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LOW COST SUBSTRATES HAVI NG HI GH RESI STI VI TY PROPERTI ES
AND METHODS FOR THEI R MANUFACTURE BACKGROUND OF THE

WO MBNITISGN The present invention relates to suPSL/DS106%5044810
structured so that devices fabricated in a top |ayer
t hereof have properties simlar to the sane devices

f abri cat, eviOSTI AR A THSH AVMING HIGH-RESISFIVELE,

gRgKt PRGPERATESAND M EGTHODS TOR YHE Y NPANMFATTURE
GROUND OF THE T NVENTT ON EXanpfes of kmownm

substrates with high electrical resistivity "HR'
subst rat es ar e BAGKIGR@UNOFSEHEANVCENFIQB06/ 0166451
US 2007/ 003204 Such. known substrates gener
co ¢ presend 1@@&11)15 q,tesf tQ s\llm§t£a|tps§Fm8tlL}r%ﬁoéhatm%§1ﬁes {3 t)rlgated in a top
layeif fh%ﬁ:'é? hée &@ﬁférﬁ%ssﬁfﬁlhll tOQEe §a‘i’ﬁen@é;éqce§ Batirfasteli &t b BOndAY Blch
bel ow the top | ayer and hi gh-resistivity support. In
resissigre sulnst@naesto racbiddsi o mmnufa@:wgmg sodufubstretes.nser t ed
bet ween the insulating |layer and the support to
further inprove the high electrical resistivity

properties of ECREBOUNEOFNTHEIMVENTION HR

substrates are suitabl e for devices Wth | roved
peEﬁ@mnlﬁﬁ ebknyeanibstratpeyith hiah dectiiead iesestvEYy gHBl splssrgtes are

dlscftose(f n cfiuc :@Qn { bS%OOP@%?%ﬁeI nsc’iI l?? %O’/t 803&%46 eSutht ﬁnowaus%bstrates

Cross ron1a

gendt1BNReHisc tahep rayemtwlﬁ&ﬂom Whigh hlg'HTﬂréquleﬁC}p@ervﬁdey vwdll®c formed,
to the fact that known HR substrates incorporate
an ingulghng éaéﬁegbqlwﬁbﬁ ©APEF #-d # Righ-rapistiiy wepotht Ingyeme instances,

addlﬁb&\{ ?ﬁ[}%ps SRR ﬁgg}?erd%%tv%%nttﬁ@gﬂsﬁl%@ agetna‘ﬁ'at ué)ﬁort to further

supp cost is particul ar” concern
impmubﬂterlaglesleumbdll rbastuggcromrtidsatitheabswatcof devices to

be | ated 0 i ce sens r.oduct,s,

coﬁ% ‘m%ﬁéﬁssu?ﬁwaéeé&ﬁ? ﬁﬁ'iakf?tf r degfiges Wflgmg}pr Yfg’tpeafpmnce
becald® P ew& ehien s?grnhﬂ%s 19%@&{&)%0& Rei hﬁpﬂm&y §ipkdive ﬁmse ratio due

requil res addi ti onal steps In case of nono- crysta i ne

to redin¢ddawesstagly cheyaudfict fromad rngjtoe pevbhclenthiimeostwen heihighs s is partly

ave e 67 e Kol BB RPN Pl ri Pt i Wi gt priced

at arl E16Vai€lPsosEednpardPloddetiohal, AGAHR, Q0orls2¥REN bdkt Ret peedlar
the insulating |ayer and the support or renoving a

conaggrr Whetesybaijees ?Yﬂl ﬁhveseé lf@rplig!altlcqtlgnfolﬁ deviess t e irtegatcgnto price
sensﬁléfr%ﬁjﬁg.d{l%tst, g\?chlys %Hﬁ{u%%'r %Md\(&tts)felgéontl Hl%ﬂ(seltgpSt rate, or so

The higher cost of HR supports often arises because their manufacture requires

additional steps. In case of mono-crystalline silicon, such additional steps often involve multi-
step and lengthy annealing to precipitate residual oxygen present in the support. Such
additional steps can also include, e.g., forming an additional layer in-between the insulating
layer and the support, or removing a surface layer of the support to further increase or

preserve the high-resistivity of the substrate, or so forth.

SUMMARY OF THE INVENTION

The present invention provides high-resistivity "HR" substrates - that is substrates
structured so that devices fabricated in a top layer thereof have properties similar to the same
devices fabricated in a standard high resistivity substrate - that are simpler to manufacture and

of lower cost than known HR substrates. HR substrates of this invention have applications in
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SUMVARY OF THE | NVENTI ON The present invention
provi des high-resistivity "HR' substrates - that is
WQaenezstes structured so that devices fabri cap@UBI00#044810
top | ayer thereof have properties simlar to the sane
devices fabricated in a standard high resistivity
microbREHEAEE optobiRatomEL pBotiPoIBicst MidFBRUCAE nkcRadbd dedices, and
| ower cost than known HR substrates. HR substrates o
partichiagly iith ¢eneds diat ipaciatesgh hlghclaequeney typiehlby oedrdP Mg, sech as radio
freq&e%t ﬁ %lexg %% tﬂ%@ &R ’be %1 ntdoﬁ %lgc%rr%ﬁurfl@tc It %(ﬁg bgtg(étlont %)g 1cat10ns
opéf gén%raa,tthh l@bnﬁdtﬁl@pﬁﬁ@sykﬂo%@ﬂ ﬁ@hbryccm/HR sLBGrdvbizwitls sher-cost,
as radi o frequency devices that can be found in
HR %@P@@éﬁ?ﬂmﬁ’f&a‘tg dIPPdryer a8d & senos tingerdgfg iy oigh-resistivity of
Y
the FRT R prob ol n RS 3R ARRSLBRANE e Rlon rRRliad hieh
resistiofpy bathefinahghbatrate pp odans bfis suppdrtofithr zed;tyfang layar of a lower-cost,

. high-resistivity of the s ort to. provi
hlghrf-e%ﬁﬂ‘fl@sﬁe&wdvevi%@ateﬁél FRGordigglyotk ampor& 78 hawg dardasd
resm@irvﬁy ' aqlﬁ%phb&ﬂfyq%v&t dldﬁ'llhy afd tHu|§ Qarf i b@ 8f 109 §(§s& afrRe M¥ention also

ans of a support with a surface [ayer of

provhctaﬂ/émwwommetm@tfor msmsftacmrlng&@eﬁmbetmt@mct or rrat erial.

ordin the s ort t andar. C . )
CEPREICL e v SRR by fS N b et h-ssiyeiyipggroperties that
1nch€‘c§|’h RBp&t hhaWeh s@AGdrd rdsieivitnVERih-QEsidv9 sBiRvh8@sor layer on the
| ow cost nethods for manufacturing HR substrates. In

suppesirsebefeataian, inguking fapsnon 8i¢ pelovestésits lyse vad egomlayermy the
1nsuE1ltlgé1 1&%1% 'Elﬁ_é ﬁllgfl)fe E’.{tl%ﬁ? %I![ll%g{lal[&%r IHE? lcyrgﬁa\% SI%EIQ‘[?{/I{Y greater than

res -resi s

100G erindandoptiofal lyashe rpr@sﬁdédmelbsméwﬁltthsmbslﬁmaa diffiion barrier layer
i nsul ati n% | ayer on_ the hi gh- reS|st|V|ty | ayer, and a

arrapggd begyeep BIPREr PR meé@m#gmﬁw@rr ayofhe

P Ieg Pg E‘ﬁ%?‘?"_\i/ﬂ ég%i%ﬁozir%g% ﬁ%ﬂ%&fg%&%&@ cm  Opt | o nal tﬁi} avipg high-
resisnijvijy phpdrtenbIhe ateé®db urciierprovidingdesuppalt pfessitiop a standard

barrier |ay arranged between the support and
resis 31 JOBR SN L B M MBI G EPE M BORTags ate o form &
first ﬁEﬁEMaté HFudtBB Wra el a@lgnﬁlla?tl—i%ﬂﬁyréi“oﬁ thafsh Elterrnedlate structure,
resistivity properties. The nethods include

assembgvg therigteemediptp structpreesiéing dompraubsttatedarfdrm egﬁwdwt@medlate
s P RS is BThE Mt R GRS AR 2 Mermediae

strugirc U6 Fothethe R agh, ptRAally)Thiteddsod thedientidn fhfieerfihdlgde providing
i nternedi ate structure, assenbling the internediate

a ditfysiqnchagrier layariengheismpprt dafese thersteprad forsning theduglrrgistivity

e structure, and finally reducing the
Semft Eﬁ(ﬁ{gnesﬁ%f t he donor substrate of the second

i nternedi ate
BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the invention will become apparent from the
following descriptions that refer to the appended drawings, which illustrate exemplary but
non-limiting embodiments of the invention, and in which:

Figure 1 illustrates an embodiment of the substrates of the invention;

Figure 2 illustrates another embodiment of the substrates of the invention;
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structure to formthe substrate. Optionally, nethods

of the invention further include providing a diffusion
wharipioeas13 ayer on the support before the step BET/US2009/044810

form ng the high-resistivity sem conductor | ayer.

BRI EF DESCRI PTI ON OF THE DRAW NGS O her features and

adyak@BaSo 9F illRGaich ¥E BinbOdintht f REREIEfoRRRANRB rihE QMstrates;
the followi ng descriptions that refer to the appended

and dr awi ngs, which illustrate exenplary but non- limting
| S

n?%;ijltr 1?0 4f911ustt nﬁ Ca{HgtEQII én%hdtnﬁgtﬁsolg e\ﬂtﬂodg g%r Igjfl%if%czu&ng

mﬁmhﬁwgntlon, Flgure 2 illustrates another enbodi ment of

the substrates of the invention;Figures 3a to 3e
illustrates an enbodi nent of nethods for manufacturing

Subst §t i1 AVHINEIFLIN Ok BREFERIEEDY ABRAPMINTS

DETAS piciDerRAASGRI0ETH N Gk mmm%bﬂ'ﬁeﬂéh&muld be seen as
referred enbadi nents. a i cular exa

cxa g%?ﬁr %%acqpsvo 131’1%‘61108 E@nh %mgi%ﬁﬁng%ﬂ grveptign. The scope of

the (REQRPinQEndAnbAIYRIde Rimirkdt b e ALl s e
resent i nvention. The scope of the pr esent 1 nvention

s h bigue bdlwdeutes minhedimehtshacewaflmgdn the inventioe of bistrates 1 structured
trates enbodi nts accordi ng.t he )
so thah S dibrisp Db S e e LT R oS STt Yo e devices
fabricade i€ @t@Addra hibhtrefsthalyaibithed. €Plesh avitrRte® BEMEli@ntion are also
simlar to the same devices fabricated in a standard

morgpigply eferasad t9|hte§f:ns yb R alﬂ@tratpﬁ skhosyybstratad ean bfvetgdameter
depén‘éﬁ% %bl%rk“ﬁ%l cﬁ%ﬂ*&f% 2! a{% ! RJoShEEGr S (gﬁﬁétg{sas

St a e Su 1" can have a

depebytiangl cdmpiises tdpriayerap pl whiahiodon efhichedegices afQultimntely formed.
200 mm or ot her dianeters. Substrate 1 conprises top
In sqmag ggsess deyigesamige Kngwn §MQRideHicae Gite be fosmed amrﬁifﬁg & nown

tech h9 ofi9 g ey HEMT
a:%@%&%@gm go Eglfgﬁnégrgccog %ﬁﬁ?%eﬁ%gﬁm t echni ques devices,
furthatr fayetsl (yotaHusgraded in Rigype Ilay[(erpr&mdetdlomtobéayea: asd%e tap lgyer can

alliumnitrid EMI devices, further ers
comPiyc g iout BT e GefineCegrdiiedo gryige elicai -G ’(’ﬁ?ﬁé)r crgstalline

silicdil %11Ic%ﬁ chidYR! ﬂﬁﬁm‘iﬁﬁ]@i&' SR HAlikQUBhd BRI RhERIF tENBF By er 5 can also
accor devi ce appl i cation, e.g.

be chasan a@qoygmgm flevace application, need, and rnanufacturlng capability, but typically

varies between about 10 nm and about 1 micron. It is noted that the thickness of top layer 5

does not affect the HR properties of substrate 1.

HR substrate 1 also comprises insulating layer 4 on which top layer 5 is arranged.
Insulating layer 4 commonly comprises silicon dioxide, since this material can be easily
formed either by deposition or by oxidation of a silicon substrate. The insulating layer can
also comprise silicon nitride, high k dielectric materials, low k dielectric materials, or a
combination of layers such materials. The thickness of the insulating layer can be from a few
nm, to 10 nm, to 100 nm, up to 200 nm, or other thicknesses.

HR substrate 1 also comprises support 2 which, in contrast to what is known in the
prior art, has a standard resistivity. A standard resistivity support is one that has not been
designed to provide HR properties and therefore has a resistivity that is standard or normal for

that particular type of support and doping level. For example, standard or normal resistivity
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silicon, silicon carbide, galliumnitride, and the
i ke. The thickness of the top layer 5 can al so be

W@ bwsemsatcor di ng to device application, need, PERtS2009/044810
manuf acturing capability, but typically varies between
about 10 nm and about 1 mcron. It is noted that the

can bb& &S SHoRt 8 (OM-LAYAM aBostaBsOMAlendf §RGtstdndgrdHsistivity supports
properties of substrate 1. HR substrate 1 al so

cost é@ﬁﬁwméé% syppeuts sandrigrthepyean by sslﬁctﬁﬁut@ ha\teoqyon@y@ﬂl gystalline
prop%ﬂfe?%g Sﬁilgr i’eaél% tf’o? %xeln? lg’i éﬂﬁ? o a ?18@@2&1'1‘%2 olPI-crystalhne

sﬂwﬁ@ﬁﬁtﬂc@lsﬁahﬁﬁé sby:od emsdet peIn-coystddlinoMidatinmitditlc,aand the like. It
silicon substrate The insul ating | ayer can al sq
can %léfhb? p seslaimp sibieompefar diat has Rsnmsed @inseqerding manugctuing steps.
t
s EET oo R e By By ERROARKIATRE 3 BYEEH on op
of theanpﬂu:et fubstmta biiehelovminsubatih layey 41 As ﬂ&Ohlghnresumlvity o2 @lﬁbstrate 1

nm. or. ot.her thicknesses R substrate
ariscS BT LR OR B Blfc’%‘rﬁﬂ%h‘fl@ﬁ)ﬁ P RDORt S G4 o aprefired that the HR
semﬂ&Bﬁ’d’H&tdrna}eP BaPiurfticmithisthAS AdSLARHAL Fhlé'l&%és%ro' tHétttHe refistivity of
standard resistivity suppoft is one that has not been
substtetsi lgineulitabde prltsmnwedmn@hogm ile Qreefemed: mb@ﬁmﬁms Hak a
i s stand
semlﬁgpchciqf\faay %%a 5gsist V}:% gi;eta HEH&E)B}H:::EJ é\%sl cm,r_o(;rmore preferably

greaf¥ @Al A outSI0A hai-dmO En D hildkn e §s&5eh$ & dnbbMC A @nH SHYE LR
about 8 Ohmcm and about 30 Chmcm Such

st Hdserdconslgrior fayet 3 peplgiplly cempisds amosphaul sficpRhaving high-

restlggg gg].tvc ead}% lgc#{ (fffh?)hingc(gplagﬁ {)? ﬁllte%%toﬁﬁ tq‘n glrnté?, SsSB4 raé%n.g

roperties or o

condEﬁfratﬁmamﬁ bﬁher PUPPOOL ﬁ-t}QﬁrdopﬁJr[fp thas erequeletably less than about
ﬁhi% stalllne si l.ican, §1cr ystal |l i ne SI|ICO

SX pﬁewly(; HipgeHpIe (4 TS HAORT G4 hpRred byigi@pigevith

nltrdﬁ ds af & a%@sl,ltg%f tbe% ap JtEL A (TR NPt 160 V‘cﬂ{\afﬁlﬁofﬂﬂ%ﬁs silicon

een use prectedi ng manufacturing ste
layessuivs plreédrmdkuajesh)eycc[mrhem@\addfd zgfhewe:sst&alndwntry{any types of supports.

sen c duc arran on t of . the su
HR STCTRAET BIEr beNoth HaOm ey -3y el g Ssgmgrde peterably
monlalcg;gglglsé SlikgH.ty of substrate 1 arises primarily from
hi gh-resistivity of sem conductor layer 3, it is

p r E f%lrfr 2dlusivates @mhﬁﬁnﬁgmm@m dlBRatubbenter 1 héthe invention which

d ff hi
comBittes sy B el bt SR B s Bk LBl RSRET BeiiBior

embbdihRAte AR dieaéitOthellde: Rigoer T Be gD oghd®abnorhidl resistivity,
sem conductor |ayer 3 has a reS|st|V|ty‘8§eater t han

highaisgisti vipog mapnrguetay lager m@gsd en Eroatypporg pestrate anHAAVIng a
s SO I A 1 57530, BB, AR S R st
layecdgpudite Riyan® anpdiges osithd marlaﬂnegvllagn@ tPirigh ﬂe@nptwrw dfYhese clements
are not repeated here.

In contrast to the prior embodiments, HR substrate 11 also comprises diffusion barrier
layer 6 on top of support 2 but below high-resistivity semiconductor layer 3.

The diffusion barrier avoids or limits the diffusion of contaminants or dopants from the
support into the HR semiconductor layer that would be likely to reduce its high-resistivity.
Such a diffusion barrier is particularly advantageous when support 2 may comprise such

dopants or contaminants. Diffusion barrier layer 6 can comprise single or multiple layers of



10

15

20

25

30

by virtue of a lack of doping (or lack of intentional

doping), e.g., having concentrations of either p-type
W@ro10/0025pe dopants that are preferably | ess the@I/akme/044810

5x 10 12 /cnmB8. Optionally, the resistivity of this

| ayer can be enhanced by doping with nitrogen species

silicah dﬁ)xf&énéih&dh Bfride€ednbinRRINRE theddmbRrih B8 dtRerkiatdBals, and can
Annrphous si i con | ayers are preferred si nce

/ cnB.

havg mlysk@aw Bat }@ﬂ@i@@d@@l htprr:fﬁ/’wsé gsbodinentsn ditwsipntbapgecs lafer 6
1 t org

coméer@ ?11&136 {1%%8?1?1%@ gﬁ) O)FI@%/ fifat ﬁlﬁ§%§1éa?easbrﬁ§/r%%r@(§geﬁedtorns than
stochﬁ@ﬁﬁtrﬁf ygt &liIN4nsilisdd mtmre I\Etrgjerr&hanlidoh wstidatfosingantd®emed by

enbodi ment of. HR substrate 11 of the |nvent|on whi ¢ch
cherpiglprapewsdepasitipn thagsankeitlasmapssisieelels kpayvp 49 be Both a diffusion

of the prior enbodi nents.

bart ?%%fiﬁﬁgqgﬂ%h %ﬁﬁgﬁﬁ%e support 2 having a standard

o r Itrshownte [be nadeérstobd ithiay diffiisgin-afelopatts and gonsenmaan fhoat the top layer 5

yer. 3 arranged. on the s ort. s rate and having.a , ..
into IR ER Ty R ST RBICyP: JRGap o7 SERERY 10 e se Peypated B ifulating
layef msarﬁh%h Bg elfé}ﬁ/ﬁhh@r RAERA %?@el‘%&‘tﬂ%%réﬁﬁ'tesﬁlh%hﬁm fb@¥% R ayer. For
2, and top layer 5 arrangéd on the insulating |ayer.
mstaﬁpr:,onsucimglgrlam Hans cofptisreseitredcenendiBcarmtrivotiayee featadact as an
ontr st to the prior enbodinents, HR

eﬂﬂ%ﬁ%@#ﬁﬁFEﬁTT“gl@@rconprlses di f fusi on barrier | ayer 6

onDi@iki®f baHpPaydr Coftbis ?b@ﬂ:ﬁ&\d B Bhtimest 5k ladiVdn¥ages beyond simply
sem conductor layer 3. The diffusion barrier avoids or

acting taicfigctivedy nmewn:rsiilfélrslqﬁ ofcipprartronegitampanty dige e fepistyity
semlgggﬂcgogﬁ% % 3. Th &1%51{;’§b%?1§%ﬁ1?&qy 3{58 ht1§r¥ Feém{lﬁ‘?}; diRyY rfé that can

O reduce 1 esl S
contdbﬁtfew@tmmlgiafersisamty of phasubstratecanhd caadvantagaousf Wpbhcies that can
ort 2 may rrPrl se such dO ants or contam nants.
rmgt@f@r 1f1t93ti1% hl%larﬁrlﬁté Y Ssyeronéueahlazz%rn%ﬁrrds@r@rrrr@rr@a%rlts resistivity.

m"LF upés%a tG%E N1 ?usﬂr t%'elrﬂb%aﬂngitso{ﬂ’ Iﬂ@thoés! i}o ﬁﬁﬂuﬁbttuh!ng ubstrates 1 of

nations o ese materi or ot er mat er
ﬂwlawﬂnman have a thickness of at Ieast 20 nn1 In

CoFisore S5 ERrIB R SiPreltd BTt wafidyggn comprise

e.g., tar}ﬁ&nd &9%@1‘% aIRSén Wﬁf& hﬁbﬁng Qg@ﬁstﬁ)‘it?rﬂét@&ﬁ'ﬁbout 8 Ohms-cm and about
'stochi ofretric, e.g., Si , Silicon nitride. Nitride

30Cmm@HHB|I|con nitride, for i nstance formed by chenica

k n %:1':1?? %3 ﬁ@lstrs%[lesge? géxg a#e]p SY@}Q%E}?F“E%P ?S gantaSSI ttee gti'ucture 7 by placing
and/Bi @RmirsHish-kasistiyitdk@hehductor Idyler SAWLEdIE2 UNBREYETi@Iductor layer
3 Ca{’l ggtfqrg{eféibl;glc gn dggosgglgigtuidgge% a%?o%l?or{]lsno? ?)tolsgr cf:rgrgcgllhilg 21110011 layer
on the support 2 by means of chemical vapour deposition or physical vapour deposition.

Figures 3¢ and 3d illustrate alternatives for the next step which forms and/or places
insulating layer 4 on first intermediate structure 7. The alternative illustrated in Figure 3¢
includes forming insulating layer 4 by depositing insulation material on HR semiconductor
layer 3 of the first intermediate structure, or by oxidizing undoped silicon HR semiconductor
layer 3 should this layer comprises silicon.

The alternative illustrated in Figure 3d first forms insulating layer 4 primarily on or in

donor substrate 8, and second, places insulating layer 4 on first intermediate structure 7 during

assembly of first intermediate structure 7 with donor substrate 8 to form second intermediate
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into the high-resistivity sem conductor |ayer 3 is

simlarly limted or prevented by insulating |ayer 4,
waedopersihe even further reduced by sel ecting PCT/US2009/044810

appropriate materials for this layer. For instance,

insul ating layer 4 can conprise a nitride-rich silicon
strudbiiferd Kigule@%e 0 da411E ABn@Sub@fat@® caf fitfll gr&)m@tﬂ‘sé W§h®fte insulating

barrier |ayer. Di f fusion barri er | ayer of th
layepr ef erred enmbodi nent has advant ages beyond simply

aci:i NG 39 11]?1@&238%& it ?éh% Bééwﬁﬁ% b%' {il Hrss't fﬁter& ﬂ?eoﬁlqlt ré) ‘7 and donor

ni nan 't i glﬁ-r Si's sem con ucto

subs&ate BioSothh kddead @neﬂn&ldtdt@gtrdcayw i[$ thl adtermative of Figure 3c ﬁrst
. high-resistivity dielectric that can contribute to t he
mtermf‘grﬁl? gaycsire ialrgadyt has warfageyasylating laydds waic frpthgmaliernative of

Figur® y{icﬂ?e 8nols RGBS hds Nt é‘eaiﬂsmt?(fgaﬁfer ANtE, éltdpf%otfﬁig}lor substrate §

resistivity semcon UCtOf
to ﬁrsn ﬂltmélatd sirulc'emb gcuvoptionaly e fe@shtaad 1by, Bdorelthaigey af @sembling,

enbodi t hods . f or uf act subs
a fu%b@fﬁﬁ@"?ﬁe % C CRPQyGH UrEeC q? F‘H%‘i“}e aé% r%mr?g@nﬁ%r of the

subsﬁuférgoa&fd/&olmshmngqa@@{d@rd resistivity, which can
conprise, e.g., a nono-crystalline silicon wafer

hain afna stepsios iliusiratgd be admesdhaiidongr Dbnsate thodiseboad onftrmediate

Fi t t st whi .
strugtire S Fodih4 foPH Foat bt tE ) 1R oipe R et edRfe elipignes. o
grindl @fid"et0l) bAdkIBcHBGieS t Sart ¥ uBie FICERIQHEKC(IN pbidyi@d iod iflantation and
support 2. HR sem conductor |ayer 3 can be forned by,

fractarqy), or ey dedhniqugs.an undoped anor phous or
po bﬁrlﬁé ¥1’? %%J OQE?S%VHQ%Q rgné(i_j g %ﬁu? H% %ﬂggpﬁgﬁ&g it %1 ‘tpeg aéigal}tageous

nmeans eposi Sl ca

to afgpdposirhalareatrdgd)r £BhAghanch ﬁ}ehtmbhts st ahsf@ht tenaturey €Shigh-
for the next step which forns and/or places . insulatin
resistiyife pemicgpdyctardayer At @8 nﬁema%neargqrp@wdwr s inffigdly deposited into a

poly?érl{gﬁfﬂﬂﬁé la érgli i hﬁéﬁﬁ&‘g‘fa?geétﬂleﬁﬂ %rlﬁ%ﬁ)’ ‘Pesfs'ﬁg ty/ ?Setﬁlsflgeml%]l%t expected

atin ayer epositing Tnsulation nmat
tob@mbbﬂnsaimdmnghdctor Iayer 3 of the first internediate

Sehitbihain AF Ry <henBthir 2 inhahedyt SaBAr peas HR substrate 11,

whlcShI a{sl d"e@dhbe&rrt%n{"ﬂrfs@i &%b%ﬁ bhﬁle&a Hy%ﬁ@ 6f tdﬂbﬂ:sww@z %dt under HR
first fornB i nsul atlng ayer prlnarl on or

semigondictay sy Batlbe 8resamtd:n§®dumt hey amelgrlthrsstglﬂaﬁt pmﬁg dmatgpérment

ce- AR B GES oF FERPPLR (i e PR BRERT S e

polighnd l%fmesa@&@{lﬂy | PG dBBEHi RIS b thebditepsAr&hGUEtFecalSl here.
Opt 1 onal | donor substrate 8 can initially conprise a
suFfeEads asraes intfial support 2 having standard resistivity.

Figure 4b illustrates a next step in which diffusion barrier layer 6 is formed and/or
placed on support 2, preferably by chemical vapour deposition (optionally plasma enhanced)
of a nitride rich silicon nitride material. Diffusion barrier layer 6 allows more flexibility in the
manufacturing process.

Figure 4c illustrates a further step of forming and/or placing HR semiconductor layer 3
on diffusion barrier layer 6.

Figures 4d and 4e illustrate alternative steps for forming and/or placing insulating layer
4 on HR semiconductor layer 3. These steps are similar to the steps illustrated in Figures 3¢

and 3d and the corresponding prior descriptions are not repeated here.
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| ayer. Figure 3e illustrates a further step which
bonds first internmediate structure 7 and donor
weasneztE 8 to form second internedi ate str uckCr/ESHNI/044810
In the alternative of Figure 3c, first internediate
structure 7 already has surface insulating | ayer 4;
Whielggird 2 it10§rAdstLfuidbd & @fwititithc8nt3thmedidte s is assembled with
substrate 8 has surface insulating | ayer 4. Bondi ng of
donqferbitratah &t fosme sgoansl lflter@@dlﬁﬁqts@wtem 9at e structure 7
ca I St f
as gle%g %151 @e% (Iath 11?1%%% 6[‘&1) %?ﬁla&e@’ ﬁ %u%ts{] Qt% eS)(opfggceo
intemwdfa%:ﬁr@furb 9t1§feﬂﬁddd’c‘tb Efoﬁﬂ ﬁﬁﬂtsub:ﬁraﬂe thb‘ kiiovad thidk@ess reducing
substrate 8 and/or of insulating layer 4. In a fina

tﬂ?%ﬂéﬁinot illustrated, the thickness of donor substrate
BRI BUEVE U S80S APHUBER Bersed

intradacing ingtogsn specigs, 1ntgrtha‘tda§&n ty et g.hfdomolg diffasion areisy layer 6 that is
.. Smart. Cut techni ques .(that perform.ion i ntatlon
nitrogFriph 56 DUORF S CoC o BB QU B h 5 Pt QG gRrocessing, o
by uﬁf)laﬁﬁrégeﬁ'f%g&gsﬁeféé cer g rlﬁ%génmgn@ hgrobi ﬁ?rl%%? 5 a'nH 11%%[11‘[19@ layer 4.

advantageolis to apply thefmal treatnhe
A prsﬁe@:ﬂadtcowmremrsofaamogqnesmsmsr imbetyecend O Uir/emoto 10 / cm3

hi ghresistivity sem conductor |ayer 3, e.g., froman

anor phous layer as initially deposited into a

poly-crystalline |layer 3 after thermal treatnent, the

high-resistivity is this layer is not expected to be

substantially changed. Figures 4a to 4f illustrate

enbodi ments of methods for nmanufacturing HR substrate

11, which as described, conprises diffusion barrier

| ayer 6 on top of support 2 but under HR sem conduct or

| ayer 3. The present enbodi nent has simlarities to

the prior enbodinment, e.g., the nature of the

materials, the resistivity |level of the materials, and

an optional step polishing before assenbly. Prior

descriptions of these steps are not repeated here.

Figure 4a illustrates initial support 2 having

standard resistivity. Figure 4b illustrates a next

step in which diffusion barrier layer 6 is fornmed

and/ or placed on support 2, preferably by chem ca

vapour deposition (optionally plasma enhanced) of a

nitride rich silicon nitride material. Diffusion

barrier layer 6 allows nore flexibility in the
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manuf acturing process. Figure 4c illustrates a further
step of form ng and/or placing HR sem conductor |ayer
W@2a0/00b5if usi on barrier |ayer 6. Figures 4d aneCEES2009/044810
illustrate alternative steps for form ng and/or
placing insulating | ayer 4 on HR sem conductor | ayer
3. These steps are sim |lpHEt@ . AMNSSteps illustrated in
Fi gures 3c and 3d and the corresponding prior
Whagéssddpimpsdiisins are not repeated here. Figure 4f
illustrates a further step in which the internediate
structure is assenbled with donor substrate 8 to form
a second methed sEcbhadfRctafifigle buiseraR. halingaidh-relstisityHR) properties
(%;ot i.llustrated), the thickness of donor substrate 8
for dgvicsw fbrigatrhiherw dhamethed caePLiFiags i s reduced to form
Vi kness reduci ng
E@Xﬂ%ﬁéggﬁ tﬁl%%la aM%Sﬁaépst ivity of HR
S eprovadioigied HR deaymdﬁctoahyﬁeorf the tiygrort, ﬂmr}é]%lﬂ;ag&ér baving a thickness

i ntroduci |tro speci.es_into that
betaieB ARG S TOUR MG PSR Pa e > greaachiran ey il of the
supgok€h soO nitrogen species can nigrate into

hlgh resistivity layer 3 during processing, or by

i mpioardingign mstllla‘og@hystpi@(yurw thégkgess et geogémnh @b 200 nm on the HR

th h .t d | at | 4. A
semisDAREF! 1420 o MRS RERE ot BB RLBIRE Yo o5 1S bet ween
10 adh3mbEAB tHeQuBraldwith e dobr &lbMirdds, Adaat s cl ai nmed

is: 1. A nethod of manufacturing a substrate havi ng

hi glueiagitleg thigkngss ofithe danepatbsirats ppeiondevi ces

fabricated therein, the nethod conprising: providing a
support having a first resistivity; providing an HR

sell con@he tethddayeraimrn wingeia uppesistivithel tthsﬁ@)Y)ﬁns a standard
haV|ngpa t hi ckness between 20 nm and 5000 nm an

resistigity § W@gm t PP a9 SQQM CRarnd e o gip dhe rﬁ@?gti“gty Q,flt’tl%/HR
serm?hxll L{(&?orsl reatB’ tﬂ%ﬁ %ﬂg 13“(2‘)%%15%6“ ing layer having a

cknes et en 10 nm an nm on the HR
sem conduct or | ayer or at the surface of a donor

substrate; ass | i ng the substr. te Wi t he dqnor
SUBst r adbe MR ARa H FHE MR ORHELE R SHREFoBegpr laver furher
compHR| eAd ROt irRBped silicon layer.

4. The method of claim 1 further comprising implanting nitrogen ions into the HR

semiconductor layer.

5. The method of claim 1 wherein providing the insulating layer further comprises
one or more of depositing the insulating layer and oxidizing the HR semiconductor layer or

the surface of the donor substrate.

6. The method of claim 1 wherein the insulating layer is provided at the surface of
the donor substrate; and wherein the step of assembly further comprises bringing into contact

the substrate with the insulating layer at the surface of the donor substrate.
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2. The nmethod of claim1l wherein the resistivity of
the support is a standard resistivity of between 8
w@omwomseghd 30 Chmecm , and wherein the resi stPi/U§2009/044810
the HR sem conductor |ayer is greater than 103 to 104
Onmcm 3. The nethod of claim1 wherein providing the
HR7sem ¢p@didtHodloflcRyar f{ﬂothémvfnpe@mggjr@ﬁémgwﬁlﬁbmgarﬁer layer
undoped silicon layer. 4. The nethod of claim1l
havipg g tiielmesoaisatcs thag 20 mp1 emthicrygppvirt badgierihe e of progidingethe HR
Semllaﬁldsu%ggrqg%guctor | ayer. 5. The nethod of claim1
WRET i n provi di ng the insulating |ayer further
conprises one or nore of depositing the insulating
| ayer and oxi di zi ng.the HR sem conduct or |ayer or the )
subt ace Tt MeHOdS Am B hraRomPrBINE FREIGHETS BB° OF Mercalgaironic
dovige RGO RIS Tne ot (BUEE HERAIR pRGrerics
compfisiag ererinl mofeunfiréiced sigpalilsssinb impgivad signdldo aont agto when
the substrate with the | lating | ayer at the surface
Operatfegtaﬁ CHEAES g{?ﬁ%@ﬂ@@:b&%he met hod of claim 1
further conprising providing a diffusion barrier |ayer
havi ng a thi ckness greater than 20 nmon the support
befor e Anmbsitaphofinghighirdiisityity {BRMRrapenties dorddeviass fabricated
th I.aytﬁr. 8 tThe nmet hod of claim 1 further conprising
3 ?Elébtsﬁﬁﬁc He"'8"Enhore el ectronic devices in the top
sewsGdeiIGl g 4 MYeresistitiey;f abri cated devi ces having HR
properties conprising one or nore of reduced signal ,
| 08 $1Rasrmicomstusios dryst gmanged on plet 8@peAtthe layheknvises wesdvity that is
r ' . I 0.1 GHz. 9. A substrate
greaﬁeté\t}l{aﬁlgﬂﬁﬁ%ﬁ%er%gsgig{stflglf/@wﬁ properties for devices
f abii imzaladdg tdyer Sranged be (IRUBDR sédicon @i lhgdrngid a
support having a first resistivity;.a HR sem conductar .
| af 64D SSHEREEIop Ry EHETgRpBR the lpﬂﬁat}ng;}@fer Rad pyEpbee for device
fabrfc?t%rﬁ““ ty that is greater than the first resistivity
of the support; an insulating |layer arranged on the HR
sem conduct or | ayer; and a top sem conductor |ayer
gre\r],&ggeﬁlhg Qubtsprgtelo % alirg Ile’/]tger!cigytl%r reglrs]tqvitsyuéft tﬁg lsuei)pfogtris a standard
resistivity of between 8 Ohms-cm and 30 Ohms-cm, and wherein the resistivity of the HR

semiconductor layer is greater than 10° to 10* Ohm-cm.

11.  The substrate of claim 9 wherein the support comprises one or more of quartz,
mono-crystalline silicon, poly-crystalline silicon, poly-crystalline silicon carbide, or poly-

crystalline aluminium nitride.

12.  The substrate of claim 9 wherein the HR semiconductor layer comprises one or

more of undoped amorphous silicon or undoped poly-crystalline silicon.

13.  The substrate of claim 9 wherein the HR semiconductor layer further comprises

nitrogen species at a concentration of between 10" and 10"/cm”.
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fabrication. 10. The substrate of claim9 wherein the
resistivity of the support is a standard resistivity
wW@Robmo2seEn 8 Chns-cm and 30 Chis-cm and wherBCTUS1969/044810
resistivity of the HR sem conductor |ayer is greater
than 103 to 104 Chmcm 11. The substrate of claim?9
whey el NThOSuLSHRR AT tlaG IRV hEER IR R ehOfR @bAIdoAductor layer
nono-crystalline silicon, poly-crystalline silicon,
is bapwesp 2 ymead PPN | i con carbi de, or pol ycrystalline
alumniumnitride. 12. The substrate of claim?9
wherein the HR sem conductor |ayer conprises one or
mon e, of Thasapeatcaforaph OUarthér doaphisidg autiffoged barrier layer having a
pol y- crystalllne silicon. 13. The substrate of claim9
thlcm%% geer than PRNEsed hettveen theypuppartandibe FRowprandyctor layer.
nitrogen species at a concentration of between 10 13
and 10 15/cnB. 14. The substrate of claim9 wherein the
t hilékne3be afbstrate ofilasett odretkic therdiffasien barsicblaywemmi2B3es one or
and 5000. nm,. 15. substrate.of clajm9 further
morg, g comagZE AP diooHepR B Heqn i Cnigidgpilicon nitride.
t hi ckness greater than 20 nm arranged between the

support and the HR sem conductor |ayer. 16. The
subgt r afbe afbstrhtgiomnctbm Whelratin thdhimsdatifgleyorhabartiricleress between

10w R R e e P71 TP B i 0 i Pish &

dielddtrid inf@riall  low RRIiG&dSE MAt@iaDlor GilidbibAdwher ei n t he
insul ating |layer has a thickness between 10 nm and 200

nm and conprises one or nore of silicon dioxide,
si kcon I [
di é%% oct ;Fﬂé gl[ﬂsﬁ*gt’reio? Ci’?illl’%? \gh t%:lg (jc)lﬁe ttok I%re{r@(irg&ll%ﬁ ‘mo%o c%t!ﬁhne
silicemubstrate of claim9 wherein the top | ayer conprises
nmono-crystalline silicon. 19. The substrate of claim?9
further conprising one or nore el ectronic devices
fahsi carpd iRrh RS rtARn il AYSF moflelediifhi
Subst r at oL S LG AT ATEHE! Rige SRERE mofCeledifhic deviee
fabrcatepin tesopseenioondwtoe lgkr.r educed si gnal | oss and
i mproved signal to noise ratio when devices fabricated
therein operate at frequencies greater than 0.1 Giz.

20.  The substrate of claim 9 wherein the HR properties comprises one or more of
reduced signal loss and improved signal to noise ratio when devices fabricated therein operate

at frequencies greater than 0.1 GHz.
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