlt bis aaply@tlwe#ra@le@m@ldactﬁ@tch@@ebmam’amm inversipn plapnnel

or3d %@cu%u?ag%h %ﬁinﬁé PV H&?en@éqgn fRe O dil1B&rit ¥ @r whlch in

nment1 one e openi'ng paragrap are nown
pracioa fregenihnisarposifife ¢hats, 8114120, n-fypbétiaghed ds ormed and on the

co%)ﬁ/c%wgg{yplgg t%é sérmcgn%ugtor Qu%%t%laqg Eé]th% c %S ' lggcgr‘)qo&blsﬁate, for
grven
exsmplstm\atmmmcurh, whﬁ?, mthe\uasiaecd‘ ammttppeesuﬂmtﬂltee atouinnlatiay eccurs. The

mY%#Jh%Q%%%g%gﬁi§§ﬁE %3%5 .§XLd%§%§X§&ﬁgf whi ch wiring

A device and a method of the type mentioned in the opening paragraph are

* known from Japanese patent JP-A-08-316420, published on 29 November 1996. In said

document a description is given of a device comprising a high-ohmic silicon substrate which

is provided with a dielectric layer in the form of a silicon dicxide fayer on which wiring is
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2 provided. In order to counteract high-frequency
power | osses caused by the devel opnent of an
\&Q¥@%§iﬁ$ or accunul ation |ayer at the interface
dh*Phe silicon substrate and the silicoRCHLBNYEs1293
| ayer, a polycrystalline or anorphous silicon region
is situated at said interface2 which region is forned

by .ga gi Hg the crystal structure of the silicon
by ?ﬁ% Wdgyjo soumesses high-fregHencKpPwer lospoiTusey thedsvsiepment of

dnfibeerdiet GREaeRMion I8%r ShAE B riabehtw itk siliéh sibfrate and the
locatjon where they are situated, capture the charge_

Yieon fioxkigdrver. g obrryalingor amephous ikispreresionds siated ghepid
ihfdigcel Wiich rdgiod i€ RMABE b} MrhabingQhe EYGM hAGHI of thd Wifiloh WRstrate by
the channel . A drawback of the kndown device resides In
Teras okigrrEmplarariont Tha repion $ims iermep conppidses chgrgectaps which, at the
D R RR el ARl SO e R B B Rl o B GA channc
foyped cand ghustlingt ity eondvwativityvas gvéndncally éntefiunt éhei chatmgl.

provi de a | . [ ' . . N

par ar aph- e 4 BibrkBSice BRI PEE ool RRATNLE:
pohddmsobintlccortsgvad itoa rddnctionl cthpeatfectinelresistafce of the high-ohmic

¥y n .. The invention also ains at providing a
Séﬁnﬁ%#de]&{oﬁ%%%%%&of manuf acturing such a device. 15
To. achi evin dhjecs of the pasadisiende thereford o providakidevice of the type

devi ce.of, the.type ntioned, in the  openi ar agr aph )
e o P Tl ORGP R T G B oE Bk obic
beltaviodl @pORidet SimifR Af CitviRistafs. PheSfvantibMSlsd Aikisigproviding a simple
teri,al. The.invention is based, first of all, on the
I‘%@P@é’ﬁ@?@ﬂcws“[’]ﬁ%dﬁ‘flﬁ%l em of the devel opment of a.

sem conduid RhicGé S intdcBordhrch wath 1RBTenBiBA] £Vt WEthe type
occurs.in particular in 20 devices in which_ also

* " » (] v C -
meptioned iyihe PoTung RepAsFARk 15 Fheraciiges il thefegipp is formed by means of-

d8RRieR Bt Conrishoiemi-TiGlatias fRkkAL €d processes
sonetimes require a conparatively high tenperature
budget, paeiverficnis pasd, irnfofislgimihe rgogmitinibat the problem of the -

ACRMIERA it alsBHicBERERS Subshiat BehMBbwl: d%ﬁﬁé@ﬂﬁe &cuf in particular in
h bl es the

conparatively high tenperature ena

deviges inawhicihilpqsegticanductpiotigrenyssare int¢gmtedin therepnpeandyctor body. The
. ) . o
s A rBeosted Sort MBS 6 ook Ballfd PR b B Bl
particidarlyes thetbegiining o€ the tpaufaciuring propesefA ghermal treatment at a o
' bec . sible. The
oGl A MG Finfc ANIE] B ESCHR Ry BARE ply st fic or amorphous
regiop of the koowmwfievideao be ggstamed, tadibp 652 mdhdtien of theicoscenfrationef
mat erial used, for,.t r.egi on. hoosi a so-ternmed
o fetobS aa et Ve B Gheien o SR aRomaftods Rl Poebmes
pdsgigieon, it can be achieved, on the one hand, that an
30 el ectrpconducti.v hanne] at the l[ocation of . th .
region i ¢ GVFRLGL 1, %ﬂ?é"r% ony tf%%{ﬂ“%&"i‘t??@l tf;g B??It“’iné’g theregion

enabladla frée dHBRc DE THeGRASHH hSYd fHURS tpRh By ThfdsimR BB Grinél bdmi-
of a thin |ayer of such a material 1s sufficient for

ingyating materiabes thematerial for teregiomé cas be trhievadioa iheanehgyd, that an
el&XBédRkhciRE ShhnielHt 82 location of the region is formed in the semi-insulating region

rather than in the semiconductor subsirate. The conductivity of a thin layer of such a material

is sufficient for this purpose. On the other hand, such a material may exhibit such a high
resistivity or such a low mobility that the channel formed therein hardly, or not at all, leads to

a reduction of the effective substrate resistance.
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resistivity or such a low nobility that the channe

fornmed therein hardly, or not at all, leads to a

‘ﬁﬁduc}lon of the effective substrate resistance. WD
68143582 pCT/ 1 B2005/ 051293 3 Final ly, the1"3““13-"50"5"’51?-93

invention is based on the recognition that such

materials frequently have a cpnparatively high

tenperature budget. For exanple, the region may be a

seni - i ns ieallynthe invgntism inbaseil on dre resogwitiamiatsuch sxaéewa’é

ﬁreglgz'nﬁ? hg%ya 0%91 fal%lgﬁfi h}%)ﬂ tﬁ%{?}&éﬁﬁl@ i ef. 23%1' example the region may be a

nsul at I ay er
smmoaﬂgtmabgww $i6 onfddiagiohd)e Slwh 8 rnglom m@h b@ ﬁg@w he pgterning the

{%Slha}].étﬂll tlér f@ﬁﬂﬂﬁs Cé%@vl&&ﬁﬂ %‘Eo{ﬂg%’cﬁ]ﬁﬁé ﬂ)‘?ﬁa%&:lsilﬁ: rch case the

- t
rdsstlmy cyxnnqtshe ahﬂgnébpresc;g‘@ﬂphﬂmm Mokmgeavgay,es:.lﬁeseml—msulaﬁng
h [ J t
B bl o GRR AN GBE Bl W kb2

tqmlﬁfaﬁlré-iddamdd‘mﬁlamﬂih’t otﬁolﬁ:mﬁxmdnmmumlmone in
|nve -|nsulat

d t.h t.h
ot or | a1 167 PO ORR T Ao BB Pk B Py wit e
if¥éntfoin| 1he 8¢ini-ihSllaihg nouseor thSﬂéiﬂﬁ)SI&:dn‘@@fi éathprised milktirs of silicon

known under the nang "SIPOS" (= Sem-1n 4 N . .
anspRygety Sheh 4 W n&%@h IsiggEn ffrﬁlﬂ(ﬂ‘?f“ S5 Semipsuiaing
Pép&yRaNBe ORfAerBdped Sircn) A8 alsh @nded AR dagl d‘POLW@C@e’ii h&s n-the

propert| es.and, on the other hand, can be readil

laeohaﬂé»d g {esirelbprgpesties and e B¢ otherfand, can e gadily foxm

YitidrPo M3k Ebhnipte, aﬁﬁequygeﬁmg% a&fed%k %eﬁ%%& maatm a gas
con I ni ng an oxygen-cont ai_ni ng conpound or exanp e

| c@%@n@@uwgém—cw%@a campound, for exagpian coustoandefewmasy gnd

nifrosdpl t ably deposited sem -insulating material has a.
resistivity in the ran bet ween 10 kL2cm and 30

GS2cm- addorp gerfeeallab? spital ytdqposr%a}@nmh@é& mptexEPhagp resistivity © -

mgﬁeglg%%%eegelﬁl eria %IJ&Z’:PZ?@XSS@{B;‘%%EQQ E%ig pur |’Z)OS1 Maem :

arfddlr GOxXR Besides thdHoeathenfionRd SIRDS/POLYDOJE mlsmwheb matetidisdre -
to SI licon in 20 a suitable caoncentration. Al so
ﬁfase XEpPIE; lpf%irpof OBYEFGH s l?ﬁythﬁ&&sﬁi to silicon -

a EHI0 bondehtratidBCERS AfiMtureSthBhorRbLomslicon, V1§ Berimd mtrogen and/or, if -
“ger mani um or carbon may form suitable sem -jinsulatin

negessEy; ghe e eAleﬁ’fséfl@r FSSGTRIER P, parhqy mayform suitable seml-msglatmg

. mgBRds.i nhsul ating layer is SiC, which material has a

hi'gh sheet resistivity in the 1011 ohntm range,

passi vat Arngefprepapteriddonte suai-inrdming lyeeis SIG ‘ghlph I@afﬁnal has a
B R o e B K Ao E i EPTRES g P igh-ohmic
Sihcen]selrsa‘atmaedI@mmhaaltcallﬁltreSSdepom tion process (e.g.
PECVD al_ a..J :
) sodnd AinofuloR e HESHRBY ) cnbloh 83Phe ddhued 1R AYGH

bel ow 36 ressive s I ne
temperainmdﬁi doeghafibié deposilibe psicessgs g. REGVIDesofthat uliew meekhnirabistress
in 1 r?ﬂggtb'\iggfp‘%@ Waoﬁompll’yssfntrees essr)1 1is(:)oblta.(i)nvgdt as-deSos?t & §ifids. %e stress

can be further reduced to 20 MPa and even shifted into low tensile stress by a post deposition

anneal at 600 °C. There were no resistivity changes after temperature treatment.

The SiC layers have excellent etch resistance to commonly used wet etchants

 like HF and KOH. Patterning of the SiC layers can be done in conventional dry etch

equipment, using fluorine based chemistry.

kg
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30 anneal at 600 C. There were no resistivity changes
after tenperature treatnent. The Si C | ayers have
cellent etch resistance to commonly used wet
"%‘?&Wﬁ"ﬁ?‘@ like HF and KO I. Patterning of thePST&B2005/051293
| ayers can be done in conventional dry etch
equi pnent, using fluorine basegl chem stry. MD
2005/ 104232 PCT/ 1B2005/ 051293 4 It is a nyj
advant agelt tswamawha@am@@ﬁb#tahlampﬂaam ataldp 8 n@glwwmi@ﬁr can

e ?gcﬁrﬁdeﬁ A thed 5]9'}{%0 d&thc uuaf"‘ sbs@dis 9&@6&1}%&%&96}9%9& Bfocess of

strate ver early int front-end process of
theemafudastuning of thsfsemisendisior dmﬁh@&cdemr@én bemre\ﬂér@rwr foa
doﬁéﬁ tﬁ/@ftqodjﬁmgz{l gﬁsg %gg«ran Q%n'g%& &‘égglfde gc\%f)gfég acﬁ%ticﬁﬂ 3k H&iﬂmts usually
oamrs Méﬂghdnmpératmp abavs 708 degréey (5 typiediinsa Jangdheg»wen 900 and 1100
enpek at ures above 700 degrees C, typical in a range
(%%?meen 900 and 1100 degrees C. The excellent therma
stabilit yrhmfexbéihnﬂhﬁnﬂahgtmmy ef terfiC ﬂmjbr mn:ombtnlatnbmmth Tow

PR bty S G S tetfat i s SR AR R e

" ivblgey BYer. Mﬁ»ﬁeoﬁb:@thb&)&etayémﬂayﬂﬁ; wegy thirt hl aﬁhzbﬁa the kurﬁvepasswatmn

he . urfac SSI v . uni f
Tea RO PF HBTRRHT LSTEWEERON T Toeah b & dsoited @ipd fogmation,
ldrge Fingho fe® BHBALd KB bvoidedEIE tﬂ@teﬁsmneeseo&ivauisaaﬁm Iavaidekelissue as
But there isn't an electrical isolation breakdown
forguriese delatiog laysisy f ace i sol ation layers. In a '
particul qﬁ'a)baﬁﬁﬁﬁflﬁ?dv@raﬁmﬁﬁbﬂﬁ{&t e Rp6sR® SrhiSfsulating reglon is

sem -i nsul atin reglonls situated at the bot t om of

situstesps the betiem of mrecpes fased dbn g sermispndiigies sybstrate. By virtue thereof,

tﬁé' b 16’1?04[1*]:%&8191‘1% it 2 vk %mﬂlﬁghﬁﬁh&% wWAf bb @hﬁﬁ&e& Heré‘in‘ﬁ@l@% In:
[ e manner, as w be el uci'dated herei n bel ow.

additm stmh a Teqeshean heé@aéd:s ugeg o Bvémraesactpwdm@ iseJatiasy Wh’&h may
be Qseh?f %1&1%?&]%1&&9 sa&fcﬁ’ Bs di ﬂsmt&?, éﬁ’éﬁ)ﬂﬂétf in the
sem co or elenments, suc | odes an

samlavmlustpob(siy saeetofprintegrated tltemn sem conduct or body so
as to beg oy S%t%%civ%%édﬁ‘r’craﬁé ¢ s@m%!&g&lc‘t&r%&& nprises 3,

nodi fi catlon sem con y conpri Ses
sagcongiociduepion withgine or mtets emmenductmlemea’s ritegratdd themin

el enment s j,ntegrat gd, t herein. [
ooy bo.  dbRsasoadciet fElf phy b lSmRA By A Bk Bk ERon, bu
alad dedwszdapd&epasmc eIEhempaadudaﬁg edrelnetot sacks wihich ahnaygfonn e.g. a

conductqr track forme. r
ARG e 06 GHINE B PG STra REEY tBh R Bl gk o nclude
clbibniy\klich Bs tapyicifirSnd doilé ard @refi@hidireiniastedsitialpad of the device, while the

capacjtors and coils are preferably situ LN a part
infperajedeserpisppdieton glamegtspfosituaigd nanogie éPeé'Hoégﬁnguct or

el enent s padigrably! e te@bn! cOmPARS RSuribaF of r&imélﬁ%eﬁﬁété@ﬁnp-shaped
Preferably, the region conprises a nunber of nmut ual

subgrpgipns Ad agesultpa %ﬁ&p@@l pagtef-andeesvien ormscumylgiqy channgl | fhrmed i
sﬂ% g ﬁx?tm: Féﬁl—lﬂ%fl&tm%freﬁ& YRkt RInOthe WnREGHAWRE oA Fhereof extends

channel ornme
preferably substantially parallel to the longitudinal direction of the passive elements, such as

conductor tracks. By viriue thereof, the operation of the region with respect to the relevant

conductor tracks is optimal. The currents induced in the substrate by these passive elements
will then cross the sﬁip—shaped region/strip-shaped sub-regions substantially at right angles.
In addition, sub-regions may be provided which extend in two mutually perpendicular

. directions. If the strip-shaped regions are situated in the above-mentioned, so-termed. = -
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Situated in the sem-insulating region. In addition,
the longitudinal direction thereof extends preferably
substantially parallel to the |ongitudinal direction
WP 2Q020433%si ve el enents, such as 30 conduct or P¢HERRE051293
By virtue thereof, the operation of the region with
respect to the reI evant condugctor tracks is optinal.
The currents induced in the substrate by these passive
iselatiore trersheapitieh titehiere nreforblytpnesengtin the-pari gpthg device where the passive
SLL
elrer%%lltg e piese ag g%ﬁ igm’%ﬂ <r9f‘ g%{‘%e@éé%%& g#%%até’& J,decgﬁﬁuctor
eblmnenxh a&);ir@:mt Inrthe laaenpatt@&theﬁepeﬁ! leerstiiie shiaged sub-regions of the
ciions

t ted

g e Ryt Rsa Y B PR A SR 05 ©

PCT/ | BZO%ﬁﬁ&b&@Bma@fammtal semiconduvidndsyict trempristogya ar e
Bkt 3B Sheth A IE 0 S EudE) RSPURRIS -
oﬂ’lﬁictsbﬁmdﬁdﬂc&ﬂ sifanite, 4ol Iend: ﬁl}]ﬁglre @??d/emumﬁm dismienis, mcludmg

el ements_are present. t he er rt .o ,
cqndysiEtracich arepYifec gt e Byery Pifersifet 5‘]&3%"&2?‘1 Qifhe
pRSIVE eleShis 341‘6@611 pebeddal tHetedide béﬁvean e -skiicoRdlictor substrate and

channel stop met hod, of manuf acturjn
the gl %ﬁfdaxqrxﬂs ad@viteéwmﬁqr@s RGeTations Eigic WEE’%‘?faBody

wa%sﬁ@cﬁveddhsﬁ&q: InkdthSed ¥R seRRBRIC R B8/i€d B 18€ Eharges is reduced at
formed on a high- ohm c sem conductor,_substrate, and

tb@ Areatien ﬁﬁﬂﬂ%feﬁ!%slﬁ gharaqtesized ByAceordinsrrihdhe npeAtign frgat the region
ghé\ﬁlg&régomtﬁfng?ﬂ?{ %ﬁuﬁﬁngsﬁht@nﬁ' i€ 5e2&ckddi 48 the material .

[ ocation of the paSS|ve

Iayer

: fog Ittmem Preferablyi papixtyre pﬁwh@m aad oxyaeniinghepinas dhayemjpinsplating -
eu% en1conductor substrate and 10 the dielectrigc
ayer

as a result of which, during operation, t he
conduct i \Ad.cg'rdmg tan pre&mdtembc@mmc i the sephigendartor swsteaiia recess

-:1si£{)1rme?% e A Oor}%(fc cﬁ%}led%thb% JLJﬁFati‘ﬁE g}?&gls aﬁecf (gll'hctﬁﬂl semi-

ocatiron o e region acferlze

: maﬂmrg:lam és depbdited hmthersmé‘mtuoditheudevmma welhas a@gﬁ@nc law by

f it
o B A 50 Bl B p BPp R F o My e
oﬂ%hefn&ﬂaﬁbqhanﬁalmomhimga itoWhish pioces tbqﬂrte nﬁ@e Bemﬂnﬁﬂﬂjmg ﬂ‘aycr and
-l nsul a cording to a

d‘%l"%‘?‘%f PEY M?)ﬂ'f“ﬁ@h ntgiidﬁ%tf%ﬁg‘%gsgw Ee&‘f’d'ﬁgt or substrate a

recess $ah@kbRAndiffidaten, (& mswﬁtmgtspachr is $oraed &y eubjavtingthe
an |nsulat|ng spacer,

il oSy S Tt BlO P SR Eep o B gy thormal

olEVfofrRe P thiFcttoADf thedb@kEie tréﬂl&veh ayfk bPeaBAagis6topic etching.
which the recess is filled npletel wher eafter the

devi ce i grqfsprablg,rq paglpf y%p SERIrsU ggug)lfayer "bordering on the surface of the -
de%kb@'ﬂ ?eﬁeaqﬂ@ra' &aéctmeggﬁ ib§ ﬂleaﬁsfbf‘éﬁidﬁﬁorpr ocess the

parts of the sem-insulating |ayer and dielectric
| ayer thZhesgrand ethenpspests Qf&h@nu@tm arerapparenf fprmpand will be

elﬁc?tﬁg?é/cﬁgrth }e ré}lcé gd %l;% BIG cm?lgﬁtg H&%ﬁhﬁherélﬁ?tei‘ nsul ating

su Jectlng t s and the
botton1of the recess to a thermal oxidation treatnent,
after which the thermal oxide forned at the bottom of
the recess is renoved again by neans of anisotropic
et chi ng. In the drawings:

Fig. 1A-B is a diagrammatic, cross-sectional view at right angles to the

thickness direction of a semiconductor device in accordance with the invention, and
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25 Preferably, a part of the sem -insulating |ayer
bordering on the surface of the device is converted

into a dielectric region by nmeans of oxidation.
WA #32 aspects of the invention are appar eﬁ?T’fff’Bﬁ?’osu”
and will be elucidated with reference to the

enbodi nents descri bed hereinafger. 30 In the draw ngs:
Fig. IA-Bis a diagrammatic, cross-sectional view at

ri ght andliggAtsbowhthe ctipricitnse ysliagie charadieristiof and Fig. 2B shows the

oo R BSE e £ EEE PR Byl opT) W E G Hsutaing

ldyleoftSAP acdordnge tlmilntrmyenchar acteri st| cs and Fig. 2B

shows th opl an )
surface 3%\%? sg‘g‘ﬁglﬁ g‘%&arﬁ‘% t%t)ﬁla %‘!Ssg(glu a% Umﬁ sutfibe
phsﬁﬁﬁﬁoﬁlﬁy §CG111ﬁ¢idm idebbRition (beibt’neblpmimethemxahproé'esgng ﬁlchﬂhﬁ’.vtbm film
the. att at of colanar transm ssion lines with

depositign @ cﬁ§F“§Cth|n fil m deposition
before bime |4asho®m& %hs@é&gﬂﬁﬁd fagordTan Didactohbma high«whmic

deposjtion_ after_ bipolar thermal processi n
SO E RO (LB R T2 T LT PORE GoH AU U (RS surfuce
adtofiin B MhCinver@bm.conduct or substrate (HRS), and with a

sem -1 nsul ating | ayer passivating the HRS surface
accor di nd'i& § shefes ¢ ihametice 2 tayelmagvavs anpbiier cirouit with spiral-

RIS RlldySeQfong traveling wave anplifier circuit with
spiral - “i nductor del ay sections

phot ogr agtie. 6fshewiea phatgraniaf dha ﬁaHWFegﬁ@V%évaX%mPhﬁ@r
Fig. 7 shoys 406 t{ﬁ@ ARk RS &%E@fxgtfcﬁ bbb ?ﬁt}%tehlﬁ%velm I%rsave

dlstrlbute travel I ng wave | er
amplifiesof Figué bmHBSpraﬁt@umfamaSaVﬁiw%d\HRSwW% pyrfpee passivation

a&%ﬁﬁ%t%‘iﬁeo englgn according to the invention. Fig. 8 is

cross-sectional view at right angl es

- to the t g ISneaélagIdmmauc,l corss-eéctiong arisvnat righbanglembnthe dfickness

a sem conduc evice.in ac n t
FSrPRRPT DR S el G 64 Rp LGl bt i e
in@élﬂm;zsﬂCti onal vi evvs at ri ght angles to 20 the A
“thi cknes irec art refere Fi.
i succedisn,biigougds e ol RS FPERERR ek f i ais o
the lﬂﬂéldieﬁﬁiﬂectﬁlfn of alpait hﬁ‘éi‘eh@dabﬁl(ﬂigl&lﬁ&umehdivd dtegzes of the .
sect i onal

m%g%%%;e %gn% g'[ll %P‘%]@grpéq%gg a g:lt? rg?nn%mc'étﬁlﬁ;ﬂc Swith the Tvention.

Fig. 16 is a diagrammatic, cross-sectional view of a co-planar waveguide

(CPW).

Fig. 17 shows the losses of the co-planar waveguide on three silicon substrates
of different conductivity.
Fig. 18 shows the parallel conductance of the signal to ground through the

dielectric layer and the substrate.
Fig. 19 shows the parallel conductance of structures with a semi-insulating

channel stopper (SICS) which were subjected to a temperature step at'different temperatures

and for different periods of time.

Fig. 20 shows an alternative embodiment of the invention, wherein the
insulating layer at the bottom of the recess is removed by etching before the semi-insulating
layer is deposited, wherein Fig. 20-(6) shows a structure which is used to measure the effect

of the semi-insulating layer in the recess (STI).
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Fig. 17 shows the | osses of the co-planar wavegui de on
three silicon substrates 25 of different
conductivity. Fig. 18 shows the parall el conduct ance
%‘? 2008d94235nal to ground through the di el ect r PET/HBA)RY051293
and the substrate. Fig. 19 shows the parall el
conduct ance of structures wthya sem -insul ating
channel stopper (SICS) which were subjected to a
t enper at Lifig Htsbpwathe diststanreef the mmereioa chanoel as 3 Gunptign pbihe

fer erlods of time. Fig. 20 shows an
Vgit% Bror]11a errbodl ment of the invention, wherein the

i nsul at i riﬂgl?ayshowsﬂ:e tdsfstdncxt ofithe mersihe chappelgucaired ata gate
r £V n befo m.-jnsul ating |ayer
vlogaggé’ g %lne‘g}fgre tvga rﬁwl’—'t efléivnghows a structure

ay\,hi chis Sisﬁ&eh@ vm‘as lsmthotﬂtbe mi-émeioh; of the

i nsyl.atin he r.ecess. Tl) . .

63005/ 10428 shor sraYenarBbo Gt pt HrphesliRoer Gics) n
atcosdastoniiethefinveligon. Nver si on channel as a function of

the vol tage ereS| ta ce

t he gat Fi 2 shows t
of the |rﬁigP§|d?ff$T3€H3 W@ﬁy f@gfgﬁ B PapmSters fyich uenced by

118 seRi-Yas@Btinh hje? ieihb SRR th a high resi StIVIty 5
Si reference wafers w thout the jinvention; % The

a)

same Si g -ef sheys the diode st ﬂwgtﬁﬂf%mﬁg%&

apt opper Q&@emw@ﬁl@qﬁ@ﬁﬁ@@ wi th the invention. Fig.
23 diagranmatically shows: a f ew paramaters whi ch may

bhe i nf | uetithdhe spmi-ipsylatiog shamalstapaes G4 -Payer in the STI
structur %—1 59 vk thgé _yre NS sthdE, ﬂe?éil?aﬁ‘éfef&@é without the invention
illustrated 1n Fig wherel n ﬁg ref erence w thout

anchle) with/be Sﬂnuﬂnsulﬁﬁnwlamf infrecardanice with ticdpyentionhannel
stopper (SICS). Fig. 25 shows the p-well resistance,
wherein a) reference without the invention and b)
with the serri -i nsul ating layer in accordance with the

inventio r c _ |
sone di lgur § ﬁ a\%ﬁ SFr‘r"'glr?sq‘lg % ﬁ%ﬁf’a‘?&e{]ﬁ 1 %cﬁ ﬁ?ﬁﬁ%ensmns
indthe thidkinexs duaaten,eamg:g«ggm'edi fdr@iamy glotrbspondiog regEms koparty in the

LLeqi t e fere t
atrefhR B B Ml by e Shh S ﬁ%m%gmagfefe%?ee%%%
wﬁemmqiossﬂﬂ@ vvhenever possible. Fig. IA-Bis a

? Ih:gr a % ‘iA—ﬁ Esoasdsxagsrggltnlat?p %lrosg/-lseecwmaaﬁ v1ewgatc]}'1g1?tna%g1%s to
thickness direction of a semiconductor device in accordance with the invention. A

semiconductor device 10 comprises a semiconductor body 1 with a p-type semiconductor
substrate 2 of silicon having a resistivity in this embodiment of 2-4 kCQcm.

A 100-nm low-stress PECVD SiC film is provided on the p-type high
resistivity substrate (HRS). The SiC film provides HRS surface passivation prior to the
device integration process flow, i.e. as an equivalent to a starting wafer in a standard silicon
process.

A Novellus Concept One PECVD system is used for the deposition of the
amorphous SiC films. The main deposition parameters used for the SiC deposition are:
temperature 400 °C, pressure 2,25 torr, gas flow 100 sccm SiH; and 3000 sccm CHy, and
power 1000 W (HF=500 W; LF= 500 W). The deposition rate of SiC using the deposition
parameters mentioned above is 670 A min™" with an uniformity of about 1%. A refractive

index of 2.4 has been measured for these films.
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t hi ckness direction of a sem conductor device in
accordance with the invention. A sem conductor device
10 con‘ﬁrl ses a sem conductor body I with a p-te(Pe
WOMOYEHEct or  substrate 2 of silicon having BCT/AB205/051293
resistivity in this enbodi nent of 2-4 kO cm 25 A
100-nm |l owstress PECVD SiC figmis provided on the
p-type high resistivity substrate (HR§¥ The SiC film
provi des FiRshestiresigddtypefdhd Yigtlibors priho 0 t ehpgre range 4 ke

‘ rde%a%ﬂ:.raﬁstt}egsqfl ergfg@%ﬁlow MPba (%omar%ss"i% B }é‘%b?a%edtf& #-deposited

starting wa a Stan ard sificon process
fikiosy @he stsesmdvepfurt‘t@ ecdpEedvD26 MR ieven phiftedfingp lqm tensile stress by

agggggéqs u%n &eafzg%?oa@ anor phous SiC filnms. The main

I'on parameters used for the Si C deposition are:
t enrper at dnﬂnsﬂﬁﬂacﬂ;mm e SiCiregiod. I8 farmad by patetdingthe 000 nm thick

Cl:L
STRERBO OB Bt Dred syl R il oidiesic s
doimityghy ehid nmi Al regutvaletcatier @D ine fomiraf 60 eand

670 A ni formty of t 1%
prereuitl Ganbinthesgie Hows e 7sedn B sehlire e 19em 02
films. V@mﬂ@%@h&ﬁaﬁs?an%éﬂ hR2FED hATARI Iras SrcldieedSHESIC witha -
reS|st|V|ty of the SICfilmis in the 1011 ohntm
wigrgEy oA3%ow  mechani cal stress in a range bel ow 360

MPa (CONMXTRS Bie\SPC SdalicdSsSik fhrtne@bhabdiivd dévate 1amaﬂesaaafet1 Q&e Fig.
films. The stress can be further reduced to 20

14Y &nthisrophodipenhi Bipplanfransisior femaiaciiged, put the fyegtion equaqu works
m%@&ﬁﬁdfh&&r%fﬂ?%ks @cﬁ@@ BiCMOS, rﬁléctutétrﬁma&% BPEHy dhepl C

region 5 is formed ypatternlng he 100 m t hi cK

seatiemgpeersclanat mayehctuad priigdertedneleey.s used as etching -
mask. Paigie Eﬂe% %If Rficon residtlvitrdsts ﬂ%&@esgyelgrvﬂde stpace-charge

etchlng N an reacti ve on etcher
regioneof the ccﬂIBCWﬂﬂ:tstr@telepmlané besaug. af surfse ﬁhmmﬁ@f@% a special

p—&eﬁv\%lﬂﬁﬁ %‘mz%n Q@exg: thte%rg &f&‘ﬁéﬁ@sg%&%}# rqﬁeer?llt tfi‘e% Waéed. A 3-pm

con Ions an € rate o

- dawp aemneupédp-wsn @itiviatpealadopi aonedngrpiintaf 2510'306:° Af areated by -

g o f ot . !
b B BB o RGBS s, o
thbs jnodeaded prtppnsdo@hxgrlemak anoaunlidagl tremsistior ldnads toat ﬂwoiwmoﬁncttd:reaubstrate

BT R RN T T TN A ——

thé @/afee ourhde (Tg. leE)emsnt manuf actured with I C technol ogy

15 Since_the ve sili,c n resiLsti.v resy lts

excessi vg}ﬂiﬁeﬂ\}i‘e&%grgf)e&\%%g Etﬁ%“'r‘ﬁa % CLIF’;?I fant and drive-in,
n-86eli &% bisttax ?Lﬂ%ﬁ&{ @blfof tHOBle ]bioiﬁﬁ) twm@@@eae 96wawff3aﬁm thermal

channel ects, a specia p-wel | isol ation structure

0"1‘45’@“6@?%‘@““&“@@’?‘5@% 8i08e transi stors has been

devel opegpe ferRrdMce SRR dAPLO Qccgﬁf&%‘% Bre¥Bvdntidh lsrboﬁlpﬂ%@ vith
dopi ng concentration of 2xI0 cnB is created by
wafer sections that were not passivated (reference)

In Fig. 1B a dielectric layer 3 of 0.3 pm SiO; is deposited over the SiC region

The bipolar transistor is:further manufactured by implantation of p'isolation,
collector pedestal and plug, emitter-base regions; deposition of surface isolation and contact

window patterning; thermal activation of dopants at 950 °C.
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i npl antation and thermal annealing prior to the

formation of the n+/n collector structure. The 20 thus

i ncreased p-type doping | evel around each transistor

WR AW harrow col | ector-substrate space- chBf§aB2005/051293
regi ons and channel stoppers that prevent from

parasitic conductive channels at the wafer surface

(Fig. 1B). Subsequent processing steps include an n

buri ed | ayescondmieeitic fayer 4lof Q2 pmRiO: rs-dipgréted Srer the SiC region 5.

epita rench efch of the nzepi. into theHRS . .

P8 kiont 5 Buip BSom il flind Sh a R Rnne of scive
desite @icedonficciingg? parthith comtinetaizathdayzer f or mance of

t he devic ccording.to invention.i 0 red W t.h

waf er sec qpi?ﬁlgf Wwvgtg%@g’? @éﬂr@ ngé@sﬁr?/%%ﬂﬁfﬁ’régggsﬁé‘ﬁgg)SI.JI%ace
chadmé&li fBrmdiiBn avéte @ied Fbi charatianiation parposds. igreleSir6idnisctive channel is
.deposited over the SiCregion 5. 30 The bi pol ar

inducgddn dhespmd-BsplgiRgfEFiofanuf act ured by inpl antation of

pi sol at i g, 2ACQ0\WE BlebriRRAT calacikide Pbltige f&Thd 10Bmbs& SiC
regi ons; deposition of surface isqlatjon and conta

PONAORD B BRRORIR0 gy FRbD Gy QU oo Mo b P vaihout the SIC

paseiation Her (REARILEHA232 PCT/ | B2005/ 051293 9 A second
dielectric |ayer 4 of 0.3 mSi02 is deposited over the

Si C regi d¥e-2B shpys e geplanag gk S1ide dtopwtion @s » fmetien affpguency
FITRROB Gl ik R i€ E)ngggt?noﬁt r Eﬁ&ﬁﬁﬁg ole Rifefohi(¥8nd 49 \bCBe wafer

I nterconnect In a I C seconjfj net al ['1 zat’i on
sdctigusrwithOupthe §i¢ passivatiogdayde&efecmey); which are *
articul agl Lt : | .
P ?hf%lﬁﬁ%ﬁ?hgsiv\c@d@‘?@ Pfofvfﬁgg e}éceﬁgﬁ'aﬂ%?gﬁ&f ﬁgﬁxjeé)& 1-2

were use racteri zattion pur poses.
dB/centprio 30 iHrodompared harhéB/cinswithontianyadssivatipmdBesides the reduced

i T i t i .. i . i - i
<55 DA%, R P s SOOI pbBt s,
atpeasationatd dgnificantly redocdredinpgret ¢o thh @on-passiveted wafea yectionbs.

b) f : f ti . WLt hout .t.he. S )
b vat (o 3580 i §PRinelit R oBlofe qng aftr ppotar thermal
proogkiagEbotinRY® o shneatibantiai valte, asd both theadWnttafuation and the

frequency . for the 100 nmthick SiC passivation |ayer
asé%%?‘ﬁﬁ""\%“?%%“ﬂ’é“? RS -on (a) and (b) for the wafer

. sect i ons inFigho e hda@r&l GuafifsRttsai(QYbf 4 AB@iH inductor (R=321 um,

(reference). The_surface, passivated CPW provj:ded . _
Ne2)oB @™ iopEFHEES BAFFATGR AERShEPD 1Als0 ShRSRS (i Stepdad deviations

520 GRAPIEY. Tle bRasuBeddBhefWichMpatbd Mty MR SiBdukdoh B? using ADS
Besi des the reduced 15 attenuation for the surface

MpmsspaighHBS hnlkmeneriics @f {IPHEPAHECHEr anet er vari ati ons
I n attenggf fn%@léa?é'ec%pﬁélgﬁﬁlfc{ogé Qhak a8 @ié%ﬁ%tmrﬂf@j #6k ihproved

t he non- passi waf er sections. Fi shows t hat

frarh QeEIXC@ FHEI 182035 Gieferante)to Qnesé @25 GHEXPS it b Fogthe
reﬁilaﬁ 5h surface passivation. So, optimized surface passivation and design can provide
more than 2-times higher inductor-Q and more than 5-times lower Q-variations. Surface

passivation not only greatly reduces the effective substrate loss but also lowers the spread of

the characteristics of the integrated passive components.
Fig. 5 shows a travelling wave amplifier which was used to demonstrate the -

. feasibility of accurate parameter control of active devices and passive components as well as

the effect of the high inductor-Q. The circuit was fabricated in the 25-GHz bipolar process as
described above. The effect of the change from the standard 2-5 Ohmem low resistance

[ PN
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15
amplifier fabricated on HRS with surface passivation according to the invention show an

20

25

processing) both lead to the sanme attenuation val ue,
and both the CPWattenuation and the associated
vari ati on beconmes optimum 20 In Fig. 4 the neasu
VR AP 2BHct ors (Q of a 3.8-nH i nductor (R—BQET’h?Z"OS’“S””
N=2) with and wi thout surface passivation are shown.
Also shown are the standard demi ati ons from 20
| es. The neasured_val ues are conpared
%b%t%%h tody4 iQhmem ATRS subgtrnshadnoalisip! W@been ulae blpolar transistor
RERRELS (s8STAI hNPUt paranmeters. For integrated spiral
i nductors, Qrax and the variation of Q was inproved
25 from me( @.5 GHz)=13.21.15 (reference) to Qrax(
@. 85 GHz) 28 i&bmck for the region 5 with surface
passi \Lalib8epar T PARMAETERS surface passivation and
desi gn can prouwd& mmerrt han 2-ti mes higher
i nduct tines lower Qvariations.
Surfaceeta paSS| vats on naie only greatly reduces the
effectﬁ‘({ggéubst s4te | 0og8 but also lowers the spread of
the ch teri stsscs of at;he I nt egrated passive
corrponginf 30 Ffg. 5 %govvs a travelling wave
anpl i f p@tvieai ch Was uséd to denonstrate the

f easi brty—et—aceurate—par aneter control of active

devi ces and passive conponents as well as the effect
of the high inductor-Q The circuit was fabricated in

t he 25- G¥igld showas photogreytsofake fattdctad ttwdh@bmxe am"p'ﬁﬁer
ef fect of_the chan fromthe standard 2
bs! ot andbelErabaa Eabaehe hSHoa s, Fasr e Mk TRAM
aﬁdlﬁ? !El\{li%lﬁlu(altcﬁ??)DS Moﬂreﬂmlimh mﬁﬁlhitlﬁﬁ iBdiREdrE ﬁidqﬁteﬁaﬂhects ;
negl 1 gl t ont ar trans
par amet er FARREgg ¢ aﬁ“}%@ﬂ@l‘“ %ﬁﬁ(ﬂ_ ?WNQ agplifier
sHOARRA enﬁethbﬂRre&i &ésxﬁﬁ%ﬁ!% Rt &@aeanngaaa@ sla%@e design

100 BYC a0 V) 0 VA(V) 38 12 &E
cysiscarpesash Besogss feeﬁ'als chfﬂP)ad%@Pafﬁl@awl HR$we _G_Fag 275 Sugface-

' pfsbigate@ HRRAQYS e &ﬁ@&@ﬁfe%ﬁ&h@fe thefd @ad AROIaER! Gk BYE b RYbulk

wave anplifier. . .
propertles so that the transfer from layout simulation to chip integration can be achieved in

one single cycle thus allowing for fast design realization at Iow cost.

On-wafer measured characteristics of the distributed 7.5-GHz t:ravellmg wave

improvement of 5 dB compared to the reference without surface passivation.

Owing to the very high inductor-Q the fipure-of-merit of £-3dB/fI=0.57 was
in line with state-of-the-art results in -V technologies.

Fig. 8 is a diagrammatic, cross-sectional view at right angles to the thickness

direction of a second embodiment of the semiconductor device in accordance with the

~ invention. Figs. 9 through 15 are diagrammatic, cross-sectional views at right angles to the

thlckness direction of a part referenced II in Fig. 8, in successive stages of the manufacture
usmg an embodiment of a2 method in accordance w1th the invention. A semiconductor device
10 (see Fig. 8) comprises a semiconductor body 1 w1th a semiconductor substrate 2 of silicon
having a resistivity ranging, in this case, between 5 and 10 kQcm. The surface of the device
10 is covered with an insulating dielectric layer 4 of siticon dioxide. The surface is provided

with, in this case three, recesses 6, 66, h_ere in the form of grooves 66 and a trough 6. The
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The circuit was designed by using the conpact

transi stor nodel MEXTRAM and the EM sinul at or ADS
Monentumto |lay out the inductors and interconnects

W54t er measured characteristics of the PCT/ (820051051293

travelling wave anplifier 10 showed very good

agreenent between desi gn and experinent, indicating

that a single design cycle approach becores feasi bl e

redesssh ereéiéﬂgt%wﬁh pdirgiey mselatingrticlaitie layen4ewhiclyiy thisppse, comprises a

%Eﬂ ﬁﬁ%de %ﬁﬁée\i%&ﬁg EE)@’ d i?h? Hﬁgﬂl%ﬁ‘% WD 8 F @t &esses 6,

can ccurate Its
%mmanvld@‘swsloSHaMQ 1t, hteﬂltsrcamtﬁfesrhcm dwriidayfb thin sspivinsulatiog layer

y ) e% fo&ﬁ @6&%@&@0@ 39 Si@l te%%gv?e\éﬁ qllr? s ace{&nﬁ ﬁh% (ﬁelectrlc layer

zatl on
4lﬁ:lhng;’dnstccess5 an- vvafer measured char acteristics of the

di stri but travel | 4
fabricate p% Sﬁﬁ%ﬁsﬁmé q% %@?gl 19/}%?8 !())ljrq&léfc% ntge Rojtom of the
réc@ssed @, G6/MdE oh itlerons haivd, anondum:imwehdnis h@a enouifh to @nqim ad

to the reference f.ace ssivation i t.0
RS P R RO N BARHRE GRPRRIS R PO PBA e erei and,
oh ﬂfedlﬁllétr Bantdl, ;§a|_i'<|i ﬂ%ﬁls shﬂgciehﬂhﬁhigllbhmﬁitabﬁslﬁé thifereduction of the

results_ in -V tec o)o]
eHpcliyr sstittappeof the sucadiy ?%Hﬁ%tfatﬁz?ewed? thﬂgfawmaﬁ gf thg igvgrsion or

abdi@uldiios KRR do8H id® ekb PRACOTTH pﬁl@élmdoﬁﬁbgﬂ’lﬂm&ier @f whivd border
sem conductor device in accordance with t

op Heatitipcs el thej sgaiconducior fadih! am5 capvertey B}g@gﬁl&%q) thermal oxidation

iftd Qﬁéle@tﬁé‘atll&%kﬁiauﬂg/ﬁl‘éﬁcﬁh il angles to the
th| ckness direction of a part referenced Il in Fig.,

8, ins ucﬁaheslgmfel%@fé@é sxample pRpRRE PYCRbTegions . RyWhih are
sﬁﬁ%dfe g 1ol d té ﬁle PEAROGEE 1. Trhe feR&hand p art8 s&

I nveht 1on. conduct or V|ce 25 10 (see Fig. _
coroprines, Seiaveen the five teckses e stioisgnducior ragier Sianvhidyrinabse of -

Séﬁig(?li%ﬁl@tgle elgmegft%§%1l 'ﬁgné}gteﬁ' %&if%]e%é . %éh\()iw'iﬁ? ot eri‘g%;%g’i‘he part‘s

case e sur
5% hethe stﬁelayems istuataheas thechoibmiof dre regrsses 86 iserye as a channel stopper
diel ectri er. T,
fo&‘ thoti sethicon uc %egmn47 ?xﬁi tlglé %: 1 e&idﬁ#tg}e%lgﬁ%nés Qgregelﬂgh@%g{. 'TRe nght-
h:hﬂrpartlmoﬁthfedefvmermmbmgmmpmwe @learedts 201 includjng 6ondiitier Widks 20.

BBl 2 BrsvEee ok CGPAR PR) Lt AT Q0 EmeE L AP e e

bdthjnSoiCtB@ﬂ:ces@ 6Psi ;ﬁs@ﬁudad tifat thie @fbctilvie @esisttcpoiiel ssagicargluectgr

h. Densi I ls of .t
stbetEile 2 cnoh o B LY B To e b oat P 854 e el Faggney
lo§s%§ th fd il e @Ry Bindrdd. dBe dévitdi MofSBRIexdfe isabdndGictuddan the

in this case co i si SIPCS,. is situated between
fﬁﬂ@lﬂ@g@?@@?@w&l@ agprihe % 0&%@6? Vith thedppetions 4 | ng
the recegfie Qartiih suthuPB (dee 5‘1g 5@&%@3&:@@ RémnicOutabf subStrate 2,

SI PCS | ayer bordering on tom of the recesses
inghis g&e ﬁﬁghc@nom waich ﬁéhqli%’ﬁtfi la@rémf ailieen dipxide (JAPDHs prgvided by

m@%mg%ﬁgﬁ@ ol ﬁ%ﬁ NARlsSader, BBl RILRc IARE YAl \h&'& in this

uring o eration to be i cor pora
casthed licon aritde (SiPe)t tyemennh of, ihthisckass &IV (rahentieal Vapor Deposition).

Sl{ é{u‘eﬁﬂ ? A Enagk M 2 Brthdéh G tsé)ld ikttt l%&?%y %pﬂlﬁgg Sbh&l}regiét layer

Whlch is patterned by means of photolithography.
Next (see Fig. 10), the parts of the dielectric layers 3, 13 situated outside the

mask are removed by means of etching, using, for example, phosphoric acid (HsPO4) and an

-aqueous solution of hydrogen fluoride (HE). .
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10 effective resistance of the sem conductor substrate
2 due to the formation of the inversion or

accumul ati on channel does not take place. The 8arts
WO A4 f% S| POS | ayer 15 which border on t hBCLEFH09R51293
of the sem conductor body | are converted by

(conplete) thermal oxidation into an electrically

i nsulating/dielectric material. The device 10 of this
exanpl e cSHYEREEYY {sapFig, bl e simeoval ofphe phogaresist eask M, rocesses

8, d64ad RBeined BINEEHIBEtorls@hdiie 2 tﬁ‘yfrﬁeaﬁE‘in &yleh® prd @ 1 a

of the line I-1. The |eft-hand part ri ses,
fouerkle m@%a@%dﬁe@emtr@ laﬁregﬁﬁ@mrem@v bwe@qne af gdry-etch

I t
e 01t S B s T OB L OB 1o St st

Higel Ia raaghedjsa @tﬁglf: pEocsispES. It ignstedpgaigithay Hige ﬂnrough d5 only show
A8 RERERIGRIRTIE e SO0 03 BB ver 1

or t he sem condu
formoadent the Ballsrand diret bottonw oditire, reﬂ'daﬂea) 6 htmeans dsfaruilghah-bnnlal

d ve el enen 20, . .
Bt B8 AR5 B PSRG0T G Bgons which
tordes emibe redestthe part 5 of the Si P(B | ayer 15, whi ch

part |sstuate ottom |

pr ecl udedélf DRequey Ha(ts%ef 1?% c]rZS’\Fegp?% ?Lf’%ﬁqﬁ"é’ng’f ‘f?e’s forined 5'as to be
mnnmdm@aiﬁstml:ce W&ﬁlﬂé)sif ttreceds 6.SThisdk aﬂﬁevﬁwbﬁﬁﬂ] tépabitiig B @hiform
c{eg gléc? sai ocatqlugn t hat, t h:g)g f\rﬁequenc

ey 11 3 e e it ofhs sedpisculiciapfibdy o Exatep ey means
df h]\ﬂ) eRanflich the pﬂ&%ffsﬁﬂtléyeﬁﬂl é}ﬂeddﬁ@ pardfiel 18 heOi AL are removed
er usi in ance, wWith the

asﬂe ¥ {9eas © ?H@O%ﬂ%ﬂ?w %%?3 ligeso(thal dreppgeerphl segaig.

hi gh-.ohnmifg aq@mrmldmeamiuma Eﬁa@&rel 12s forinBd ﬁbmih&ﬁﬁﬁoﬁée layer
Silicon, on V\hlchadlelectrlc ger 3 of l'icon

1§y gty inecipepart (herepf et i sifatsg at Hae Rore,pF {om aonssl6 by means of
a%b&@ﬁd QhingOh AR cgse| ﬁéﬁ)&ftmﬂ of thE Hﬁferctrfé'lgle? ¢} Eﬁ 1ﬂ¥}f‘erF1gures

IS provided, in case n nit

cqrgbmltte(b g‘hwggnag’u@flaﬂy qqivg:ﬁp@ogsalg the lawml @umen}h@m qf ghe recess 6 are
VM@'QQ{H DEPR §ﬁﬁﬂa9?:%ss§ﬁ%ﬁsﬁp eﬂa}[t A 81 iR ngM fOS As a matter of .

provi ed on sal ctr| by app yi ng

fash dn partd s9id snwjladimensfring larei w@nplampsamm tbtyappbemmn@f advanced IC
t f th

pROGHG: b BMeeb Bt T8 ol om e Ry B
resippingdhit ifyis lwsandnepdbletoaivimigytiond iskight efching éooamiioee at a later stage
ftBEPRGR 4 dehty e et G nafBe nigh B vt 1t et

PCT/ | B200&1)5 S2M3S layér lSubﬂqxwﬁdtdn)the( ﬁﬁﬁcé:lbjgmealn&)of CVD.

after renpyal of the_photoresist. ece

66 are fOPREEFHY kﬁ‘?@ F&eﬁ‘%)eﬁ tﬁ? B‘g/{sn‘%i’%“t?‘fly%"h completely
finetheseceds 6a dry-etch process. In a f avor abI e

nodi fica al.so the dlelectrlc | ayers 13 are

emoved: Bperiiesis or) dbpiyia the dicisgalaisrs [ 18 pnd ofihs SIPOS
lay@Xi5 Rehidhh@e §hB@8 ot r@ceF 56 are%elﬁ§veﬁt5§ odafé b IEMP (— Chemical

Mgm nt, the stage shown in is"reached In

‘i’h"’i@lcél Bolighieg) propesspIn this Hf@ﬁeﬁﬁ@ﬂ@dle‘égﬁlmlstﬂmﬂﬁdgs 9
through %I?os@{deﬂtl? &Qéévl’lgal aIPI Ségﬁkégﬁﬁsslaf r?ﬁ%g%(d@ﬁneg on the

adj oi ni ng part ate
surfagﬂgs cayeited, by means of a thermal oxidation process, into an electrically insulating

dielectric material. The situation at the surface of the device 10, as shown in Fig. 8, is thus

achieved. The semiconductor region 7 may be formed by means of ion implantation, for



10

15

25

30

formed on the walls and the bottom of the recess(es) 6
by neans of a slight thermal oxidation. This Iayer

‘{')éo‘f)gf |4¥ bounds el ectrically active sem conducto

Q1% 2%¥hi ch may border on the recess 6. 1OPCT"IBZO"S""S”‘93
Subsequently (see Fig. 12), a spacer 11 of silicon
dioxide is forned so as to be 1positioned agai nst t he

S b e S5 1A 16 BRSO b omed

Beein! B oSdakbRas @snntah QsifEI0 COMEH R CiRRe %teghnoﬁ
exarrpl e bi(l nmeans after which t arts of
sai d | ayelNextgindhg %&Fﬂﬂﬂﬁ@d W‘é‘r%Pf e dpyice, pessivg Pka?@étsapemcludmg in

dn§ 'Eﬁ’éé%@ndu%gﬁ 'tr@cl@)QO NRERImMOA offHeS Rlct @RI iﬁﬁlﬂatécpl ﬁﬁﬁ&) of the device
et chi ng, that the spacers 11 renai n.

02 ke pagsige ﬂ@aﬁlﬂﬁ way fusther alspcogpaiceiesistors; gapﬂ@m@r qoile dn this
1{3 Sn Bhikh @8 sdrR¥lductdPelMedi€ b@ otult& BRIk ﬁ%&@ S8nnection

is situated at the bottom o e recess
rnﬁlarr@r%sﬁnt intliegegirwBi which ke thy. fommf soitermed bend pads may provide the

(%I G u tnl)églﬂs & wfré]c,eougéc?it)ﬁéz terﬂl‘.l%X eﬁx‘é%le&& F% FQto B example, the

can tted 'S par
caudr-atvlr-‘agfetnﬂrsdmcftortﬂwel ateral di nensi ons of the recess 6

?Lepa}’ter y g ché‘ glcaﬁ ‘thf{yns a%rs-pia%gre\%z?v%gm 4 @ra%frggj &%&We is
waie froAy Flea |Zdns Sﬂnlcbn hhvurigrzsmgmtesmmtm SykOhipamnt AR nhohick semi-

‘%’Q‘\F?‘Hﬂg i 2’% @E%’}%}I‘%f et fi‘%)d? fehas d?nall‘f/;\"é];’%{ﬁ?%e chemical

veyordepdsﬁibﬁ r(LE—@\TD)qlﬁbdéﬁﬁ Alfter ﬂﬁh dépolfsihoh of Jt 26Gnd ticleTBOS @iyer, the
uni ntentional slight etc rom at er
efs R g pstins Y% gty eom ot hd LTt bl -

: ‘pSlﬁtﬁM ioff imb) Méxt,Qf laydied BV 50 nhbnitride aAd S60 nthidxide lsf’prowded

nmeans of

&7 Ia% é i's defJosHed on_the surface b%/,
Bdbigl sprRey layerdeperided yaich issusegpentlymlsnarizggdaising

. CMP in%a Bh&@é@eﬂ@ﬂr@&s& TAPLGpE! M thd Ddhacddd@uh&GRIBs P thickness -

Next %see Faélfgl the parts of the dielectric |ayers
- 0ff 3 iy Fhepyer e@%ﬁ%oghpesp apgryvegude, il armaFhe vidth afiacs@pper track

: ls%}ﬁil%d%%gﬁmw&n%@cdbgm% Py.sMeans of a CWP (=
0. In this

eI it b ol BB

Chemi cal chani cal Pol i shing) process
process, Honeorapagisers theramg cpiplanar Wovegnidaas sisodeeumanuiyotured on

t her mal -d@shors tb% ews of the o-planer ‘E@h@gtlldfp omthe ybove-mentloned :
thg%ﬁ#@f%éﬂtg?bsfr%{eg Jg 5 Ce : ts&lgssb%{g haJ;H a%elﬁ sﬁeﬂ%gﬁ ?

subetdte vkglass Tivdths dalghetﬂmdm mtbsnr?te bgyiimgma r'ésm?wtyh:ﬁf Sﬂ@hﬁecknbylth and
005/ 1.04
wERSP e PR SRR BSIR nospling ') B T el
subbtratdr@hide 6 previdéd wilethk eanidinailstingdhyR B v@rBloar sibfiRkd Teshes,
L A R R N

proVidediRith (18 SIOR 8% MBCt) STRD tGwe Chanithrlbssdé H¥a klﬁndaﬁﬂgi substrate for
case conductor tracks 20, are fornmed on the -

the mepsursddEgapgneics p oyl QGH Zsurface of the device
Fig. 18 shows the parallel conductance of a signal to ground, which runs

{hrough the dielectric layers and the subsirate. The data is obtained from S-parameter
measurements. If parallel conduction is small, there is hardly any signal loss in the substrate.
The mobility of charges in the semi-insulating layer is at least three orders of magnitude
lower than the mobility in the high-ohmic semiconductor substrate. The density of traps is
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5 10. The passive elenents may further also conprise

reS|stors capacitors or coils. In this region B, also
screte sem conductor el enments nay be nounted on

‘gﬁfz’f“ﬁ’g%“z%bnnectl on regions present in the r@ﬁ?’c‘jﬁz(’%“msu”

whi ch take the formof so-ternmed bond pads, may

provide the device, by neans @f wre connectl ons

with externpal electric connections to, for ex

abpig 108 mclpélpesseglp ingulatipgylayar ofig £ i84kes shﬂys Fha@the i@strate losses in
RSN Birh %ﬁll)s‘lraf%rb?éﬂﬁdeﬂ vt 1ﬁ~l: Sy ar@@¥%§&ﬁ\@§r ld_d"ﬁd(ﬂi@es smaller

subStrate iIs from Fl oat Zone 1 con having

 thanghose &3 §tmdarct §d sa;bst@tet@@ﬁ i &high-phmx syhstraty w@oslé?hp sics.

i nsul at i g'lﬂlﬂgﬁgrth%aéﬂe@c&fcﬂtg%lﬂ% is é)ﬁ%'cf%ﬂtﬁ%ga 18 mehstnl dad: of

deposite a 1 ow pressure vapor deposition
differerCymyplen thatdwye beshisehjedtdido @ dpuparatingrireatineat. 200 nm

thick TEGR f f .

=B S ok ek B RSP R Ml i
treatricaioit 800 %C,' qneftcrcadapldftem;nemlm hhleal (RTA)ay 108FC. After 30 minutes
ap I foHQQe gla%rfer 1f5egches mﬁlet rall Hrgntan %h arn{IC] condgletance becomes equal to

provi copper ayer
thet o stakefdrddowedhniis SE Thee @mmmtﬂe;atsmhm dltat tecverall ﬂgrmﬂmﬁdget can

o Srfetiate 'SPy HEE SFOER AL A SIo 6t Hh peeh bl giEprosesses.

over al | |ifagéther@inbolitmear) thelsaniinsiatiedldydtes Applidd i stahiard

per track .is. 30 pm .and the spac
B Brorse s By £ Petbed of miegrn e St el AT fphallow
tibht® iSoMIRn ¢TI sRhckireVavegui de has al so been
manuf actured on a Si substrate having a_resistjvit

RGN B ST R R TE A IR

eﬁnB@dlﬁaaﬁiﬁ‘eSoﬁ(ﬁe e hoh! @AR AR B FthERdGR art &i6h step (Fig. 20-(2)).’
above-nentioned three different substrates:

%lygweaﬂ@t@al stgpsare aprlicd apisagonic plehipg of (e eytirg ﬁﬂafer (without a :
St 4 tp()Eiﬁon SEHRS Eérﬁt ifisuBting ll%%? I?ﬂﬁjs diodithail tQJ‘éEh:ﬁ-msuIatmg

aV|n resi stivi W¥CW] W t
1a2§r ing SHOR layﬂewls@ms depesitadan narlé’ @Waqmqe& ahy m@@émﬁén n@the '

sénﬂ-lﬁstﬁﬁltlhg YE%Q;[ cl.lo%ﬁ notl-g‘gcﬁmlg'aggbtﬂﬂmo? e dcpt?s%%torf @Ieeoxm'l 7 in the

I's provided witht sem -1 nsulatin ve

tréngly (wuldis embodimentgbesyide lapdrdha bugb—deﬁsdsrelatsma Dknds éHBP oxide)) and -

Ogh%ém%ggetsg ate. The losses in the high-ohmc :
substrdte

provided with the SICS are a factor of two
| oner t h&nbdehecntlpsis #ig. A0-(6) astbst shartute 8i preditosd todes tifeahannel-

SRRRLETER S PP P IRPROIE BEESor PHELY dopes bl tigrovided on

* bothbidds oftistrenchrBugbans bea theal g, wiicH @yeiher sidecbfttieirench

substrat e. Thed i s.obtai ned frrom S-parapete
SRS Y ETon YA e B G HCETOTPP oL Ll ghancl Ry o be
méAuRRa fthy hihYohddi® R pel sQBstrateThe Wetalbi®d KadkSvidth DRS000 pm and a

nopi | | ty of charges in the sem -insulating |ayer is at
lepgthof 1 pBy ee orders of magni tude | ower than the

mobi | 1 tyFighof Bfowaingbv (R8s mﬁg nﬁ%% SHRPEARE 8 a channel

The density of traps is WO 2005/ 232
stoppsy. T82oeil0er1ofdle cheaned Beuis megsuped s adwetipm of fhe gate voltage Ve
ov%? FQ&U Ugalih B8o IVaX'Féach ghtg voﬂa%ctah:ﬂﬁ'eﬁtqgﬂfbc{eﬁ Qito #iSource of the

ate losses In
tran31stor A 4-point measuring technique is used to determine the channel resistance. In the

case of high-ohmic substrates without the semi-insulating channel stopper (HRS no SICS) the

channel-stopper resistance exhibits substantial variation (swing) around the threshold voltage.

As a result, a small variation in the fixed charge in the oxide or a variation in the very low
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t he hi gh-ohm c substrate provided with the SICS are,
respectively, 100 and 10 tinmes smaller than those |n

a standard Si substrate and in a high-ohm c substra

WP e3P+ he SICS. In Fig. 19, the parallel coﬁﬂyﬁzg?ﬁf‘glz”
Is extracted fromthe neasured data of 5 different

sanpl es that have been subjectisd to a tenperature

treatment. The SICS Le% ef retains its properties
depingdeyehof3be sbptate (10 /e canedsdi leadl toa subsiantial chapge in the

chd&Bv@;f §8he Ghahfd] 'ﬂaetsglﬂpﬁlﬁﬁﬁ éqafe@ E}Ptﬁls sTHls BE A3 in the
C. After 30 mnutes at 11 t he er reaches Its
chprechighistrigeiRq, a@rmﬂ@m@pgypathle epnted nmx eaypecad egubrgate losses over
B4, to that on standard | owohmc Si. These
exper | ments show that the overal |l thermal budget can
10 be choBign22sthows the@vireganaljle of i aiannebresisighse Rohand3hgspread
olé/%f-‘gf dql%‘%’ﬁf %{eﬁ. gthg gé\n@flﬁgﬁ t%lﬁ%%e sté;@eﬁ?u%&%ﬁ f:he r%produmblhty and
hsntanadhrgtbs et eprwindes for Fause Ef)hlgl}ohmlcauhmatﬂs dHBE) as loss-free
Lntear ating the sem-insulating layer in a shallow
rencﬁ isolation (STI)structure. As an alternative to
-t he met hdafig d3schidnintidaliyi slhhws e fer prareite wWhidhan Be ikﬁluenced na

5 enb nt t.he t bottom
R e o PRy B R BhE Vst i E g Djopasucors that
caﬂh Ye mme@éd b¥ tt@rsa:hl-ﬁab@mgaﬁybr afpll) ask: N*alrwamlbmlﬁrent, (2) the

%E@Fl? ép %f‘feﬁgj/t L C];'i]glrﬁ’ %,}n}t:*f’gl Lﬂ%vg? P /Ngaﬁh oge current

enbodi m?rl’tl%] %@Boﬁ@ﬂcmﬂ&ﬁ%lﬂsdtﬁ&n thed¥i6de duSrefs ﬁhﬁ@ede:g 23
| ayer whic depaosited in a LP-CVD fr 0CessS.

fordeghoRhmae P‘Hﬁ‘fﬁﬁs 8) m@thogtéh? nvepsign sfulldipe) angdy “afééhe Wg’tl"msulafmg

cﬁﬁrﬂé!' stdpp@dAREREdaQEt Wih ﬂl@ %v@ﬁﬂﬁﬂ'bﬁdk@ﬁ‘ llﬁ’é‘) ARt Bosh @8mall increase ...
| ayer in the 20 trench Intfhﬂé nbodi ment the oxi de

of thy geneyatiop-refogibingpr Furienpindhadl /pelidliqdaphe §J@$ﬂ@y9r dgpgot

ifthuch AR BE AT Sactivblisaquent Ly, Tn Fig. 20-(6) a..
test structure |S£rod ced to test the channel -

st opper dig. 26 shayfs thinp-veellresistansel vhithnig nieagsed hatweendwo 30 pm- -

VB AR AOP L5 15 BBAASS 58 bRy
paiwnm Theaesiginge valites ¢feh€t chenudh Rabarel grpstastiallytidsnticad in a) reference

neasur
acsudatgria the. inveinBomgfulhlingaitke trisagles). Wi dt h of 3000 m and a

| ayer i ToRivetionds it iRt A8 e Sl Y SR pti Bt nerin,

aridesitisi ﬂmeomfoftﬂaen@hmhnﬁariaﬁoma u:roaiﬁcascma afeljjoedible ko those

ate volt ate er a ran 80 to
Slﬁifé lwsﬂe%ftg Eltg—ede\v%ﬁ %@{elsaa fierentgeometty %rtdéfaef?% 0
dlhiéﬁsﬁﬂliﬁa@%e%anhﬁ@hﬁddaﬁié SipRssly Nottd Bt Mo %ﬁﬁ%lyﬁﬁsswc devices
techpique_is used to detefnm ne the channel resistance.

arg HO%Sﬂ?&e opdeyisepWith dispresspmicondnstar elemeats rquptsd on hgesurface.
sem - i nsyl;ad PN tertiORRG thdnHEste MR nfbfed)in Hﬁ%xamples may

channel stopper resistance exhibits substanti al
bevused withia the ssopaeftheinwentignlhis slsamessiie & eparleyaefber depesitipn -

teéh%ﬁlgﬁké for the PR m¥itloh&t &rodﬁhér Qnatté}ﬁlsf élféﬁ ds gﬁ@%ﬁ evH (—t Bfiemical

oXl or a varitation In
Vapor Deposition), sputtering and vapor deposmon Instead of wet-chemical etch methods,

use can be made of “dry” techniques, such as plasma etching, and conversely.

RS RR L, FRG AT Y SRR and %) LR R ROl
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WO 2005/ 104232 PCT/ 1 B2005/ 051293 15 dopi ng | evel of
the substrate (1012-1024 at/cn) can easily lead to a
substantial change in the conductivity of the
channel . The sem -insulating layer in the STI limts
the change in the channel resistance Rth and hence
i nproves the control over e spread in substrate

| osses over the wafer. 5 Fig. 22 shows the average

CLXﬁdge of the channel resistance Rah and the spread

over 42 dies per wafer. The sem -insul ati ng channel
st opper inproves the reproducibility and hence
enl arges the process w ndow for the use of high-ohmc

- subrmicgaducigrdsvies(10hemuprisiig: substrates. Fig. 23

schemat i Gabl ¥nARQBRIRnd R Y6rRES s‘i‘r’ﬁ:ﬁg)’ ccbv\é\{%h %Etg%q{}elp&ric layer

influenced”in a 10 envi ronnent by t

sen®Bs Hreoulamtingwhatgeyier in the STl structure. The
paraneters that coul e influenc by the . !
e - b 8t PRty R etonio (g ERE Rl B e gligectric
curlagitiand(2) the P-well resistance, (3) Nwell/P-well
di ode current, and (4) the, P+ |1 diode current.

Fig. 24 @ﬁwsalag%ﬁmtéhﬁ%e?%ghme ngrgqcs herveen tent s

|1 | ddgidoBingSor sBbdial: (2Pehd hORielkGR1BRATE 4? WRSEH Ak RAlaRhg

wi t hout the invention (full line) "and b) with the
serregipmbeihgsiivated at B lashaemesirespomdingrto the lecatiomsoitieeongi or h

t he_j j .0k | j . Apart froma snal
ing?ggﬁgﬁof%%ﬁég%gﬁggg?FE%%Teconbination current in

th fel N}/ Db‘hbﬁilri]ﬂl ﬂﬁiSﬁlﬂ'ﬁinsﬁlhﬁ%ﬁleﬁiSn |is&)bﬁﬁgﬂﬁ@d o ded@hse the electrical
i nfl uence, t avior. of the active devices, Fig. 25
sh &Rgf?wzé%?ﬁ@ Sledasondusiysehan bused hinsstmisandianderio
t wg Wi £ e dIESHc B (®Ng. The width of the
pvﬁégﬁnﬁgé%ou%ﬁed by 2 sf?i%%éhgged N-wel | 20

patterns. The resistance val ues of the channel Rah are

. su %Ee@ﬂ%ﬁlﬁx%ﬁ% E%E&lt(:l @2&15 V(\:}a;ﬁﬁg% inrcﬂil%r e %gréin:/ﬁr}é Eﬁ%ﬁ%\nm%ugzﬁmg

i nvent1on r quares) an

t heegen(5) comptises amgxtuaydisilican and okyggnt 0 t he i nvention
(full Tine with triangles). The invention is not
limted to the exanpl es of enbodi nents descri bed

hergidmicondigtorddviieT1 9)NR cREAREInQA aitaNe whiréainhé %iﬂﬁﬁx‘latizné

" ovari ations and nodifications are possible to those

skimaigil s figeomppundeor exanpl e, devi ces having a

di fferent geonmetry and/or different dinensions may be
manufactured. It is expressly noted that also

exd sestividyctpadyiced1 Qe iclhgsed inrcuinds shiskm, thostredein anes-

cuPrbhEt e SRR e T o PeS bffer ' han

those nmentioned in the exanples may be used within
the scope of the_invention: is also possible to

e g}é‘* Hipiandastonisyisil Dan Clagmtdlééﬁﬁly girsedingplaip gherein the
OB VRS, RSl B e RN A RS

vaicnileposi ti on. I nstead of wet-chem cal etch
nmet hods,

A semiconductor device (10) as claimed in claim 5, wherein the resistivity of the

. semi-insulating material ranges between 1 MQcm and 1 GQcm.

i
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use can be made of "dry" techniques, such as plasm
etching, and conversely. 16 CLAIMS 1. A sen conductor
devi ce (10) conprising: a high-ohm c sem conduct or
substrate (2) covered with a dielectric layer 5 (3,

4) containing charges; one or nore passive electronic
el enents (20) situated on tlife dielectric layer; and a
sem -insulating region (5) deposited at the interface
bet ween the sem conductor substrate (2) and the
dielectric layer (3, 4), the sem-insulating 10

. I eghGemihd@tdridevioé EIB) ad clainled GO Pree Qs LA R Wheid Be

the locations of the one or npre passive electronic
el effEHtiasyabing regipreldaissitpsied aidhg be T eerss (Ge §Pbirmed in
CONfHeQHhROnduRtd ERIshaR o) he el ectrical  conductivity of
an el ectroconductive channel induced in the

sem conduct or device (10) by the charges in the

kSl ey LRGBS i

S eNkenti@tiidh@bi diice (BT cOMpLiBs a@emhmraecﬁnmgl k@th@he or
silicon and $x¥gen. 3. A sem conductor device (10) as
cl alfEdemiropfugionelemefrdBpinteeraied BRI i nsul ating 20
material is a SiC conpound. 4. A sem conductor device
(10) as clained in claim 3, wherein the stress in an

- as-Adepisendustdr deyies (16 ag ¢lengil @ aonpecdingdiiey, ivhkreinsthe

bel ow.360 a. 25 A seni conduct or dewui ce as

o ot R el RS SRR AE LAY el st haped
r essubtregibhs(5055)t he semi -insul ating material ranges
between 10 k[2cm and 30 G 2cm 6. A sem conductor
device (10) as clainmed in claim5, wherein the

10." €SA $brhitbhdbcRh b€ (18925 @ el ﬁﬂy?ﬁéc@@ing%faﬁﬁ,i herbif BEshe

between 1 M 2cm and 1 (B2cm A sem conduct or
devgrgeorg paspiva slegtrenigeldments anpjudgcondidiongrackis42® wher ei n
the sem -insulating region (5) is situated at the
bottom of a recess (6, 66) fornmed in the

11. semh astdddcif aransfabisting b eeri2pndubtoBdevices @), cdemtkithdddomprising:

device (10) .as clained in an recedj n | ai wher ei n
t he ( epgsmng a semi-insulating re 1onp(5) ona iu_gg-o ?c srfr:]micon uctor

substrate (2);

forming a dielectric layer (3, 4) comprising charges on the substrate (2);
and _

providing one or more passive electronic elements (20) situated on the
dielectric layer (3, 4),

wherein the semi-insulating region (5) is deposited at the iﬁterface

“between the semiconductor substrate (2) and the dielectric layer (3, 4), the semi-
insulating region being situated at a location corresponding to the locations of the
~ one or more passive electronic elements (20),

wherein the semi-insulating region is configured to decrease the electrical

conductivity of an electroconductive channel induced in the semiconductor device

(10) by the charges in the dielectric layer (3, 4).
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sem conduct or device (10) conprises a sem conductor
region (7) with one or nore sem conductor elenents
(8) integrated therein. 10 9. A sem conductor device
(10) as clainmed in any preceding claim wherein the
sem -insulating region (5) conprises a nunber of
mutual |y separated stri p-sﬂéped sub-regions (5, 55).
10. A sem conductor device (10) as clainmed in any
12.P! eﬁ%qétﬂ(% a%lcfaljn%d Vﬁhc(fe{igll ]{1 tﬁgrel% se151-ir(1) 1aRe ?eg?&%%(? ve
el ectront ¢ arenents 1 el ude CondUEor T racks .11,
A nedoiyetiend mimive ofisiliven 8@ cxygali conduct or devi ce (10),
the nethod conprising: depositing a sem -insulating
region (5) on. a high-ohm c sem conductor substrate
13.( 2) A 1R8Ok Y ddHlePindi £n8At {yhEretndNEiondi nsufhling RIERAEPIMEe
charges on the substrate (2); and providi hg one or
mor kygaempriseseilison phéacbasl enent s (20) situated on the
dielectric layer (3, 4), wherein the sem-insulating
region (5) is deposited at the interface 25 between
14.t heA sthczion dlairhal inltidt I3aivReréid thea$id lhyee ischingdrpledus) C
| ayer (3, 4), the sem - insulating region being
situated at a | ocation corresponding to the |ocations
15.01  ARthdAS cREmIPIMAnP 8B ShiiR 12/t6 ¢4, VAR En Ble2BB R vy G2,
wherein the sem -insulating region is configured to
dectenirdusulating lateeink fasgds betioman U¢ kS2vintapd 36 Giem.
el ectroconductive channel induced in the sem conductor
device 30 (10) by the charges in the dielectric |ayer
16.( 3, A 4netholiGs clhZnedintRiiAd, @Beréih dhdvesistivity@f @ieBerklinsulating
wherein the sem -insul ating regli on (5) conprises a
m xpesal ggngss betwern hM2@x 9atehGlem. A net hod as cl ai nmed
in claim1ll, wherein the sem-insulating material of
the 5 layer conprises silicon and carbon. 14. A
17.met Aodttlad as Chimedniany of aaims13 to Whevlerdin theaebi-stlayey

i s anor phous. .15. A nethod as.clai.nmed in a af cl ai ns
11 F0R B CRBrE 7 14448 L ponId DGO ¢ amilifuring prodess of
S e Mn-ac vl HemlidonBudtol @érhdt if B gEHet ween 10 k1 cm and
30 Gxm 16. A nethod as clained in claim1l, wherein

the resistivity of the sem-insulating material

18, A RSP o Elnel i BT Qi) G Tompodts, Dog o
sem - i ndofmang mpcessd (N i th seuinprdusos substraty €2); t hat i s
deposi t %gveonrnig%rsic{eowﬁ SFRHhY lfege(::sts %, iGQ)QWRﬁ gﬁ:letl?‘)t%at%];g spacer (11);

depositing a thin semi-insulating layer (15) on the surface of the device
(10) as well as a dielectric layer (12) by means of which the recess (6) is filled
completely; and
_ planarizing the device (10) by means of chemical-mechanical polishing to
remove parts of semi-insulating layer (15) and dielectric Iayer (12) that are

sttuated outside the recess.

19. A method as claimed in claim 18, comprising forming the insulating spacer (11)

- by subjecting the walls and the bottom of the recess (6, 66) to a thermal oxidation



an active sem conductor elenent in the substrate. 18.
A nethod as clainmed in any of clains 11 to 16,
conprising: 20 formng a recess (6, 66) in the

sem conductor substrate (2); covering a side wall of
the recess (6, 66) with an _insulating spacer (11);
depositing a thin seni-ins&Pating | ayer (15) on the
surface of the device (10) as well as a dielectric

| ay ) i.C ' [

corbrsp Sl wRRdR Alutifb e kil SHEEBodH ol e loba . 60

nme aseodvedhgain bamerncdfanisoabpipedchiafi ng to renove

parts of sem -insulating |layer (15) and dielectric

| ayer (12) that are situated outside the recess. 19.

20.A NRIhGEbES cEidbd Rl 18l Riclin 39, GRIPREInG oA etz Rk of the
t he |nsulapln%‘spacer él;) 30 by subjecting the walls

andseniensylatips fayerf (16 heorderinggs thgsurfgey ofthe deviided Aninto a

OXi j f which the thermal oxide

f or%e &%? r%%%"e“ %gg?%g%ﬂstoﬁghrﬁé%@;s (6, 66) is renoved

agai n by neans of anisotropic etching. 20. A nethod as

claimed in claim18 or claim 19, conprising converting

a part of the 5 sem-insulating |ayer (15) bordering

on the surface of the device (10) into a dielectric

region (1 5A) by neans of oxidation.



