SI LI CON CARBI DE AND OTHER FI LMS AND METHOD OF

DEPGCSI TI ON STATEMENT REGARDI NG FEDERALLY SPONSCORED
WORBIBEARSBE OR DEVELOPMENT [ 0001] A part of thi SPCT/US2004/037064

i nventi on was made wi th government support under

Contracts No. NCA3-201 awarded by NASA and DABT

63- 1- 0010 awarded by DARPA. The governnent has certain

rights in this invention. BACKGROUND [ 0002] The
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has cemaim'ignbﬁﬁﬂmtmsenﬂance the filnms are deposited, various
et chi ng techni ques nay be enpl oyed to shape the

deposited film [0004] ' M5/ NEMS devi ces,
siliconis a primry nabg‘rélégkg con carbide is a

CRDZL o BE ressent HyuS it T i S0t pives ks, and, more
partichI&AP %%ﬂﬁ@ﬁe@&?eﬁue%ﬁhe?@ﬁng nn% é‘]\b%ﬁatecar bi de is an

advant ageous rial for use i nms for MEMS and
NEMS, particularly because of its exceptional
(0981 i caSemivendetirc aticroaand @hmnlwonmbmwl |sgstems (MEMS/NEMS)

S T ORI T e——

and bidSMBbPBHKEEs. WnSof the Hp&AMR iskBs e MY Ghi tNEIV[SSdevmes is the
been the inability to de osit uniformtilns of silicon

deposgignbetithin rﬁlmr @%H@i@@l smt;s substretes.haQnery ther Gy wfeedeposited, various

etcmngg%té' %p o8Y 3?3%% tfg 8%%33 q}& X %)%é]@&?@ ng (r) n\l\//s hlts [ gﬂ gl ly

subject to varl atl ons in residual stress, residual
[0004] In typical MEMS/NEMS devices, silicon is a primary material. Silicon

carbide is a material that has very good physical and chemical characteristics, and is noted for
these properties at temperatures above about 300°C. Silicon carbide is an advantageous material
for use in films for MEMS and NEMS, particularly because of its exceptional electrical,
mechanical, and chemical properties compared to silicon in normal and harsh operating

environments.

{0005] One of the barriers limiting development of silicon carbide in MEMS
production has been the inability to deposit uniform films of silicon carbide on large area
substrates having properties that are advantageous to and required for MEMS and NEMS.
Deposition of silicon carbide is conventionally subject to variations in residual stress, residual
stress gradient, and electrical resistivity. These properties are important to the proper operation
of MEMS and NEMS devices.

[0006] With silicon, residual stress, residual stress gradient and electrical resistivity

can be controlled after the film is deposited by annealing the film at elevated temperatures.



stress gradient, and electrical resistivity. These

properties are inportant to the proper operation of
WORNS 0884 NEMS devi ces. [0006] Wth silicon, reSi/usmbd/037064

stress, residual stress gradient and el ectrical

resistivity can be controlled after the filmis

deposited by annealing the filmat el evated

tenperatures. Annealing in silicon induces
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carbide filns deposited on silicon substrates,
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anneal i ng al toget her by i enmenting control of the

gradient; @ delggtrieal r resistivite sindihgl siticpe searbidadfibng duging the film formation

. rigal resistivity in the silicon carbide filns
(depomtg%fﬁ%oééﬁghe filmformation (deposition) process.

SUVMARY OF THE | NVENTI ON [ 0007] The present invention

provi des net hodSUMMARNOOFITHE INVETIONa substrate
t hat enabl es control of the residual stress, residual
.and el ectrical resjstivity of the

Q SS adi ent i

§ (izjsi t SGCFRTPITPt FRETRR BVides mickasaedf dapopigingfiilms on a substrate

that enaM&d EGHD] SP{IE%ﬁ&ﬁag @ﬁcss?fégﬂugfst}:§§ B fic! éﬂﬁﬁd&g iP 1488stivity of the
C d I an a 7| c

~ceram ¢ conpound having a neta hon- e
deposited ditmpo TdatnveRtied sxchidey filthhef fariousicongositions;ancle ay birgh@ic films with

film The,silicon carbide filmi deposited_b
the cerappifGHIERAEDY RsE FpEGIE: TR RA Bekelity abPaReEt Sriierahly, she film is a

ilicon caftideCHin. S THE GIRbE catVIPHRE i defdifed ' iti
SHeon Cr ez;ct i on chanber gnd evacuat i ; gdgt ﬁeggﬁglréri‘gﬁe@ {Vgp% deposition onto a

substratgyrsusk asea isdicow sihstrete] by mlocing theesubstrpter it ar meaofiont lthamber and

v BBl I 05 BBl B80St G5 o e chamber

maintaingd RPABSA 900°C. NE EFREcudordsddhOl dodlyterRl(50PRUY dEEEn) is supplied
standard cubic centineters per mnuté (seem. X

to the chambeg gh agiave gats Bif, aboutc h8Gstagdend] erbis centineet¢dGRY , mingte (sccm). A

on ARS8 ARG EDORRIERS. BRI B BB gt
54 scemt 8 thepetursdrs ehagipplicd, 1kd HREQFe dfthaRYction chamber increases and may

be maintained at a fixed pressure.

[0008]  Under these conditions, tensile films with appreciable stress gradients are
deposited at pressures less than 2.65 torr and compressive films with appreciable stress gradients
are deposited at pressures greater than 2.65 torr. At 2.65 torr, the film has a very low residual
tensile stress (< 20 MPa), a negligible stress gradient, and a resistivity that is less than 10 Q-cm
without intentional doping. So control of the pressure with other parameters fixed resulted in

control of the residual tensile stress, stress gradient, and electrical resistivity.



be maintained at a fixed pressure. [0008] Under these
conditions, tensile filnms with appreci able stress
w@e@dioeasss are deposited at pressures | ess t haPCRUSH04/037064

torr and conpressive filnms with appreciable stress

gradients are deposited at pressures greater than 2.65

torr. At 2.65 torr, the filmhas a very | ow residual

tensile stress (< 20 MPa), a negligible stress
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very | ow residual tensile stress (< 2
stress, stitaygliagicnt and eleelsicalgesisiém and a resi st ivity that is
| ess than 10 Wcm wi t hout intentional doping. So

(66394 " O! T p).ltegl%tt n!npe\ﬂtlBﬁ‘taE L1afed o g@%sﬂp%tgsl: ngeég% aggilécon carbide film

precur sor, i s case he STl
deposne&\llthd‘re@:t hrerw]:pdr gineteidual istesd s 160 MPacai 4 astfieddi®electrical

u nslle stress stress gradi ent, and
fCSISUVItJéFSéIEf f?‘é’é? et J0Sicrn, end tq sryenndyeier, ﬁ}*@\éﬁt andWEMS devices having

such subgtlsi& rel ates to substrates having a silicon carbide
I'l'mdeposited thereon in which the residual stress is
O + 100 MPa and the achieved electrical resistivity is
| ess than aboREICRIFIION @R dHODRATVIDIGRICt or, TvI EMS,
and NEMS devi ces havi ng such substrates. DESCRI PTI ON

THE W.NGS [ 001 Ei e 1 is a schemtic view of .
[tgaril!appaélg\lrﬁsl %géggqrﬁa]ilchxgex% ngb?ﬁpafaﬁ‘i‘r% HEG ;tﬁ‘f Bgggnt invention;
Figure 2 is a schematic view of another enbodi ment of
[@012pppaFigieS 4SLsthethatic view of another ermbodiment of an apparatus used in

the present invention;

[0013] Figure 3 is a graph of residual stress versus pressure for one embodiment of

the present invention;

[0014]  Figure 4(a) is a SEM micrograph of a silicon carbide cantilever from a film

made in accordance with one embodiment of the present invention,

[0015]  Figure 4(b) is another SEM micrograph of a silicon carbide cantilever from a

film made in accordance with one embodiment of the present invention;

[0016] Figure 5 is a graph of electrical resistivity versus deposition pressure for one

embodiment of the present invention;



the present invention; [0013] Figure 3 is a graph of
resi dual stress versus pressure for one enbodi nent of
wao b@spsssent i nvention; [0014] Figure 4(a) i s BCBHER004/037064

m crograph of a silicon carbide cantilever froma film
made in accordance with one enbodi nent of the present

i nvention; [0015] Figure 4(b) is another SEM

nicrograph of a silicon carbide cantilever froma film
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enﬁmdumﬁﬁDﬁﬂE@nﬁyu&mN@mmndep05|t|on pressure for one
enbodi ment of the present invention;[0017] Figure 6 i's
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carbide cantilever froma filmnmade in accordance wth

one enbodi ment of the present invention; and [0019]
[B9HRIr e Biguze & iy aigph of el@PféJ@@lrrﬁéﬁtwmé PISHS mswowﬂglagﬂow rate for
ate for one enbodi nent of the
one emb% s%k?f \}%nt |8to’jr11JV Al LED DESCRI PTI ON [ 0020] The
present invention relates to the deposition of film
preferably a sili OBETARED DESCRICIIONI m onto a
substrate with control of various properties, such as
resi duah, stress,. resi dua&ﬂﬁstre radl ent

d -
12P2Y¢ i dhe W%Sgpg{nygqt{oy refgtes ﬁo p@ﬁl 1090 ¢f ﬁEn preferably a silicon
carbide gﬁ&? 'HIRE AnfSa IshbsireleAl B cBﬂrcﬁe(ﬂO%ﬁdlﬁ rbr@f)erﬁbsc sﬁ@ﬁ Qs %cs1dua1 stress,

con substrate, particularly f use wt
residual NEMS miediemtesnd alhcérwaiwwmettwum, Tlhmevgm,om mlbbﬁ giescrlbed as 1t relates to

deposiigh 6T SIGPHE 4 FEPGEHSOr T s T e UG RLNENS devices.

The mvfeﬁtlldﬁ h%%fe%rc lié 3nlyYeReal ﬂeﬁ%}ﬁbhém Gesetiptibh laid dsSlimited only by the
desifable for usé in and NEMS devi ces, as

claunsmté@dﬁdlh@ednabove. Control of key properties, such as
residual tensile stress, residual tensile stress

@p?ﬂ;; e?LS&%ig@ndca%igg hirh,‘:@a'ruéu%?l? %BWC}%talﬁt{eog f(fj ﬁﬁnﬁs Qesirable for use

in MEMS and NEMS devices, as described above. Control of key properties, such as residual

tensile stress, residual tensile stress gradient, and electrical resistivity, provides SiC films that
may be effectively used in MEMS and NEMS devices. Silicon carbide films having low residual
stress, less than about 100 MPa, and preferably less than about 50 MPa, are highly desirable for
MEMS and NEMS applications. Conventional deposition techniques have heretofore been

unable to achieve such low stress values in polycrystalline silicon carbide films.

[0022]  In these and other applications, control of stress properties, such as residual
stress and residual stress gradient, and electrical resistivity properties also may be desired to

achieve other preselected values that may not be low stress values.

[0023] These films are particularly suitable for use in devices operating in harsh
environments because of the outstanding mechanical, electrical, and chemical properties of SiC.
Examples of such applications include pressure sensors for internal combustion and jet engines,

wind tunnel sensors and instrumentation, and instrumentation and control systems of nuclear



may be effectively used in MEMS and NEMS devi ces.
Silicon carbide firns having |l ow residual stress, |ess
wo bas/ogseut 100 MPa, and preferably | ess than B@DUS2080037064
MPa, are highly desirable for MEMS and NEMS
appl i cations. Conventional deposition techniques have
her et of ore been unable to achi eve such | ow stress
val ues in polycrystalline silicon carbide filns.
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properties of SiC Exanpl es of such applications
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controlRH %réﬂé?ﬁé’s léﬁ%mc%h' 8 sARGn ERGEAOIubSY &L whiich the residual tensile stress
nucl ear power systens. In addition, silicon carbide can

is at orineansmsee) the cléetvicaloresistivityt isresy tonraadithe razidual rt@imﬂe stress gradient is

on uch as accel.erati,on sensor bi o
near zef IR R HeRURPOPENA dO NP Ca SRS ICBhGEiyg: ceposion process
using dﬁdh@lo@@dﬂ'aﬁe ERLEL} 8 thegstehitsdiaos Biliesw (S D e ﬁnxtﬁfé bESW acetylene
carbi de can be used as an alternative materi al
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productic @ f SiCC Ak fiiving [the0 grsretics hﬂ@cﬁbédy ebysé.al Sué&sﬁhpproducuon of
films with controlled properties on silicon and

cantilewgrs, | befgasi owr@branghs epdt ddeeh IRHPIER!  FiguGtassdbas been completed,
demongtleaﬂﬁé khee xﬁ%ﬂlﬁ@sof \;tﬁe ﬁ'ita]te?fal B atéﬁ rLtPachlgan%F i fh%aglresent invention in

resrstivi ow, ~ an ens
mmronﬁt:]j;ﬁﬁ@@pmjﬂueﬁg is near zero. These filnms were

produced by a | ow pressure chem cal vapor deposition

process,_ ysing dichol oraosi | t he rsor for

$0025Eon Te & Polwedciing SRR BrSoNoT: St5A BhLIR RarEERnand/or the

depos1t es@ﬁret Ag%hffe%%r?'&{m]%& whAlk Reer pARRAAEANS RN %1}1 enable control

erm ne at contr of the silicon precursor ow
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occurs, allows_ for..production.of SiC film havi.n
Film QPTG by e dprishn ah Gk isan JBEST PP dHt o Sysor.  One of

ordinar§ &Rl {HEME S &E’térﬁgifesther%% &S pre@fifl | AHYRdon’ FREMRBE flow rate to
Structures as been co

achieve minimum residual stress, res1du stress gradlent and electrical resistivity without undue

experimentation, and use of alternate silicon and carbon precursors does not depart from the

spirit and scope of the invention.

[0026] EBxamples of possible alternate silicon precursors include silane,
trichlorosilane, and tetrachlorosilane, among others. Possible alternate carbon precursors include
carbon-containing gases, methane, propane, ethylene, xylene, butane, carbon tetrabromide, and

other hydrocarbons.



denonstrating the viability of the material fabricated
in accordance with the present invention in
worR@sosmehi ni ng applications. [0025] It is bel P&€wEs2004/037064

that control of the flowrate of silicon precursor

and/ or the deposition pressure of the reaction chanber

whil e other paraneters are fixed will enable control

of the residual stress, the residual stress gradient,
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art. Silicon precursors include silane, trichlorosilane,

and tetrachl orosil ane, anong others. Possible
al ternate carbon precursors include carbon-containing

dee%ss tahringle-spurep arasurset iy yseth ¢henjthen e, sepatatmenrbon precursor or

sicon SR R0y 5% 2 B e P by QYO RSB0 sbBPbg aio of carbon
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. and carbon. Exanples of possible single-source B
single souece i <be satbenr msgthe aried troachinye shermyoper vasiouafearbon gas to silicon gas

st | BSj ' j.bane..tetra | silane .
within g:lﬁ ncgntatr{l??lg:;d n%bttaﬁ '61{(55%3%?@%1@!& fUBetich AT QlXe appropriate rate to deposit the

silicon cabiderfitinhyitle el poedrtiessddsaxrdebove.
bi s-trinmethylsilylnmethane, nethyltrichlorosilane,
raet hyl sil ane, sil cl obut ane, _di sil abutane, and o
iﬁifzgit he ﬂ%‘?’étsg%‘ioérbaé % eSHC rasysidices BitEde, dﬁeNsb utibieon dioxide
. o r . . - »f 0] e .
(5102 RGN hiiae (SOMPPBIET i Bl K188 (RICINT 88 Yisg be deposied
with the snetiwelchf thé preseittiresntian siging et fppedprhonppecRessrs ofn e case of silicon
..., Silicon precursor may bhe provided to the chanber in
niride, PREAPORlS BGFVERT| oY bt sﬂaﬂg?ﬁﬁd g dPC8afoBchsitigon precursor, and
ammonge% kI'tQﬁandrr‘a biifgeBatQlsor! NTAN biﬁpor?ﬁ?égﬁlrstﬁhﬁoézl %?%e bAliffe deposition

e S|ngle source of the silico the sin
pressurg mayds wiied he achevon deppittibfilnahivdug the prodpiesties deb@ibed above. The
. roper éati of carbon s to siIicHn“gas . _
opt range of deposition pressure and Silicon precursor flow” rate may be determined without

undue experimentation in accordance with this invention.

[0030]  Other ceramic films based on a non-silicon ceramic may also be deposited
with the method of the present invention to achieve the properties described above. Use of the
term “ceramic” herein is defined as inorganic, nonmetallic materials, typically crystalline in
nature (but could be amorphous), and generally are compounds formed between metallic and
nonmetallic elements, such as aluminum and oxygen (alumina—Al,0s), calcium and oxygen
(calcia—Ca0), silicon and oxygen (silica—Si05), and other analogous oxides, nitrides, borides,
sulfides, and carbides. The flow rate of the nonmetallic precursor is held fixed and the

deposition pressure or the flow rate of the metallic precursor would be varied to achieve the



wi thin the chanber so that the appropriate reaction

occurs at the appropriate rate to deposit the silicon
w@200bi0tssf£ i I mwith the properties descri bed abPWBEUS2004/037064

[0029] Other silicon-based filnms, such as silicon

nitride silicon dioxide silicon oxynitride (Si O Ny)

and silicon carbon nitride (SiC Ny) may al so be

deposited with the nethod of the present invention
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.axygen (cal cia"'CaO, silicon and oxygen (silica" and
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and carbides. The flow rate of the nonnetallic

precursor is held fixedRadhg,Aeposition pressure or

the flowrate of the netfalTic precursor would be

varied to_ achieve theproperties descri bed above. The
dff3Hal Figigel endd2pdsstrate thprappeuateseandsedetaldonduct the following

CHL: flow rate be deternined w.thout undue
proce B HFREI bl L NSRS 61 8 e bt b per 10, 110t
a low pER&ikt vabbedemnitoalippaam toNdaciid&akdrk i, Ra98FeRNleaned using a

mat erial s_other than silicon may al so be deposited

standatg RGArqheaning proaedsre. ¢ hidicon wekse 14,ldmf 169 mo dietvictev avere placed into
a conv%%&nﬁ%@ﬁ%ﬁ% ﬁ%}izgﬁ?]ag %&&?ﬂﬁc?@ﬁx\éﬁ% ,ﬁ%ﬁfe 1@@ ! ﬁ%eagi% or deposition

chambet hEr1 1@nedsoR@7smaeini leafit 4uad Qb 5 Mxhehi dhSicle P aetwtdeRYwere held in a

. chem cal vapor  deposition.
SiC boat ?8, 11% that rgsted on g paddle 20, 120 attached to a moveable front flange 22, 122 and

herein

placed near the center of the reaction chamber 10, 110,

[0034]  In the configuration illustrated in Fig. 1, two small injection tubes 24, one for
the dicholorosilane and one for the acetylene, were used to introduce these precursor gasses into
the chamber 10 directly underneath the boat 18. To accommodate these injection tubes 24, the
furnace tube was of conventional design, consisting of a long, quartz cylinder 17 that was capped
on each end with metal flanges 22, 26. The injection tubes 24 were attached to small ports on
each of these flanges 22, 26. The front flange 22 consisted of a large circular plate that served as
the chamber door. This door was attached to a cantilever assembly for automatic loading and

unloading. The paddle 20 holding the SiC 18 boat was attached only to the inside surface of the



[0032] The exanpl es described herein use silicon as
the substrate material. The nethod descri bed herein is
woeaosliasss ed to use of silicon and silicon der P@UHUB2004/037064

substrates, such as silicon carbide and silicon
di oxi de, but rather can be applied to the deposition
on any substrate material where the resultant filmis
subjected to a residual stress. Test Procedure [0033]

front ﬂaEg'egdhor hssemeblP 22 This teadiflangd126 s aloamisable usrRTiwa® equipped with an

duct t he L?Llowgng procedures. Prior to |oading
outlet P%!t F 2t SrassaiiRcheds 1 the Kacaym Systeny 4B pRrecwiper aawameoﬁmultaneously

1ntroduc&{‘@im e‘eﬁo@%lb%wﬁg 'tl&g?%ﬁ g @Re?srl 1%%\%?(561%% ?rgboth Jhe front flange

appar at ane
22 andthwtemgﬂatgsaéndard RCA cl eani ng procedure. Silicon
wafers 14, 4 of 100 mm di aneter were pl aced into a

t | t- h t al t
(b acelng seatd aqfemetin Hited B 04 15 SR iR Ty 24 were
omitted. n ‘ﬁﬁ§ cgﬁ%zlriﬂﬁﬂ the RAGLE tdlrtoddiste B laNofl éﬁ@tttﬁ eylidd 1 17 that was

wafers were held in a Si C boat 18, 8 that restéd on
circular yadess eecmn aizlw frortt zof &30 wd eonienl imsHape fitr tha treft Hiydhe Zgont flange

st £ oPUBESLIER0 B8 FEN L O A0S PR 9D SIDSE .

rear 132 Ef the c?'hn@éiﬁleé(ﬂ&l fo fliHg@Chit ARstéddRBtadifbd LfRrtlzORippReI34 that attached
di chol orosil ane and one for the acetylene, were used

directly toothf (veewwn sEstemegs. @muwj@ intgedysed intpthe ¢Ihemberaigh gas inlets
125 and %{%‘t fid frtﬁ(tt fﬁjal}l%g rlQ %)E%S% ﬁv%?t :lthdaeg-[g %n&%cg c}&gvgd al %trectly beneath

€se ThJec
the wafecbsyeng.i onal desi gn conS| sting of a long, quartz

cyl i nder that vvas capped on each end with netal

fl anges 22, . The injection tubes 24 were attached

(9436 ral ThepWEméﬁs"é » 428 epnsisied plzngets biowep gnd meghanical pump

combmaﬁﬁtpptotfsh% th%@ ﬁtael%s %ré%sdn@ &ﬁﬁtjllafnt&]rq{t% fully loaded
oor ‘was

ser ve as t anber oor
system, @gdrdzhedf d:cmﬁgutaanhl Pfesmre &GS eﬁisﬂrqllleﬁmhroagﬁ pi@dsiu® control system 36,
oadj nd _unl padi ng he padd| e, 20 holding the SiC
136. A iy daivary &ﬁ@avaamw edptoreist ith dbe BisTHgeaiol The gas flow
rates and 1%@&)95”005&51%@&%056 qggetﬂgjeycoﬁgoﬂéﬁq a%h\feb ace control
s not novabl'e and was equi ppe an outl et por
computet spatermérot ashowohebhd @niphmtwadu the systioamh2®bePri6c Uit G oms controlled

wer e aneously introduced via the gas
VlarcSISt?VﬁS}l%’il?%ﬁO’tSmg%4 through gas inlets 25 and ports in
both the front flange 22 and the rear flange 26.
[0037] Each load consisted of 25 Si wafers evenly distributed in a single, 50-slot SiC

boat. The first and last five wafers were designated as baffling wafers to stabilize gas flow.

Wafers in slots 6, 10, 13, 16, and 20 from the loading end were designated for study.

Example 1

[0038] Fig. 1 illustrates the low pressure chemical vapor deposition apparatus 12
used for these tests. Depositions were performed for two hours at pressure settings from about
0.42 torr to about 5 torr. In several cases, longer times were used to deposit thicker films. The
flow rates of DCS and acetylene (5% in hydrogen) were held constant at about 54 standard cubic

centimeters per minute (sccm) and 180 scem, respectively. The temiperature was held fixed at



[0035] In a second configuration illustrated in Fig.
2, the injector tubes 24 were omtted. In this
w@omvkiogassat i on, the furnace tube consisted of BCT/U81904/037064
quartz cylinder 7 that was circular in cross section
at the front end 130 and conical in shape at the rear
132. The front flange assenbly 122 was as descri bed
above and was affixed to the front end. 130 of the
about 906901 Merfurnhbe waeabnfig@edwithnjeoydr tubles toégtsticadhe acetylene and
fl ange, but instead contained a quartz nipple 134 that
DCS gasestiptodhe sagiieeetdPef o t he vacuum system 128. Gases were
i ntroduced into the chanber through gas inlets 125 and
[0‘?}%\t S i bt ERRIIpbAHRGE He2dhidMedsasH fhaGilnaSyasakastieet optically
to inject the gases directly beneath _the wafer boat .
using a Neh8spef: GI086]A Flhspertrophatorsstst. eFh@Blm 1exddusd niypsseety sy defermined by

bl d.mechani cal i nat .
measuring 135,y EHAY OEAFE PIURER 058 C5C B B0 AT ] SRR w2 laser

based cuNaﬁP‘_E rhdhs@ridg!bysterh (RARHSI&hRBhdcegardhasemeatit, FSM 120). Silicon
configuration.” Pressure was controlled throu

h,. .
carbide filnmswareedapositadobn Hpth side3el theswaten #ad reactivg Sehing i3, CHF3/0,
137 i ded ' it trol.
mixture AL FITerat B0 e i batib e b e Yt

136 were controlled by a conventional furnace control

FUAPUL EpigE%SS @mstrart thheijonsHip detvesemethat depesition trressure and the
reacti on chanber was, control l.ed via resis

10, O ) ' .
residual teesil sitpse of the 6,2t PAA]C aspling troge i SEEsriTiSt i Gpsicdual stress
changed é{?\@%@oﬁkﬁ{ner %{a ?@:wagkegglréggfaffnﬁéh b Sbdl-€00 BPpS(cBhnpressive) at

ve wafers were ' _
5 torr, wHE S agReitebataabid 2.68torslaing har stratriesidua strass. fiibms deposited at

Wafers in slots 6, 10, 13, .16, and 2Q from t.,he | i
pressurcAemyioe! 234G A eha ST TSRSl U Eny 1EpgUPq and -100

il ustr . )6l iV iakii@ficated b
e TR B Sk SR FRALKSTERTRIE pamndoe e by

Figure 3performed for two hours at pressure settings from
about 0.42 torr to about 5 torr. In several cases,

| ' d d [ hi. i .
(PP T o BRI BeS R . BTRoEry SO Ry TR ey nhick
polycrys L QARSHIARt nBle 3R 04korddncet dadtathis exbngleC entchARERESe the stress
p

er mnute (seem) and 180 seem respectively. The .
gradienttas vasowst dapesities pheskutes.i Thel staesstgmadiesol the changerinthe swgnitude of

residual \g@a'éstsgq%ga];i uﬁgg o‘f’iéh% til'@kggstsp rSt%el'sI? egisadtieq:lté Ly %%%ecahﬂfever beams to

bend, whereas beams made from films with little or no stress gradient remain flat. For MEMS

and NEMS devices, a stress gradient near zero is desirable when the planarity of device
structures is required. A residual stress gradient in the structural layers of MEMS/NEMS
devices is desirable in applications where curved or strained structures are needed. In such
structures, precise control of residual stress gradient is required. Control of stress gradients

requires precision control of residual stresses.

[0042]  Figure 4(a) illustrates a cantilever beam 210 made in accordance with the
present invention at about 2.65 torr. The beam 210 is generally flat and exhibits little, if any,
bending. Figure 4(b) illustrates a stressed cantilever beam 212 made in accordance with the

present invention at about 3.75 torr. This beam 212 bends slightly upward.



DCS gases into the reaction chanber. [0039] Fol |l ow ng
each deposition, the thickness of the filnms was
wore@sisws4 opti cal |y using a Nanospec 4000 AFT PCT/US2004/037064
spectrophotoneter. The filmresidual stresses were
determ ned by neasuring the curvature of the silicon
waf ers before and after filmdeposition, using a
| aser based curvature measuring system (Frontier
ﬁmft'B]: ondkigirers ittestsatestie I‘eﬂecﬂﬁﬁl\/i“e‘s%ﬁ)nty SF Ifilmo mander imi ﬁEordance with
vvered osited .qn both si of, the_wafer
the presfe@fal@ff?%mataf cf ORI PEEFREC Wiy BetpdRdigied qe@tlonshlp between

depos1tfoﬁ;ﬂ?¥s§uttefh‘8184 %%cmﬂﬁ%ﬁh e hifinkAs %%bﬁ!ﬁaﬁ esidhRit Ogeurs near the

ers Figure 1lustrates the relations
depos1timatpmmnrd eitenlrle‘tpﬂm 1'es1dmalmt1esssaxrdethamch1d1taé strwlgn‘adient are nearly zero,
ul ti n fromthis

he.Si C at .90
namely s Gt & 60N o B eoHien| ST i S8 (B0 It AP gTR Fpessures from
slightly glr%bxatlﬁ%ﬁb&@ 9 d\@ﬁ‘ t()ta%Bﬁﬂ 4 g)tc)@t W ﬂKEéEr 1“?ahle@ 29 léEem hi Ogh relative

MPa (conpr essi ve) torr, with I ms deposit
to otheasemibomducmrﬁ ﬂntbdmgh%ﬂ)n@lemmeamment@ s\redm aladst ﬁesspolycrystallme

Fil ns ressu esfra about 2.5 torr
films ti} e ASGPRS Flts” SePREST FAF (e P Rebl SHIRD Roeetisdo use doping
procec@Béto- r@@@ceW@eleE’tﬁ@aM@hb@w@f of%‘éfxﬁ&ﬁldﬁ@tf atefidls| Bspec@My SiC. These
wafer to wafer in the sane run, as indicated by Fi gure

finding strgrgdy $)gesitribitelopingeduringrihe |dep@ntlomaangewﬂé be most effective using
te mab t 500 n |ck pol ycrystalline SiC
Condltl?r}sqﬁast%ﬁ% iowﬁ %58@% %es\%ngfaﬁjg s exanple to

characterize the stress gradi ent at various deposition
press@xesplePhe stress gradient is the change in the
magni tude of residual stress as a function of film
thi ckness. Stress gyadi entg (i:an cause cantilever beans

{0044k nd, Thinsemeao bRV WasTeseRi exsePt thatdhgdow pressure
chemic%lgvaﬁbf 8&)%&9153 %}g'(g&tug ??ﬂﬁsfrtﬁ%& in Eg 2% c?gasll raE‘P@Ct ors, s single front

a str gradi ent near
flange)t Heor phia rsemestqtf tedts,dbw ideposstionupresrues wias ma&m;annbddassdhtlally constant at

r esi dual ess gradjent. in the struct.ural ers of
about 2\g-ig, ﬁEﬂ/@ed OF 2& ol dhegiepm Bregurser, > B s e%&eilis » MRS rgried between

about I%Usrc&%dalﬂrab%hf & Q&Qnsﬁrh@cﬁdﬁ Biic BF ScfeRL sy iR BHEBgen) was fixed at

structures, precise contr residual “stress
about 1§ actingrand ithe tempgeniatuzel of m@mtafcubn oharsher evgxs nopitdiveadt & about 900°C.
requires precision control of residual stresses.

[0045]  As above, the films were characterized for residual stress, residual stress
gradient, and electrical resistivity. Figure 6 illustrates the measured residual stress versus the
flow rate of the DCS. The observed residual stress decreased as a function of DCS flow rate
until a flow rate of 36 sccm. The residual stress was substantially the same at a flow rate of 54
sccm as it was at a flow rate of 36 sccm. The residual stress as a function of flow rate, as
illustrated in Figure 6, appears to be similar to the residual stress as a function of deposition

pressure, as illustrated in Figure 3.

[0046] Figure 7 is a SEM micrograph of a micromachined second cantilever beam
214 made in accordance with this example of the present invention at a dicholorosilane flow rate
of about 35 scem.  As seen from Figure 6, a dicholorosilane flow rate of about 35 sccm

corresponds to residual stress of less than 50 MPa. Films with low residual stress values, such as

10



[0042] Figure 4(a) illustrates a cantil ever beam 210
made in accordance with the present invention at about
WQ2®5/089384 . The beam 210 is generally flat andPE€rROBIM01/637064

little, if any, bending. Figure 4(b) illustrates a

stressed cantil ever beam 212 nmade in accordance wth

the present invention at about 3.75 torr. This beam

212 bends slightly upward.[0043] Figure 5 illustrates

the sectdmd c&ahnﬁhsweﬁ bedm r¥di st Figutey7 otxHibit werynioge résidund catredaigeslient. The

secondfepbleyoRe B YASU R PR SR FOisT e BOTBrdEEr

deposition pressure and electrical resistivity. The

0047]UM BlgRed Biigal grﬁ;ﬂ@bﬁéwhw REGHAS Redls DOS flow rate, illustrating
ep03|t|on pressure at which the residual stress and

that the hléctrle@hr@m%tmfsit xbihsts grstiong mlamhlp é@iDG}S flew satenahied pinimum value

Q ectr a [ 43 | ess
of clecibesfS. ARy Erftbala A 8B Bl &3 ferd g agipm oS, Ao
with Bxhmpleahotht f2nf Wafefndthﬁﬂﬂﬁuﬁall% &oped felithel\/\ﬂuﬂn@g tdiegfer the deposition
val ues may seem high . rel ative to_other sem conductors

procesg.j ki fhidprgnmecihe elertdenl resdstiniymehieanddhe residiali stipss nearest to zero
occurrﬁcpétﬁclf)dgﬂejwl fa&eoﬁdébbﬂﬁ.%g {3k, were not doped either
ore or after deposition. It is comon practice to
use dopi ng pr ocedur es to reduce the electrical
r[@@48§t i legileoﬂhe smm’enbini@niﬁdmlyasrbbe nihatraiedelsypeloe abdwe description of

i C.., Th s str | y, suggest. t.hat doping. . . .
erbodTh G4 N Ao DR S LSGh HEpCiiped oo @t is ot the intent
of the %pﬁ&n@@@'rédtﬁ&soﬂ Hfitanf GW lﬂr@t\/"(h‘étsrc@ﬁ§ oANle iAW SIS such detail.

gradi ents. Exanple 2 [004 same procedure

Addm@@g, efvastages bod emdafécatu@e@ Wlﬁ welpiy appeatr to Meosk mhlfbﬂ;demsﬁhbeart such as

sition.a tu il str
the st Rl O SBR AN, dep BRUBRBPUEIYE: ks PRy Fovention i i
broadeFQﬁpeH@l is n6elimited 6 theesiesifictdeenild, erl@pﬁcbéﬂt&tﬂve ggﬁ@éﬁ@ aﬂ@%nethods, and
ntai ned essentially_constant at about 2 torr

ﬂlustraiﬂﬁ@ oKBRIc eV Eng [issditeRc ohCqordingly s éepariurest may laeag@de from such

e T L R —

fixed at about 180 seem and the tenperature of the
reacti on chanber was mai ntai ned at about 900 C. [0045]
As above, the filns were characterized for residua
stress, residual stress gradient, and el ectrica
resistivity. Figure 6 illustrates the nmeasured

resi dual stress versus the flow rate of the DCS. The
observed residual stress decreased as a function of
DCS flow rate

11



until a flowrate of 36 seem The residual stress was
substantially the sane at a flowrate of 54 seemas it
wWoRWsa19884 f |l ow rate of 36 seem The resi dual SPCEES208$037064

a function of flowrate, as illustrated in Figure 6,
appears to be simlar to the residual stress as a
function of deposition pressure, as illustrated in

Figure 3. [0046] Figure 7 is a SEM m crograph of a
m cromachi ned second cantil ever beam 214 made in
accordance with this exanple of the present invention
Weclaigt 5 dichol orosilane flow rate of about 35 seem As
seen from Figure 6, a dicholorosilane flow rate of
about 35 seem corresponds to residual stress of |ess
than 50 MPa. Filnms with | ow residual stress val ues,
1. A m8HU6H 0B AcpSNifie: 8QARRE afidd ik @h DHedFratkdby Bhémdl @apbr deposition,
exhibit very Tow residual stress gradient. The second
compusing | ever beam 214 illustrated in Figure 7 exhibits
substantially no bending. [0047] Figure 8 is a graph
ectr i I.SLEVI flow rate,
(2) %E?CSA étal%%sﬁgﬂi %@?ﬂr?héﬁ’%f%ﬁ% ca br@ggi stivity exhibits
a strong relationship to DCS flow rate. The m ni mum
(b) vaplingbiliebe ptacursat torths featfion ¢hambst atcphpriedetgrromied fixed flow rate;
3 Wcm occurs at 35 seem and 36 seem DCS. As with

Exanple 1, the fil re not ,intentionally do
(©) SHERBRE saibrhgrosntsat e FoRe T Ber the 1o bob R freg flw rate
exanpl e, the electrical resistivity value and the
(d) comtoImal 11l $tRSS iMBRIREbsifed sARA caffidy fik Wt céntidlng prevéure in the
rate of about 35 seem [0048] Wile the present
ireagtipn Feambeis been illustrated by the above
description of enbodi nents, and while the enbodi nents
- deschi [ K, it is not the
2. The B DT e SR B HEIRL o T "oy ey
limt the scope of the invention to such detail.
3. The Addthiotli afivddimald waiet ey the sabedrateoid isflicomticxuds e dilicanecadbids.
appear to those skilled in the art, such as the use of
al t.er.n .precursors ot..the deposition of, alternate,. .
4. Tho Fiefigl STRRpitck SYETeR s IRV RECEAT SOMRFoes By Byl sdliop carbide.
is not limted to the specific details, representative
5. The appRYdAS USaian @, WhérbRdSe piddetetthingd tfloat tave o xtangiliesn pfeowsor is about
and described. Accordingly, departures may be made
54 stangdmdsuble efatigletoss PTERBYE. departing fromthe spirit or
scope of the applicants' general or inventive concept.

6. The method of claim 1, wherein the silicon precursor is selected from the group consisting of

silane,  halosilane, trimethylsilane,  tetramethylsilane, dimethyldimethoxysilane,
tetramethylcyclotetrasiloxane,  bis-trimethylsilylmethane, —methyltrichlorosilane, silane,

tetraethylsilane, and silacyclobutane.

7. The method of claim 6, wherein the halosilane is selected from the group consisting of

dichlhorosilane, trichlorosilane, and tetrachlorosilane.

8. The method of claim 7, wherein the silicon precursor is dichlorosilane.

12



11We claim 1. A nethod of depositing a silicon

carbide filmon a substrate by chem cal vapor
wale@ssisson, conprising (a) placing at | east OPET/US2004/037064

substrate in a reaction chanber; (b) supplying silicon

precursor to the reaction chanber at a predetermnm ned

fixed flowrate; (c) supplying carbon precursor to the
reaction chanber at a predetermned fixed flow rate,;
9. The methodonfidlsind I j whereirethsturessurei in thp ecastipn sharslerds (cpagielled between
carbide firm controlling pressure in the reaction
about Qb7 {fEand 300440 et hod of claim 1, wherein the
substrate is silicon. 3. The nethod of claim1,
10. The WREHOAI T ddid SubisdreiatiBe pressirt i the @haionddambersis | dapgrolled at about
carbide. 4. The nethod of claim, wherein the silicon
2.65 totr bi de conpri ses pol ycrystalline silicon carbide. 5.
The nethod of claim 1, wherein the predeterm ned flow
s fet Skl i P ¥ 2R § controlled to
11 The o B e B B e e o ea i
minintae regidnat Siessin the depgsitedsiliswr carkids dilrect ed from t he
group consisting of silane, halosil ane,

12. The E‘{e:tpg?it |c{ﬁz§i{:pgfﬂg\§'(}§pt§%13ﬁ€%s@ﬁgﬂtlreassn % the deposited silicon carbide film is
betwdeRlabSREIJONIPY Gh DA A0l MRANE,

Is-trimethylsilylmethane, nmethyltrichlorosilane,
silane, tetraethylsilane, and silacyglobutagne., 7. T
13. The methodcpfofainy b, isreipshe e U harestionraner iperie/lpd at about
265%§on1the group consi sting of dichlhorosil ane,
: M chl orosi | ane, and tetrachl orosilane. 8. The nethod
of claim7, wherein the silicon precursor is
14. The dhethddodsidimne,. fit®8r cdimeristeg hoainpinig gienTedctiovhehaimber at a fixed
the pressure in the reaction chanber is controlled
tempgrgtifeen about 0.42 torr and about 5 torr. 10. The
met hod of claim9, wherein the pressure in the

15. The WRA SHE1ERAM §hefetn B THEQ tdn@stratredbabut 2065Ct or r .

16. The method of claim 1, wherein the predetermined flow rate of the carbon precursor is about

180 standard cubic centimeters per minute.

17. The method of claim 1, wherein supplying carbon precursor comprises supplying acetylene
in hydrogen to the reaction chamber at a flow rate of about 180 standard cubic centimeters per

minute.

18. The method of claim 1, further comprising controlling the electrical resistivity of the silicon

carbide.

19. The method of claim 18, wherein the electrical resistivity of the deposited silicon carbide is

less than about 10 £-cm.

20. The method of claim 18, wherein controlling the electrical resistivity comprises controlling

the pressure in the reaction chamber.

13



The nmethod of claim, wherein the pressure in the
reacti on chanber is controlled to m nim ze residual
W@ 20085898801 t he deposited silicon carbide fil mPQRUSI0E037064
nmet hod of claim 11, wherein the residual stress in the
deposited silicon carbide filmis between about 700
MPa and about -100 MPa. 13. The nethod of claim11,
wherein the pressure in the reaction chanber is
21. A meghnd of dengsiing abvligonpcagbide §iln, onla substreterhst Glamichl wapeir Meposition,
com ’sia#{)t her conprising nmai ntaining the reaction
. er at a fixed tenperature. 15. The nethod of
claim 14, wherein the fixed tenperature is about 900
(2) @laciig.at Tdast oretsobgdradé incd miactich chhmbed; n t he predet er m ned
flow rate of the carbon precursor is about 180
standard cubic.centigeters r mnute. 17. The net hod
(b) pmtqmme the regetion Ghambes ok a predetrayingd DrEssiey r s or
conpri ses supplying acetylene in hydrogen to the
(c) sfu@%}%ﬁﬂ%r&ﬁﬁﬁ@@frs&{to #he teBioh@h@mBér ARPededhisdPNER How rate;
cubic centinmeters per mnute. 18. The nethod of claim
1, further conprising controlling the electrical
(d) suppivang s1lieqn precurpr tg %pq eafioaghpmber at adlownpdemadhod of
claim 18, wherein the electrical resistivity of the
(©) GRER R Ee SHicoR e A A e S RRn e RS i M bepted silcon
edrbidefilmal resistivity conprises controlling the
pressure in the reaction chanber. 1321. A nethod of
deppsi t ilican_.carbide filmon a substrate by
22. The&’ﬁ%ﬁ?‘*c%ﬁ‘%ﬁﬁ%ﬁ viergs the %’ﬁ?trag%ﬁﬁflfcgpng (a) placing at
| east one substrate in a reaction chanber; (b)

23. TheRéthéBbidlaieh 1 1) evHeeds theanbahaehellicah dibxideedet er ni ned
pressure,

24. The method of claim 21, wherein the silicon carbide comprises polycrystalline silicon

carbide.
25. The method of claim 21, wherein the predetermined pressure is about 2.0 torr.

26. The method of claim 21, wherein the silicon precursor is selected from the group consisting
of silane, halosilane, trimethylsilane, tetramethylsilane, dimethyldimethoxysilane,
tetramethylcyclotetrasiloxane,  bis-trimethylsilylmethane, —methyltrichlorosilane, silane,

tetraethylsilane, and silacyclobutane.

27. The method of claim 26, wherein the halosilane is selected from the group consisting of

dichthorosilane, trichlorosilane, and tetrachlorosilane.
28. The method of claim 27, wherein the silicon precursor is dichlorosilane.

29. The method of claim 21, wherein the flow rate of the silicon precursor is controlled between
about 18 standard cubic centimeters per minute and about 54 standard cubic centimeters per

minute.

14



(c) supplying carbon precursor to the reaction chanber
at a predetermned fixed flow rate; (d) supplying

W@ R0050M88pr ecursor to the reacti on chanber at BCT/US004/037064
rate; and (e) controlling the silicon precursor flow
rate to control the stress in the deposited silicon
carbide film 22. The method of claim?21, wherein the

substrate.is silicon . The thad of claim.21
30. The fiaHpalot chita 2, BbpTEET the Tove 145 beaftseRquceusipT fntrolled a about
36 stamabtdQfbRf ceblimbittsZer nvi@eei N the silicon carbide
conprises polycrystalline silicon carbide. 25. The
met hod of claim 21, wherein the predeterm ned pressure
31. The jmethashof clrirg 3lorvhereig theflowsatagd the sélicanrprequiseihisr eppirolled to

miniriP€ rédh daPé%fésf{netﬁ{a* Hg&fsit'héfi EPGGe Iﬁﬁrﬁm the group
consisting of silane, halosilane, {rinethylsilane,
t et ramet hyl si | ane, di net hyl di met hoxysi | ane,

32. The trethodneft diaitnc3/; Ivdteedin dbé tevidanlestress in the deposited silicon carbide film is
bi s-tripnethyl si] yl net met hyl tri chl or osi | ane,
betwesemagﬂlét’%ﬁ%@q O FT@@@%M sil acycl obut ane. 27. The
net hod of claim?26, wherein the halosilane is sel ected

33, The hie@PdtdTRIAMBUDwheRs Bel MV lte BF MRISNRLATréRIRRT is controlled at about
trichlorosilane, and tetrachl orosil ane. 28. The net hod

36 stagflang] catbin cRRtimeligrsrper minke. silicon precursor is
di chl orosilane. 29. The nethod of claim 21, wherein

34, The %gét‘?hcﬁ 81%]%3{1 ﬁlggmél{%g r?ggllpéﬁ@g M&fﬂ{@? {%’% feaeA0d %RAI{’_[% I élt a fixed

ween abouf bi'c cen ers per mnu
tempa@areabout 54 standard cubic centineters per mnute.
1430. The nethod of claim?29, wherein the flow rate of
the silicon precursor i.s controlled gt aboui 36
35. The wedhd o 4120 B oV R the 12 tepmeratytR it 933.%@?80 fhe net hod
of cIaimZ;, V\,hereinthefloyv!ra.te of the silicon .
36. The %e%!fddf §PE1ainS quevfh_eféiﬁ ek fy&d&‘eﬂiﬁﬁ}a& Floke pdtd Ul hS 58S ?fécursor is

e deposited silicon carbide film 32. The nethod o
aboutcl &Qistandard ophigrcentimetees peesiinietal stress in the deposited
silicon carbide filmis

37. The method of claim 21, wherein supplying carbon precursor comprises supplying acetylene
in hydrogen to the reaction chamber at a flow rate of about 180 standard cubic centimeters per

minute.

38. The method of claim 21, further comprising controlling the electrical resistivits of the silicon

carbide,

39. The method of claim 38, wherein the electrical resistivity of the deposited silicon carbide is

less than about 10 Q-cm.

40. The method of claim 38, wherein controlling the electrical resistivity comprises controlling

the flow rate of the silicon precursor.

41. A method of controlling the stress of a silicon carbide film during depositiors of the silicon

carbide film on a substrate to achieve desired stress values comprising
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bet ween about 700 MPa and about -100 MPa. 33. The
met hod of claim 31, wherein the flow rate of the
W@ R00s0Ms8pr ecursor is controlled at about 36 spPerus20d4/037064
cubic centinmeters per mnute. 34. The nethod of claim
21, further conprising maintaining the reaction
chanber at a fixed terrperature 35. The net hod of
claim 34, wherein the fixed erature is about 900
(2) plaving 6t leTHonasEbiyatein agpastion she am erein the
predetern1ned flow rate of the carbon precursor is
Fansiser ik 6d fow e,
(b)s ﬁ%ﬁg@g&@gﬁ%ﬁo %E Mertgfﬂﬁsf%gm%ﬁﬁ% car bon
precursor conprises supplying acetylene in hydrogen to
(c) sipplying earbbw prechmobiertha thamtfer ete predetenningd §yed Fpgy rate;
standard cubic centimeters per mnute. 38. The nethod

of c¢l.aim 21, fur.ther r [
(@ capediny Baiprissuitdd 1 egRR b0 RELER e pReh b sress yalnes
met hod of claim 38, wherein the electrical resistivity
42. A m@tﬁo& Be cempsItng et shreks Gﬂl siteohicabidesfilne daritg depativon ofithe silicon
40. The net hod of ai m 38, V\Qer ein controlling
carbldqqfelnemewbsérate tP@§1P1§YfP sitgd SEF VRNEL CUBRHSRE | i ng t he
flowrate of the S|I|con precursor. 41. A method of
t n carbide film
@) pcii%ﬁ% e (lsep(%lselsjtals%tﬁ*%?asﬁg&éﬁ (f}iggir?&gar bide filmon a
substrate to achi eve desired stress val ues conprising
(b) ridiftajniny the reegtion chaalsyr aba preslatyrningd pres#irg; r eact i on
chanber (b) supplying silicon precursor to the
rede e [ f
(© S PRS FAToR aBH bl et et el Bl ixelow rate
predeterm ned f| xed flow rate; (d) control ling the
(d) dOR@SIHHE &ht Hlowheate edosilicon pleeurber providad Hbethe aliamber to achieve the
desired stress values. 42. A nethod of controlling the
desirecks$Tess values | i con carbide fil mduring deposition of
the silicon

43. A substrate having a silicon carbide film deposited thereon, wherein the silicon carbide film

has a residual stress of between about 100 MPa and about -100 MPa

44. The substrate of claim 43, wherein the electrical resistivity of the silicon carbide film is less

than about 5 Q-cm.
45. The substrate of claim 43, wherein the residual stress is about 0 MPa.
46. The substrate of claim 43, wherein the substrate is a silicon wafer or silicon chip.

47. A micromechanical, microelectromechanical, nanomechanical, or nanoelectromechanical
device comprising a substrate having a silicon carbide film deposited thereon, the silicon
carbide film having a residual stress of between about 100 MPa and about -100 MPa, and

electrical resistivity less than about 5 Q-cm.
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carbide filmon a substrate to achi eve desired stress
val ues conprising (a) placing at | east one substrate
WO p008/0#988&ct i on chanber; (b) mai ntai ning the reRCT/UV04/037064

chanber at a predeterm ned pressure; (c) supplying

carbon precursor to the chanber at a predeterm ned

fixed flowrate; (d) controlling the flow rate of

S|I|con precursor rovided to the chanber to achieve

48. A mpjeryeesharigals tpisseslsptipmeehanital, meanopeshardeal, v hanpekectromechanical

I 0 t wherein the
devit) oRhisHY bl IVASROSIL GL PG T B8R ety the method
of ciimut. 100 MPa and about -100 MPa 44. The substrate of
claim43, wherein the electrical resistivity of the
silicon,carhide filmis l.ess than about 5 Wcm 45,

49. A ppigrorgshanicgle TaicTqelesiramachanigy r@mmqaham@, ianangelestygmechanical
device RRRIsiry MithstdR hathg SR f
° t he g%%strate ﬁs a 51 ?con ﬁ%#g#ﬁ%?fi gﬁﬁ%%ﬂﬁggiﬁﬁjkhen“ﬂhOd
of cheimsi Zdr omechani cal , rncroelectronechanlcm
nanonmechani cal , or nanoel ectronechani cal device

Skl aV| n i) co car bi
2 A TERE AU At B A e s
CHURISZEy ess of between about 100 MPa and about
- nd electrical resistiyity [ ess than about 5
(a)\R}ac’cmg afgéfé?m}f FROSF SR BLhLeRF R © \{’ €Foel ect r omechani cal ,
nanonmechani cal , or nanoelectronechanlcal devi ce
(b) SRS D hedestios LhdhSer AR bReRriBinel #28d @é}ﬁpérgt%ré i1m
deposited thereon by the nmethod of claiml
m cr.omechanj cal , m croel ect ronechani cal ,
(c) rupRiTBE HaRRLiS clerpnt RipwEtas Jo thireestion chimben hice predetermined fixed
gﬂﬂpf §|ng a substrate having a silicon carbide film
eposited thereon by the nethod of claim?21l. 50. A
nmet hod of depositing a ceramic filmon a substrate to
(d) aupplping andesetebit demémuatostoresshe fedctionfdhamber at a predetermined

%10){”8 ﬂow ra%e and

(e) controlling the stress in the deposited silicon carbide film by controlling pressure in the
reaction chamber.

51. The method of claim 50, wherein the film is a compound semiconductor film.

52. A method of depositing a ceramic film on a substrate to achieve a desired residual stress in

the film comprising:
(a) placing at least one substrate in a reaction chamber;
(b) maintaining the reaction chamber at a predetermined fixed temperature;
(c) maintaining the reaction chamber at a predetermined fixed pressure;

(d) supplying a nonmetallic element precursor to the reaction chamber at a predetermined

fixed flow rate;

(e) supplying a metallic element precursor to the reaction chamber at a flow rate; and
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(a) placing at | east one substrate in a reaction
chanber; (b) maintaining the reaction chanber at a
woe@desmsssri ned fixed tenperature; (c) supplyi NBCT/US2004/037064
netallic elenment precursor to the reaction chanber at
a predetermned fixed flowrate; (d) supplying a
nonnetal lic el enent precursor to the reaction chanber
at a predeterm ned fixed flow rate; and (e)
(f)(g@mrqalg\pg ithigmetadlicselement pracurbe fd:avaia teeachidviei th® desired residual stress

car t.r.ol.ling pressure in the reaction
%tﬁ%gﬁaos éld%’ﬁ%oél% ﬁ%gh&‘ cl ai m 50, wherein the film
is a conpound sem conductor film 52. A nethod of

53. Theteytisid ofitdaien 39 fdetedn fHel OB a@oﬁipbﬁﬁc[ finflcdRuaehifaue a
desired residual stress in the filmconprising: (a)
pl aci ng at | east one substrate in a reaction chanber;
(b) maintaining the reaction chanber at a
predeterm ned fixed tenperature; (c) maintaining the
reacti on chanber at a predeterm ned fixed pressure;
(d) supplying a nonnetallic elenent precursor to the
reacti on chanber at a predeterm ned fixed flow rate;
(e) supplying a netallic elenment precursor to the
reaction chanber at a flow rate; and 17(f) controlling
the netallic elenment precursor flowrate to achieve
the desired residual stress in the deposited silicon
carbide film 53. The nethod of claimb52, wherein the
filmis a conmpound sem conductor film 18
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