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WD 2010/ 002515 PCT/ US2009/ 044510 LOW COST SUBSTRATES
HAVI NG HI GH RESI STI VI TY PROPERTI ES AND METHODS FOR

THEI UFACTURE BACKGROUND OF THE | NVENTI I
v%$£§§ﬁgggnvention relates to substrates strug@ﬁag%ﬁégM“no
that devices fabricated in a top |ayer thereof have
properties siml|ar tq the sane devices fabr n a

<t anda, SOPEEOSEEVEr NS HANIRG Bt B SRV
INVENTION 10 Exanples of'knomn'substrateswm[th hlgh

el ectrical resi ¢ ’?‘L.i PENTIE di scl osed

in docunents U ‘ s 6632040. Such
kn omhr—: prefeat indbetion rglane t@.stdbytraenmmmmeedasottbq:t dlea:yesr fabiicated in a top

r on which high f uen devi.ces
layPohFeal havg PR o AETIG 1 5 G4 G L aths CHECRiSH 1 &yiancasd el
resfitigfly gm& J @l b mRHBROE £ maruTa @R duBE bARESSs.
additional layers could be inserted between the
insul ating |ayer and the support to further 15

i nprove the hi erties of
t he substrate. k 1) i NT‘bRPare
ZUi Eﬂehhlﬂesl‘q efknd @ isalesSratess inhithi bight ﬂmﬂdcaﬂ emﬁmwn‘gx HEIR" substrates are
ecause they provide reduced 0SS.in the
disgiagrgon dovymans S SaGFTal T ar 05 SPGuobEtie, Sue Knam substrsts
ger{e%ity%qlg kO3 li)l‘er ut @ﬁaeh%y bh Yhidn'RER ﬁe(th@,r déiz'i&‘é\/%éﬁ K¢ formed,
ther'r st ca his is partly  due to
an fraglating lavenmmthﬁm)rslab@tmdtaésgh-mmw support. In Some lnstances
adc[]e *1 Vagagzs Is%é{él Ibg%%ﬁg LoF PRL ! S ttlﬂ &lstaﬁn a'y%reegnd%%h? ppgtq to further

impropPhicthigh diécaticat asistiisy propantes efthasubsg@ecer n when
substrates will_be used for f q% tion of devices to

be PHbeyhdmaynitt srbsirrtepares eYifes it inpraypdiperfermance
be&iﬁﬁbstﬂg?g oWd@q Eéd §1§+a§ TREIATRE Ié]%é)%{th ghﬁpﬂivg@ §ibn 4198 hoiSd ratio due

supports o ten arises becaus i r"manuf acture
to méwdme@sta&dﬂxey iswffer| frog @g@pﬂdmvda:gb their cost can be high. This is partly
duﬁI:TP \r/ltg g gy %&ﬁfﬂlo 3—%1%' 1{135%%@% dl%?l%ﬁéa?«%glgak%%&#vﬂﬁts&ﬁ%ﬁgftﬁa? Bre priced
at ma@vamdtoaﬁte:oh@atedw@tramy@emq@r}m esnpparts. tHigh sesp mrlﬁamcular

Such additional steps can_al so. inc]ude,
CONGRITWRRTY SUBHERteS) iléw werl e fAREGHIAT RS deHSH itk ﬁ@tegr@@?émg price

ser@ﬁgfebﬁﬁiuéﬂépﬁeﬁ by cuh&RYIRE Blessth hagktd ayer of the
support to further i1ncrease or preserve the )
hi glihe bighestoostiof R Supphis efitisirisat kgcaese thar menufhctuggequires
adcﬁtij%%l aggscﬁiag?s% olgls\n?{:os%t’(\)?c{/r}%?lalﬁ r N gli]cgi ad i 1%1%1 s?eﬁ% Pﬂ?ns involve multi-

es -
step dh® loh@th® Snnealing 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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structured so that devices fabricated in a top |ayer

t hereof have properties simlar to the sanme devices

wioARid63t_d in a standard high resistivity sulygtidd6oo044s10
that are sinpler to manufacture and of |ower cost

t han known HR substrates. HR substrates of this

.lnvention hav lications.in .1 010/ D025 .

g oI RS R cT P PSP LTS, BT olp AEaRaIGH ises, st

parBR0ArDYRl deRiceSthatdpefle &leEH e RRENGPicEIR} o€ 100 Rz, S4B as radio
particularly in devices that operate at high frequency

frequgpeycdavices Bipk pantlsfonmbin telgeqmmunipaipner radie grfestion applications.
devi i . . . . .
el e AR oo PltBcldRal, il RERMRLAR Sy it lowercost,

HRisobertdiseompaphge éop lepanangd alsippvet. -Iesisdd diiRelgnigsnrhaghesssistivity of

wi th | ower-cast 5.HR subst.rates c rising a to .
the |sl£pé>rt tq R&ov&&e&aglbaqsppwl% gj’fj t@g?ﬁ.nglfsuﬁga%% 1B‘ﬁen%on prov?des high-
residhi @ty 6faBd Shdl ¥iB¥raRiby théis S8R P@pbortivathid @iad€layer of a lower-cost,

high-resistivity of the final substrate, the invention

highresistigits semiganductos mafqripl-¢ Hoeordingly, the EPoshfag heve stangyrd
s A0 R0 o AUAPR s Uy B L R0E0L Y6 P Lo e orin o
proacleplodi-ogt yethblefos nppofactuciag HRasubstsdtendar d

resistivit nd optionally | r qual i and .t.hus .
cannors e b7 TyBBior Fwaks Ao ey Sy gpertes that

inchi@¥a §@Sjort RV A Astanahrd FBgvAG! AlhigAGedi¥ivay Behicahd@tor kd¥er on the
nore detail, the invention provides substrates having

supppw HulsErgiesar ippulgting layss opjtesshighragsistividy: layere and & tpdayer on the

_ ; st iy b rociatiy)

ns 10,8, OB ARl IR Raf RS Aty e
1000r@hrh/at. @ptioayidy, tierprovided suphtratesfusthenintlydd agéfusioahdrar layer

t the | i | ati.ng || . Th
st b G B8 sttt Rt Ehie can have a
I eSTISd inVdritibn 8ls8 Phidds Rdihob f3:QQ8nEVNIrGIR a $PBéttAORding high-

the provided substrates further_ include a diffusion
resiglyif Rppertgte rTheangthorsdercivda e dinghsuppRsheresenting 2 saadard

RN ALk el LD g o o
first idrsediatet syrupmep providisg anlineuiatatghloyks onriied fideinpmnedidicsgucture,

a su rt _presenting a standard sistivit formn .
assGrRBERSE inBUEAGR Sl BURA SRR PSR ¥ socofi Plpithediate
strgHs laha FidallPreli@ding the2Bickidssbf thBHefioTRAbsALR oFiiidetstiEintermediate

providing an insulating | ayer on the first

stryciire FnheEm sheesubstrate t pteonallygnetheds of dha mEentiop Sprtheg inglusle providing
, et ] [e.t . S
= d G oo P PR o L R et R B iviy
senitorclkoteskiyef t he donor substrate of the second
internmediate structure to formthe substrate.
Optionally, nethods of the invention further include
providing a BRIEFBESCRIPTION OFANEL DA WISIGRIppOr t

before the step of Tormng the hrgh-resistivity
Other features and advantages of the invention will become apparént 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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25 sem conductor |ayer. BRI EF DESCRI PTI ON OF THE

DRAW NGS Ot her features and advantages of the

invention will beconme apparent fromthe follow S%
WR2490038%50ns that refer to the appended dr awitsdéUs2009/044810
which illustrate exenplary but 30 non-limting

enbodi nents of the invention, and in which: Figure 1

i || Bigtreafat Jrillesthtadiamembodimenhef sethedsriat menufictyting substrates;
[nvention; Figure 2 illustrates another enbodi nent of

he substrates of the invention; 2 WO 2010/002515

PCTF % Qﬂﬂi&ﬂt@dws’:&n@ﬁéﬁénﬁﬂhﬁl@nt%@m&ﬁo@§ for dhap@fedfiring
enbodi ment of nethods for manufacturing substrates;

subg@fesi gure 4a to 4f illustrates another enbodi ment of
nmet hods for manufacturing substrates. 5 DETAILED
DESCRI PTI ON OF PREFERRED EMBCODI MENTS The preferred

enbodi DEWLEBCD BACRIETION O BREIFERRED BN BODINENTS

sho en a exanpl es f t he f,ihe
o b P rgferres GROREMeRS apd ARAPYE PREPIS deerbed BRIt shaHd bo scen as

exa-ﬁji}ﬁesscﬁ‘@l&esc%e oﬁtﬁ@nﬂéﬁﬁﬁnbut'n@b@é’ﬁmﬁﬁ M&é@nﬁﬁveuﬂm The scope of
deternmined Wwth reference to the cl alrrs 10 Figure 1

theunmsasttmmgn mwbm@wmowlmef@mg tq the clairgent i on of
S utblg ]t[ afes & e eglts a%gordﬁa to 91% ﬁ&e%ﬁ?xg S‘P{u'bgi?ar‘%gsdl étﬂmtured

a ave

80 ﬂlamaavﬁey fabﬁﬁated fi6:4 ﬂoﬁ dﬁyédﬂabﬁoﬁh@k@mi&ﬁtés Bingilar to the same devices
resn(itlw ty suhstrafe. Fy'gst@se substrates of

febfiggienin e PSSO y Theer Srtsgeot of e nwpptiogsere also
"gﬁgﬁﬁfeﬁ%& @éherelmg rIRREbLS. 1Tlfeasli!lb§i:@a‘{ee1 @arPﬂaQEﬁtdﬂmeter

g on its final application of, g
de@dingon its rfin@ltdpehc@panéte@ ,SBOOmnsmﬁsnmaozeot erai;a'ﬂmwrses
top

I
ul t ??}%ﬁgﬁeﬂ qu}l’ﬁl‘g%f OP I:élp{ €1, ﬁgé%g OIq glevc ed%glces ara ultimately formed.

In sonnasésMI¥vigeVd.€ ﬁﬁlOWh&DMbIS deotcns; da@be formed gcobfdﬂ@’@ﬂﬁown
t echni que@ydlrectly on and in top layer 5. In other

teckrigies dirgotly on gl ip tembaysrer ilaEthaERpey - alivm psperHEMT devices,
fur%k%%[% % gfrimtéuds%fg&&m 1 BrdProtiE& dn to i epsom@&,g 18 can

- . | ayer can conpr varl ous
compiserviaabes mtte:s@m c}mc@aqﬂ:pn@wg 1@ ddwet @m)laptpﬂn, €&t ingmo-crystalline

silig(ér?,l hﬁgﬁ ga%[nfdr 1u%a1trl1che aqus t&lg lhﬁernghﬁs 1(%&%3 g? i ?0}:{ %ger 5 can also
be tlagdeh ayofdifng @&F&Vﬁb application, need, and manufacturing 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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be chosen according to device application, need, and
manuf acturing capability, but typically varies
weRlodgensdbout 10 nmand about 1 micron. It i SRAIBE9/044810
that the thickness of top layer 5 does not affect the
HR properties of substrate 1. HR substrate 1 also
| S ' [ I r n i L ayer .5 i.s
cu A RS ORI .00 i BBl Bl supnons
cos8lekd thamHR suspeies, asd faether barshbamlcetcl @ hBsarch®ndad ichystalline
formed ejther by depositjon or by oxidation of )
ProRIHE R PG Seatyrss. eF O FREMPIS WP BRTS G CapRTISCCBNTZ oggcrystalline
g s . I o I - al . .
S P S Aol UL potdl i Rl FLR 1hd i 1
can| agpdresa reclaimedsstloon atager that dag brico losralsis pofeeding mansfab@ting steps.

| ay can froma few. .1.0..10 r. t 00 u
t o/ BB s Rkefa0) AP RRofbriskyhighBksishGies Seshioevk e f%s £%angBa on top
of tht SuppeRRIBsHaRDUS bElpRTitsubatinhilfBr 4.1 As GRHigRedsistiGitdubittate 1
.known in the prior art, has a standard resistivit

. A
arisgs BiRNAFRY frass fhedvigh-tegisaviprirsemicondudor st 3phy pigfemedidat the R
Senqaﬁidg&s{jl_a%/} I{QE gl%’f'ﬁgfénﬁ‘gsipﬁ b 's&fficﬂ:ﬁptlhi({kg%sg fs? F]l'gl% BRSedstivity of

resistivi IS standa or nornma
subptaate il cafuiteble ypis infendepamplicatamd Iol prsiferpd| eebekimeies; HR

exanpl e., standard or. normal_ r.esi stivityx, 3 WO
sereotReigbleYes et ARG @RSt e R0 DRGSR o5 Bigts rgferably
greSlarmhauisong 1 000hth-c3f) afd) AtHEERne SURBY S ABEAY-1ine 5 dS3000inky,

supports. cost |l ess_than HR supports, and further, can

be ﬁ&smc@adttcaﬂrm%?’ SEApTablY campriscs smarnhoresiligprohsying gh-

. . . c . . 0 . e
el P e SRS RARORY e SRR
cons¢ntiations efztthéndetypp of ytypeydopaits ihabaralprafermablyriesaithaniabeyt

g the Like. 1t, 5 can .al be a reclaiped silicon .
5 507 e pey- e SRR eod B s 2hBGe b iR wie
nitrsp@PspecicHR asdehsity off @€z 1ba@lveen DM’ e80! hicgtt- nesdrphdudisiiiéon
sem conductor layer 3 arranged on top _of the support
laygrs perpreferedsincaiBen e hequeddedzy lowypast and omanapy gypes of supports.
R L a3 SR S Ry SPARE FL oA, Bgles, Yol B,
mope-efystating stlicat. t he HR sem conductor | ayer has

suff.icient resistivity .,and suffi.cient thj SS _SQO. .

©helist PuleRR Bt dpline pE iR BB LGRS ShyPiiop vbich
corhprises sevealEemamp thac akistiilar kd cqf Spaidirgpcel@nfingds NBopsor HR

sem conductor |ayer 3 has a resjstivity greater than kK .
embsiments.oSimilrgleriets dpclysi SUpROst ohayiaa Syidart @nopRglesistivity,
BRSPS R s A 859 Briheh, SR0i SR
resisbviyr prsfesabingeghiothen 56 Qlynnchaimiuiefing lgyer drapshgad ani ltigh-resistivity
laygxygp?é}ﬁtggolfﬁ@%g? %nlﬁxgg%lér?gfthéj l(l)lgllﬂgtgng( l%r/‘er! ?’%lo(r ggscrli;ﬂ}o%gto &stael elements

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 mto 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

4
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15 concentrations of either p-type or n-type dopants

that are preferably | ess than about 5 x 1012 /crrB

Optional |y, the resistivity of this layer can
WSy doping with nitrogen species at P&WQ‘W’;"‘SW

of, e.g., between 1013 /cnB to 1015 /cnB. Anorphous

silicon layers are preferred since they can be
sili@madioxdde] sticoh pitride sombindtiens afmeye tyiseiglspdr athgypoaterils, and can

HR sem con o.,conpri . .
havar e RPRS Dt A Lth Lprefiiiea R eiRaRe i pign bar Layer 6
con’fﬁi‘ﬁ@s ittt ridhl iIN®n Hithie, ., ST iRt Fchipbth$dsradre Ritdger Biems than
nmbodi ment of HR substrate 11 of the invention which

stoczi:mnmtng,eesg sBiylls, silicen aitidn: Niftdarichsélicon mitrige, fergnstance formed by
cheélﬁérﬁrl l%gé)o%g g%[%g ls)ln%ﬁ'é% %{n? la@ Ivlagrﬁae asgfs e(ar is rl]cﬁg?ggd g@ﬁﬁtg% 8%'?11 ion

barﬁérsmdrarmgh-ree&nsﬂty dieteytric. hi gh reS| st ivity sem conduct or
| aye

25 ]'t é@”%‘ﬁ; c%ssgqo?éptg% gﬁﬁf;ﬂ(gf g‘f?ly fb at & and h&é’tlﬁlnge top layer 5

1ntd e lﬁ @tﬂeﬁgtlhﬁys%ﬁu&naﬁét@iﬂgféil 390 siHiGhy Nigdted ok );Sfe%hted B Rkulating
op layer 5 arranged on the i Tnsul at ] ng |ayer.

lay@r'réi @nd sty dvpn uﬁuﬂm wilueddehyesclsctingenpropristamatotials & his beyer. For

ins e nhRSE BEREban! BelofiSe Rblific ANPARLIIRIe LS hat can agt as an
eff@fentmlﬁfumﬁnsmlaﬂrayerz but bel ow hi gh-resistivity

R e e o oL D S5,
act{xl\lg ergff%%ve@%?ﬁ@hf dikiBn bP&daits Hf B ARG Hio h%‘i‘x%mﬁth%

to reduce I'ts high-resistivity.
sergicatidutios lacm' b aThls dlfﬁxsmnrb@mqr tayemis also aduént@@‘éﬂusdlﬂﬁ@tﬁc that can

Yy € [i nt S Qr n
co BRI R 5 By SRAE B aSHET 038 s con
mlgf’dtletmﬂ@ ltige higly-e¢ssstiOfty éen\ﬂﬁni?dhﬂ:ﬁlr Oyebl %@ﬁﬁh&ﬁﬂ&@ﬁe@ﬁ%ﬁy
ilicon dioxide, silicon_ nitri nat| ns .of

¢ heBigurgapa i 39 idlustyite erpbRiimpsts e? maihggs ctupjgg gubgtrates 1 of
the H\fe?l gss of at least 20 nm In preferr ed enbodi nent s,

d usion barrier layer 6 conprises nitride rich

si | Fgon: hltiuqmws nstlg sup}Svrki\lh’a\tmmtamdmxbrew@hﬂt}e whinhrcen comprise,

nitro
c.e pitRg vt PEUiOR ye BB T RUb oy rtlen B ¥ pigps-om and abou
3omﬁisaﬁ}@e formed by 5 chenical vapour dep05|t| on that

can_be plasma assisted, is known to be bof

di { Figaicoih ﬂllé%ﬂaiqsérneéhﬂepawhi‘?@ IﬁQT}T@ﬁf%ttmtﬂf{l%ﬂl%? Sirusgye 70y placing

and/br ﬁﬂ% i ere FSdeRRbnab@br 19 gucﬁl! s‘&?pﬁ 2 deRaRkScoRBtktor layer
cont am nan romt e top layer
3 chm gdn fcn'msd by,i ol. I@cpsmtmg amuiopod drhay)houe@rlpslysq:mthlam gilicon layer

on the support 9 By leaNs 0 c%emlc\él varf)%lli'r @epomgon 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 illusirated 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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| ayer 4, and can be even further reduced by sel ecting
appropriate materials for this layer. For 10 instance,

y 39 layer 4 can conprise a nitride-rig JabdoR4810
mtﬁ@tﬂlayer that can act as an efficient T?ﬁs?on
barrier Iayer Di ffusion barrier Iayer 6 of thls

st SR 57 PO oo DRSS PRIan Y Dttt gy mslaing
lay&Ont am nants into high-resistivi ty sem conduct or

layer 3. This diffusion barrier %]ﬁ Is also a
hi gignsseddysizatey a frdiee siep W lthbgp vt misrEsdipteishuetare; fand donor

sublfifie Ritd Po botd! ifdelfedpite SRt 9S I ﬂfeedlteﬁggveccﬁgz i RE Bt First

source o species that can migrate into
intdvmgthiatesgustinievi dlicadye hascsmrfdeﬁ:Maﬂath:@ﬂeyer 3; whide inuth¢ hlgarnative of

.in se its Si.sfivit Fi 3at ill.ystrate
Figuohianee whSiERs h i isre imstHapthe Anpodtipeof ot Sybmate

to fabt infeRBedifty Sitidn@e 7 dah @pfichalf bt FciRhe @by Deldit EHeQ;'tep of assembling,
support 2 having standard resistivity, which can

a fshepiter of polisling thy expasewHecE0f sntamedie iuctuss fangipreaf the
Subgfggﬂégqn@fof Sﬁbﬁlét}ﬂ t%ggpgt ween about 8 Chns-cm and about
-cm &

illustrates a next step which
for Im[Ea ﬁnall step nomﬂnmachdaﬁle tisitkness ofrdendr dupstpatas ofigecond intermediate

and/ rn1n i stivity sem caonductqr .l ayer .3
strgfire s fofcty O il S8 fa%reﬁchﬂfﬂgwhw e Tedvsing (SFiidpes. o8-
gmm’andebtcﬂl bacﬁi %ﬁﬁlklﬁésn Smaf Oﬂl@@tﬂ:ﬁﬂl Eéﬁ?orﬁf ion implantation and

X gstalllne silicon | ayer 5 on the support 2 by
HEghOT @

heptegligues. vapour deposition or physical vapour

d € pﬁﬁ%ﬁg fie stepég %igéggeﬁql@% a;ﬂ%r ?b‘&u&xbé H&Hﬁﬁ@ktﬁts@ﬂt &hBRLhYTageous

next orns an
10 applsuhatnalhgedtmy:ms Althmug‘hi sush treattmentyeah ’aarfsfcsmthename of high-

e, al terq@tltve illustrated in Flg r 3¢ ] cluu%les ited int
Tes‘ﬁ VIR TP PRSHFST iovg ¥ Spe MOR: H1ATHRBRRYSIIN 25 Mat ydepgyited mto a
pol§REREdIR e 19%r BRASL AR ddstiht, tAAMEH- re?nsafnt;t Rehik ildy&t is not expected

I nternmedi ate structure, or by oxi di zi ng undoped

to by subgraiaiRcBmEEéonduct or 30 layer 3 should this |ayer
Conﬁ?ﬁégg ﬁﬁifglt:f ateTéilrﬁ)oﬁlrfl @@&é‘t odslft}ﬁinﬁﬁﬂs&l%ﬂ. 'HR substrate 11,

Fi gu orns I nsulating |ayer primarily on
whigh ab descdbﬂfd) r:ommbms deftusiod, baamat lgec 6 nd foppdfaopmort 2 but under HR

|ns 4 on first late structu
serifisitiyglor Befy e e dliotimed bEL AT b B ol cvdaiment,
e gvvtﬂefhael@a f ths uliedriafl theBediRivit) 1dVebSB fhatefibB] 4RIGinaIpBodal step
WO 2010/ 002515 PCT/ US2009/ 044810 structure 9 Fi %ure

polzbingdystare aapmbly. Keebacssiiptians &f hege geans arnnetirgpepted here.
¢ or@l%[u%ezid%&%feﬁ‘ﬁﬁnh ﬁ}%cﬁ%i Hzg.rmé Qfelard 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 matenal. 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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Figure 3e illustrates a further step which bonds first
intermedi ate structure 7 and donor substrate 8 to
formsecond internediate structure 9. In the

WO 20UV METBve of Figure 3c, first 5 internmedi atf&T/US2009/044810
structure 7 already has surface i nsul ating | ayer 4;
while in the alternative of re 3d, the donor
s ubgguiatd€ ilBishrates & Burthacsiep mswhiglh t%wgntmag@ﬁawfsu'@nn@l isragscptbled with

dongp itsyf 30 FithCy ophinbartridiale Yl 51 & PLEVStuTe ]

ass@nitfidagep (bt illustried), teeRichiespof donbt iPsirdte 8 @X pasad
surface of |nterned|ate structure 7 and/or of the
integgipdinte stractareshig reshuces to; frag Magh sybstratg, by byknoyy thigkpess roducing
. step not illustrated, the thickness of donor
strate 8 of second |nterned|ate structure 9 is
r edDptishatly, thoresisfiviadf HR berhicanducior bayek b oambd fuirtbémiessased by

duci ng techni.ques, .e.g. ari and C
insp i Haach S R et brF g oS e B o P S pyss  thot s
nitrb A Féht @m@&geﬂﬁﬁeCIésro'&ﬁ fMER)e infhigh- i’t@fsﬂh@ﬁlﬂ?é@@.ﬁmg processing, or
During the steps_of assenbling and/ or reducing
by implendimgairogen spegicshe 8 adiitgaenipas krouglstop éaﬁpélayd mﬁ@lﬁm layer 4.

A R BB Sy b OP A e BRRAR e pafer ™ e

e.g., froman anorphous layer as initially deposited
into a poly-crystalline layer 3 after therma
treatnment, the high-resistivity is this layer is not
expected to be substantially changed. Figures 4a to
4f illustrate enbodi ments of methods for manufacturing
HR substrate 11, 20 which as described, conprises

di ffusion barrier layer 6 on top of support 2 but
under HR sem conductor |ayer 3. The present

enbodi ment has simlarities to the prior enbodi nent,
e.g., the nature of the materials, the resistivity

| evel of the materials, and an optional step

pol i shing before assenbly. Prior descriptions of these

tecl{rh
S

steps are not repeated here. Figure 4a illustrates
initial support 2 having standard resistivity. 25
Figure 4b illustrates a next step in which diffusion

barrier layer 6 is forned and/or placed on support 2,
preferably by chem cal vapour deposition (optionally
pl asma enhanced) of a nitride rich silicon nitride
material. Diffusion barrier |layer 6 allows nore
flexibility in the manufacturing process. Figure 4c
illustrates a further step of form ng and/or placing
HR sem conductor layer 3 30 on diffusion barrier

| ayer 6. Figures 4d and 4e illustrate alternative
steps for formng and/or placing insulating | ayer
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4 on HR sem conductor |ayer 3. These steps are simlar

to the steps illustrated in Figures 3c and 3d and the
Wt ding prior descriptions are not repgai 96kr000/044810

her &&)2% 2010/ 002515 PCT/ US2009/ 044510 Figure 4 ?

illustrates a further step in which the internediate

structure is assenbl ed w.{.h roSubstrate 8 to form

a second internedi ate sﬁmﬁ In a final step
WhabRicldilbdigt r at ed), the thickness of donor substrate 8

of second internediate structure 9 is reduced to form

final substrate 11 by known thickness reducing 5

t echini qUesh e Rtdr oA ¥rih DS shghRta¥ink i rebflivity (HR) properts

semhcon ucteo]rgadayer Ji.;lcangbg ?t hgyinlknc ergseéwgla{ ) properties
fondahcmcfa‘mnuagedrthctreingma nmﬂmmllcmmpmmg that layer by, e.g.,

form ng. diffus Hbar xer 6 that is nitrogen

ri clife %8 4%5,8{535 K% %rate into

VidSipSn IR kafnﬂca;ycﬁurcto% 1o ¢ cbrﬂﬂle Biifofts SeMR 1a9er hdwlg a thickness
antlng nltrogen Specl es, . 9., nltrog[en 1 on

beﬁmerb%ﬁbwn@a% Pfyun and amﬁlsqﬁmrbat P regpefe ean the ﬁr:@brepestmty of the
Sup%l?f erred concentration of nitrogen species is between
3 /cnB to 1015 /cnB. 7 WD 2010/ 002515
PCT pSrUﬁﬁﬂngm&ﬂsm&lﬂg afieEhaRlinkg Midl&w&s bietwaeh d10 medands200hm #n the HR

manuf u ubst haV| ng
semER et 4 ot P H i B bt oy ovi ces
f abid&ableg thdQibsirate wilhehdBiddesutaeaey dngi Ng: providing a
support havi ng a first resistivity; providing an HR

s eniedeiog e dricknegeef thpdenes sespplsPortionthe HR | ayer

having a thickness between 20 nm and 5000 nm and a
resistivity that is greater than the first resistivity
of 2.he Buppahed ofldaipr bwhdbimgharesisﬁ'siw aitthegupipestes a standard

Vi n a, thi ess bet 10 n 200 .ran .qn.t he HF
res B L OO0 DA G101 O RE bR AR T BaTIBAY oF e IR
serSibGIRluERE Riyerdis Hhﬁﬁ_lt)h% mﬂlmr_r-&he with the donor

substrate; an reduci ng the thickness of the donor

substrate portion. 15 2. The nethod of claim| wherein

the; resi-fid ¥ithdd & 1kl %H.&Q&r[}roédaing 154 BRI@%Ekonductor layer further

comprises depositing an undoped 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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resistivity of between 8 Chmcm and 30 Chmcm and
wherein the.resistivity of the HR sem conductor Iayer
is greater than 103 to 104 Chmcm 3. The net hod of

WO M2 Rher ei n providing the HR sem conduct diCT/ERz8}9/044810
farther 20 conprises depositing an undoped silicon
layer. 4. The method of claim1 further conprising
| nrpT’ ant i Ty méthedglalaimoh Sirihar eomprisingRrodéing e diffisseandrarrier layer

g kel 0 o s B bRy S8l g P

benﬁemﬁbﬁomgeﬁ he insulating |ayer and oxidi zing the HR
sem conductor |ayer or the surface of the donor
substrate. 6. The nethod of claim1 wherein the
i nsgl ati ' "
dortir sl EHE of S PUAELcbiprllif AUICRAEoR o iblc bltironic
deviicostith the topsgmricasactor lapey, thg fabricated (dmrlaest havinlgdﬂ% propertias e

ith the insul ati l.ayer. at the rf fthednor
corbiristhe e r DeoRy ) 50 es UBH B a0 OB 60 Gl BOSe g fben
opé?@c&dﬂ@ﬁﬁélfueﬁdl@slg&alerftﬁiﬂmﬂ}}ﬁzo”pfl sing providing a

di ffusion barrier layer having a thickness greater
than 20 nu on the support before the step of providing

Lo SSTEARIORS RS R, By oA cHoct bl

1 further conprisin rrca e or
thesdig ahe aibbicate dauprishse:i N t he top sem conduct or N ayer,

the fabricat.ed 3$V| ces. having HR properties
coni‘)f’qp@Pﬁg)‘aB‘H%a StESEVIYS r educed signal | oss and

| oy pivedmidaadtod m&%&@&a&ﬁﬂ tBe %%Bﬂ tﬁ@!—’ax 1Birdta resistivity that is
frequenci es greater than O. substrate

SIERiRy T gthﬂ@ﬁtlleélstﬂ\SWQfﬂh%uppﬂ} pr opert| es for -devices
fab£ﬂ1 ?ﬁlﬁt%\ﬁ & a?ﬂgﬁgedto%euhéﬁﬂt ﬁoﬁd&&%é] h

resi sem conduct or
I ayetommamgémbtmﬂaydn arrsuRp@ntthe mhﬂatli@/IEYer hady suigbk for device
reslstlwty that is greater than the first
fabpigaiaty j vity of the support; 15 an insulating |ayer
arranged on the HR sem conductor |ayer; and a top
sem conductor |ayer arranged on the insulating |ayer
and!&ui t Hid substeate ofestaine® whergin tharesshvity of the support is 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 compriscs

nitrogen species at a concentration of between 10" and 10" /em’.
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10. The substrate of claim9 wherein the resistivity
of the support is a standard 20 resistivity of

18 Ohns-cmand 30 Ohns-cm  and wher ei Bcrfif2009/044810
resistivity of the HR sem conductor |ayer is greater
than 103 to 104 Ohmcm 11. The substrate of claim?9

wher ei h ] :
rorid: or yE R RE RV R R Bbe B e IR ftbdouctorayer

is bPe¥n 80 YatLaaldI500@ns. | i con carbide, or poly 25
crystalline alumniumnitride. 12. The substrate of
claim9 wherein the HR sem conductor |ayer conprises
on r r L R by b | ACHB : ;
ol 7 cr TRt TIRRES BRAGRDARTRE SR bR having o
thiokhess grétontiendi0mnt amangi betwicen the soprt dnd\tee HRusenkoonductor layer.
conprises nitrogen species at a concentration of
bet ween 1013 and 1015/cnB. 9 WD 2010/ 002515
PCTY4JS2 033 /s0¥sA@&klbf clAm 15Rehesaih erdiffgsi@f baitied 185€2 comprises one or
wherein the thickness of the HR sem conductaor _| ayer .
morfedaysEs (EERRTISING siksoRkipidsn oitrieg righssiliconaigidesnd stlisoppatride.
claim9 further conprising a diffusion barrier |ayer
having a 5 thickness greater than 20 nm arranged
bet Meen Thesubsippaftclamd® whaeinfsoslaogdeyd: das 4 tyekmess between

16. substrate.of claim15 erei.n the .diffusion,.
10 gapd 890 FihiBH Ctie obis Shiarr YHpE obaylr ublopafiog yjen k
dieBtric @@ierthl, @Xb# e difliekttit &Ritdriat lor silicocetidai tri de, and
silicon nitride. 10 17. The substrate of claim9
wherein the insulating |ayer has a thickness between
10 a . ' : had :
ai o do. TheRTbu AR UG USRI CBE 1) ERAEL moho oFline
silicmt erial, a low k dielectric material, or silicon
oxi de. 18. The substrate of claim9 wherein the top
| ayer conprises nono-crystalline 15 silicon. 19. The
subst r atEhe@hibgtlatd 60 Daifnlr folBEr AIFRKIngioNE oPMBretlcdiidhR devices
el ectronic devices fabricated in the top
fabgestetigribeitopopmicapdictordgyepg. The substrate of claim 9
wherein the HR properties conprises one or nore of
reduced signal |oss and inproved signal to noise ratio
whell. deviteesbdtmbr ofcitiad wharieithe dBarepesticsapmprises one or more of

redilée %Jgengﬂogssa riren%troevred ts1hg%erl]l tg 'n%ise Tatio w:llgen devices fabricated therein operate

at frequencies greater than 0.1 GHz.
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