12 AUG 2003 -- 1 METHOD OF DEPGSI TI NG AMORPHOUS SI LI CON BASED  FI L1%B AUG 7003
HAVI NG CONTROLLED CONDUCTI VI TY CROSS REFERENCE TO RELATED APPLI CATI ONS 5
This application is a continuation-in-part of U S. Application Serial No.
08/500, 728, filed July 11, 1995, and entitled "Method of Depositing

Anor phous Siticon Based Filns Having Controlled Conductivity,” which is

I ncorporated herein by reference. BACKGROUND OF THE | NVENTI ON 10 The
present invention generally relates to a nmethod of depositing on a
substrate an anorphous silicon based filmthat has controlled electrica
conductivity and nore particularly, refates to a nethod of depositing an

anor phous silicon e fi t LVi I n between
that of an intri %Ei%%@@tﬂI&%ﬁAﬁgﬁﬁ%ﬁg Sjgg(ggﬁta%‘%ﬁbﬁous silicon.
The filmmay be depogi t S Iﬁ?gﬁhqq} vapor

deposi tion process. Fﬁtgg%gﬁpﬁ$§%rs, ?Fgﬂﬁggﬁéﬁjﬁpsp ay devices have been
devel oped for use in many el ectronic applications including notebook
conputers. One such device, an active natrix_ Liguid cr al display, has
been used frequent | =REBSFEER L ALEDA 4AdAVRS devi ce has

I nherent |imtaty . . c b RS Ul fAQE 2 ygations. For
I nstance, |iqui J‘hgﬁgglgﬁo&légﬁgﬁn%gsgﬂggéégﬁ?ﬁiﬁ? gﬁ%{al}{ns’\%?gﬂtrﬁgns such as a
sl ow deposiggisun, R8okles Julgfl 129y andientRick i Muthadrof Repasisng Anghphansuf act uri ng
conplexity and | ow yield. The displays require a.. omer-hungrg fl uorescent
back! i ght ~ \iligoa Bm%/ Fibms Haang Gontrollsd faadedvitn” Which 1§ IRGORATEIES hegedh) ay

I mge is albsgetgirefnucult to see in bright sunlight or at extrenme view ng
angl es <h presént a major concern in nmany applications. 25 A nore
recently devel oped devi ce BACKGROUNEOFSHIDINVESNTIAGN (FED) overcones sone
of these limtations and provides sjgnificant ben fé&s over the liquid
crydx al di spl ay dewnressst lnmthnﬁﬂgﬁﬂb{el%tﬁﬁomhﬁ‘iQ WPHHRE °BBnt rast rati o,
e i S0 APk or b GG ic BRI PG ol d WA AP U2 DRTP! | o

and a wi der “opera enperaturé range en conpared to a typical thin
fil m transizstekork ipatticdlarly, relates to a method of depositing an amorphous silicon based
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film that has controlled conductivity in between that of an intrinsic amorphous silicon
and an n* doped amorphous silicon. The film may be deposited onto a substrate by a

15 chemical vapor deposition process. In recent years, flat panel display devices have
been developed for use in many electronic applications including notebook
computers. One such device, an active matrix liquid crystal display, has been used
frequently. However, the liquid crystal display device has inherent limitations that
render it unsuitable for many applications. For instance, liquid crystal displays have

20 fabrication limitations such as a slow deposition process of amorphous silicon on
glass, high manufacturing complexity and low yield. The displays require a
power-hungry fluorescent backlight while most of the light is wasted. A liquid crystal
display image is also difficult to see in bright sunlight or at extreme viewing angles
which present a major concern in many applications.

25 A more recently developed device of a field emission display (FED)
overcomes some of these limitations and provides significant benefits over the liquid
crystal display devices. For instance, the FEDs have higher contrast ratio, larger
viewing angle, higher maximum brightness, lower power consumption and a wider
operating temperature range when compared to a typical thin film transistor liquid

30 crystal display device.

Unlike the liquid crystal displays, field emission displays (FEDs) produce



30 crystal display device. Unlike the liquid crystal displays, fieI&flAU52m3
em ssion displays (FEDs) produce 1'. AUG 2003 2 their own |ight using

" col ored phosphors. The FEDs do not require conplicated, power-consum ng
backlights and filters and alnost all the Iight generated by an FED is
visible to the user. The FEDs do not require large arrays of thin-film
transistors. A major source of yield problens for active matrix liquid
crystal displays is therefore 5 elimnated. In a FED, electrons are emtted
froma cathode and i npinge on phosphors on the back of a transparent face

plate to prtﬁ%ggxgrpq{]%;g%%olhéefi :p§0 AgMN "[thQ ﬁ%rhot ?eqtﬁﬁ% Q&ﬂpgﬁgd?escent

process is e 'ent ways for generating Unli ke a

convent i ongloweREon&siAg Bha@lghistinad filteisAnb afmést a1l dwlight gerteraned span EED 10
typically an array of en1tt|n%£glcrot|ps. The vol tage _difference between

the cat hode viste tdde gatre Tox FERstde net wguire tases areays ehbin fim sgesigay A
| erates_th t owar.ds t h . The. eni SSi.qn: thus th
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em t§ing medigfindled, The cleanliness and uniformty of the emtter source

material are therefore essential. 15 N?st FE aégwfvacuated Lo | ow
pressures, i.e., mOFED, glactroppansreguited irgn g satho PRRIBESH AR PPHNOB ¢ t ed

| ect d.t ’ i teri ti idpS -
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el ectrons df axhoddl@mieseentipedcads i one Diiehd st efficehtdweyd &sigeneratngh bghts
devel oped for a display device used a_ .20 netal mcrotip emtter of
nol ybdenum Unhikes @ eanvengienaldeRT aeash pieed an g f&iD has 1$ pWp clegliPRiSoWEet o produce

thick Si | t - [ -4 ' t f
e i do. RIS o0 Py ol aiEh o, PRI REE LRI e B Ry

the Si Q2 unghdiRadnd thbgateob@Sicidntieiront froihthegattedanad eredirass thonel | .
Mol ybdenum is deposited at nornal incidence and, at  t hle EanE time, a
sacrifici al towsrds thg phespheras The epgission cyagatmdothus hendlisplay bpgRngisatsed at t he
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and uniformity of the emitter source material are therefore essential.

15 Most FEDs are evacuated to low pressures, i.e., 107 torr, to provide a long
mean free path for emitted electrons and to prevent contamination and deterioration
of the tips. Display resolution is improved by using a focus grid to collimate the
electrons drawn from the microtips.

The first field emission cathodes developed for a display device used a

20 metal microtip emitter of molybdenum. In such a device, a silicon wafer is first
oxidized to produce a thick SiO, layer and then a metallic gate layer is deposited
on top of the oxide. The gate layer is then patterned to form gate holes. Etching
the Si0, undemeath the holes undercuts the gate and creates a well. Molybdenum
is deposited at normal incidence and, at the same time, a sacrificial material such as

25 Ni is deposited from a source placed at the side of the device such that cones with
sharp points grow inside the cavities. Emitter cones are left when the sacrificial
layer 1s removed.

In another FED device, silicon microtip emitters are produced by thermally
oxidizing a silicon substrate, patterning the silicon oxide to expose the underlying

30 silicon substrate, and selectively etching the exposed silicon to form silicon tips.
Further oxidation and etching protects the silicon and sharpens the points of the

silicon tips.



| ayer is renmpved. |In another FED device, silicon mcrotip emtters aPﬁlAUGZNB
produced by thermally oxidizing a silicon substrate, patterning the

silicon oxide to expose the underlying 30 silicon substrate, and

selectively etching the exposed silicon to formsilicon tips. Further

oxi dation and etching protects the silicon and sharpens the points of the
silicon tips. 1 a AUG 2003 3 In an alternative design, the mcrotips are
added onto a substrate of desired materials such as glass, which is an

i deal substrate material for large area flat panel display. The mcrotips

can be made of qﬁ%%fe%v%ﬁ%ﬁﬁh@ nfib@fipd areRided Sn@ a setRRe@ of desired
sem conductors. In such a FED device, an interlayer with controlled 5

conduct i vi tyatbrealsveesh ashglassatiocheis anddedh subdtiateomaissial 1 harghlageadBatinage)] e.
Proper eng;. n?eriiﬁ of. the resj stiﬁi til) of tEe intter{la#ae{ll%é enat{I es_the device
to operate $W&: ABPEFOURY “¥bRE FBPT & anqug R GiieTiplsSUeR &5 Jpstals op of the
interlayer ,dogcd Qerflﬂﬁn&k‘i‘&%. IRSLMEL RERNAAVISL LA REN ARE vaCAHTe@r . While the
actual desired value depends on the specifics of t’he device design. 10

Cherfi cal vapadudeftgdictwesn th€vBhode appl gsmaicestipans bighbhdesirable. \Ripper
deposition (PECVD) are processes_w dely used in the nmanufacture. of
sem conductedeingenng ek thegesigeybisoh ‘K;AﬁdntF%193(§F§n6‘?lesrré‘FékV’éF§° SRR s

substrates..hi &4 gﬁ?@)fépicof‘eaﬂioﬁ ng‘gp\{m&ﬁﬂﬁﬂ%f e g#@%g?tg{sfig:tﬁ% lBl’cﬁ?ed in a

vacuum deposition c qui ppe apair ate

el ect r odes.befhensatbikulator and agenduadd, whik theuctialdlesitedavalus depdnds ontiheh i s
al so the lower electrode, A reactant gas flows into the deposition chanber
through a ¢Recifipt ef theedfvics 4S8RI ch al so serves as the upper electrode. A

radjp frequency -.yal | S: b‘ q% 146 L8GLEGdes which
gagiedr)at es an RF %%FXI&J#??Q%OE?@@ ca sse}elgx\%ﬁ%grm 5 g orrreg in the
react ant gakposditién (PESWD)a¢ R edsbewidehe gt inghs niaauflewmedpbHse and deposit a
20 layer of the desired material on the surface of the substrate body.

Addi ti onal Seayeanducter deyips fog depasitiig laysraoé masrialcem VRO W YBETA & B t he
Lt el PRV B, aPASAIL T EShcin SRR B
equipped with a pair of parallel plate electrodes. The substrate is generally

15 mounted on a susceptor which is also the lower electrode. A reactant gas flows
into the deposition chamber through a gas inlet manifold which also serves as the
upper electrode. A radio frequency (RF) voltage is applied between the two
electrodes which generates an RF power sufficient to cause a plasma to be formed
in the reactant gas. The plasma causes the reactant gas to decompose and deposit a

20 layer of the desired material on the surface of the substrate body. Additional layers
of other electronic materials can be deposited on the first layer by flowing into the
deposition chamber a reactant gas containing the material of the additional layer to
be deposited. Each reactant gas is subjected to a plasma which results in the
deposition of a layer of the desired material.

25 In the fabrication of a field emission display device, it is desirable to
deposit an amorphous silicon based film that has electrical conductivity in an
intermediate range between that of intrinsic amorphous silicon and n* doped
amorphous silicon. The conductivity of the n* doped amorphous silicon is
controlled by adjusting the amount of phosphorus atoms contained in the film.

30 Even though it is possible, in principle, to produce an intermediate conductivity
film by adding very small amounts of phosphorus atoms, it is a very difficult task,

1.e. requires specially premixed



be deposited. Each reactant gas is subjected to a plasma which results in

the deposition of a |layer of the desired material. 25 In the fabricatngﬂhuy2m3
a field em ssion display device, it is desirable to deposit an anorphOus
silicon based filmthat has electrical conductivity in an internediate

range between that of intrinsic anorphous silicon and n+ doped anorphous
silicon. The conductivity of the n+ doped anorphous silicon is controlled

by adj usting the anount of phosphorus atonms contained in the film 30 Even
though it is possible, in principle, to4roduce an internedi ate

conductivity filmby adding very small amunts of phosphorus atons, it is

a very diffPHuylH, tbgskeisely centraléhe kmesnts pé thaphosphoresiatoet. 12 AUG 2003 4 PH

3/1-12 to precisely control .the apoupts of the phosphor-us atons. Since
field emtting dgglﬁﬁafg??%%w%&dwggg Vipes H?%WW&Q‘@FE?YGTS@ RECOMES  necessary

to deposit r ' t r 'ggng l.ikng of
the filns. %S%aﬁgﬁghiémggggf@ﬁgépﬁgg{#? ng aﬁ%ﬁ)gﬁqoegélgss%ﬁnlﬂ%ﬁﬂgggguces
films 5 thatheafilnshi THY $tadarbpeBedsVfer desRatigadrhyrphtansilieposotets dlmsi gh
deposition rates. SUMVARY OF THE | NVENTI ON The present invention provides a
depo8ition Het Asdhiglhly qormpessivagesRavalbnh olien deposited at brdcdsppstion ratps h
controlled resistivity and | ow stress. Such filnms can be used 10 as the
interlayer in the FED nmanufacturing. They can al so be used in other

el ectroni ¢ devi ces which rqubg@;@hﬁn@thggngggkﬁnged resistivity in the
range between those of an i or. The deposition

met hod descr i bed Thepiebent piveagon provides aideputitmhealisd fdrgrepating dmofphohem cal
vapor deposition or plasma-enhanced _chem cal vapor deposition; other film

deposi ti on ﬁ@é%b@ﬁ@%,‘m% wath cantrellpdgpistivity apdiow sieesgeSud ilmsican e yseday be

use In on he. .| ti f ur-8s fy: ' .
amoiBhous. & frene st B PEE bRl R ey BEnRidah B PReiie o,
chamber, coggvits witich rdqiré GHHEWRHE cantSdllddGesistivag o6l théqhigiel YeBrdentthodeltd
deposition chanber; introducing into the deposition chanber a

conduct i vi t gn insglatesshé gf ¥ eonguicios Tmeeriositing msteodsieserified n the present
invention employs the method of chemical vapor deposition or plasma-enhanced
chemical vapor deposition; other film deposition techniques, such as physical vapor
15 deposition, also may be used.

' In one aspect, the invention features a method of forming an amorphous
silicon-based film on a substrate located inside a deposition chamber, comprising:
introducing a silicon-based volatile into the deposition chamber; introducing into the
deposition chamber a conductivity-increasing volatile comprising one or more

20 components for increasing the conductivity of the amorphous silicon-based film; and
introducing into the deposition chamber a conductivity-decreasing volatile comprising
one or more components for decreasing the conductivity of the amorphous silicon-
based film.

In another aspect, the invention features a method of forming an amorphous

25 silicon-based film on a substrate located inside a deposition chamber, comprising:
introducing a silicon-based volatile into the deposition chamber; introducing
phosphine into the deposition chamber; and introducing a nitrogen-containing volatile
into the deposition chamber. _

In yet another aspect, the invention features a method of forming an

30 amorphous silicon-based film on a substrate located inside a deposition chamber,

comprising: introducing a silicon-based volatile into the deposition chamber;

introducing phosphine into the deposition chamber; and introducing a carbon-



silicon-based film and introducing into the deposition chanber a AUG
conductivity-decreasing volatile conprising one or nore conmponents féa- 2003
decreasing the conductivity of the anorphous silicon- based film In

anot her aspect, the invention features a nethod of form ng an anorphous 25
silicon-based-filmon a substrate | ocated inside a deposition chanber,
conprising: introducing a silicon-based volatile into the deposition
chanber; introducing phosphine into the deposition chanber; and introducing
a nitrogen-containing volatile into th& deposition chanmber, In yet another
aspect, the invention features a nethod of form ng an 30 anor phous

si |'i con- bagestafingwaeliila i fisd depbsitib@eldngtsbri nsi de a deposi ti on chanber,
conprising: introducing a siiicon-based volatile into the deposition
chamber -, i nt r dunkadimenh owy hnaieds aneer nuse eithe &eltavang taatmgser ; and

I ntroduci ng a carbon 12 AUG.2003. 5 contai nj vol atile. .into. the osition
chanber . Enbod Ht ORI R g ey i B st GedcBadig VPl oo, The
conducti vi Wag'H%%@_@&jc@@ir){é"t}ﬁetdebssiﬁ&ﬁat%@é?:e%l%ﬁ{zé’ﬂ&%r%@5%&1@ volatile
may be introduced into the deposition at respective relative flow rates

sel éct ed t aclicachiesired fildessisteatyf iTheral@siedtowiatog mayhe selebditvachidvew r at es

may be sel ected.to . achi eve ilmresistivity .of about. 103-10" ohmcm The
conduct i vi ?@mirﬁ%ﬁé’é@i ebw@%-ii{)"eo%ym- $PRAUCHYIYSHISESRING O Lk AR

conduct i vi ty;4aqraasd ﬂﬂxg‘é@é?ﬁé éo%dH&m@gﬁéﬁeﬁﬁrﬁgﬂa@%%m&m phosphi ne and

t he am"mnla%elng |ntpro Into t eposi C rat aflowrate
rati o in aanmngega,ahe plinaphing addMe ahonatisbiting intddiéed(iptleakpdepaitmamoni a) .

Al ternatively, the conductivity-increasi ntg volatile rraY consi st of
phosphi ne &AdMbercat & dloarate retie i yeeneeakabeyt L:oP tojaowal/1@onsi st of met hane,

th phosphj nd. t ' ' ed: | | £ chanber
030 ProsP tRapei i, R LR SRR LeSph s b
( phosphi neofiphéuphite.and hige conddetdtityvdetieasing velasle miaywohsikt dfendthanecthapri se a
dopant. The_ dopant rra%]/ 15 conprise an n-_ttype dopant (e.g., phqsphorous) or
a p-type dopasphineang the pgihgng being introduced info the deposition chamber at a flow

rate ratio in a range of about 1:100 to about 1:1 (phosphine:methane).
The conductivity-increasing volatile may comprise a dopant. The dopant may
15 comprise an n-type dopant (e.g., phosphorous) or a p-type dopant (e.g., boron).

The amorphous silicon-based film may be characterized by a band gap, and
the conductivity-decreasing volatile preferably comprises a band gap increasing
component that increases the band gap of the amorphous silicon-based film relative to
a film formed under similar conditions but without the hand gap increasing

20 component. The conductivity-decreasing volatile may comprises nitrogen, ammonia,
N,, N,O, carbon (e.g., methane)

In one embodiment, the silicon-based film consists of silane, the conductivity-
increasing volatile consists of phosphine, and the conductivity-decreasing volatile
consists of ammonia. In another embodiment, the silicon-based film consists of

25 silane, the conductivity-increasing volatile consists of phosphine, and the
conductivity-decreasing volatile consists of methane. In yet another embodiment, the
silicon-based film consists of silane, the conductivity-increasing volatile consists of
phosphine, the first conductivity-decreasing volatile consists of ammeonia, and the
second conductivity-decreasing volatile consists of methane.

30 A second conductivity-decreasing volatile may be introduced into the
deposition chamber.

In a preferred embodiment, amorphous silicon based films of precisely



the conductivity-decreasing volatile preferably conprises a band ga

i ncreasing conponent that increases:the band gap of the anorphous
silicon-based filmrelative to a filmformed under simlar conditions but
wi t hout the band gap increasing 20 conponent. The conducti vity-decreasing
vol atil e may conprises nitrogen, a nia, N2, N20, carbon (e.g., nethane)
I n one enbodi ment, the silicon-based filmconsists of silane, the
conductivity- increasing volatile consists of phosphine, and the
conductivity-decreasing volatile cqnsists of anmmonia. | n_another

enbodi ment , CeHelled lelesBivabepnductityand ok seess agtprodiced g&ﬂem%waﬂaﬂt
conducti vity:] ' { ] | Y t

condut i vi t SR ERIAY RSB HEnGERELAI ool UARRIRSpaARE, THE |,
enbodi nent, rdab@nt gdsInhitude bafifdhet kil dfcCanmbaiaan@phédphiRearreddy a hydrogen
conductivity-increasing volatile consists of phosphine, the first

conduct i vi t gasd€dhangisi e phsisphornecantems by centofllingrthe phesphiasdartied prasgiyend
condycti vi ty-decreasi volatile consists of t hane, A_second

condbiot i vi t JeqEbPERRFRGlSndbr o LA SR s dican OrRe & prken o6 apeets on
chamber. Injg iHér%is%o%t%@ gﬁmehﬁ%aﬁtenﬁﬂawaw& eidcti@Poraasedeyf icHmgnb
precisely 1,1 AUG 2003 controlled electrical conductivity ‘and | ow stress
ar e pr oducethetjtrégenwiontgnbof thaodaatant gaydy contxalling theatmmenip parsinkpresshieenced
chem cal vapor de ositign ﬁhagger..The. react.ant gas, mixture conprises
silane, a iTES ShAY FRB OB FPHBCEA Sr INSEFARE e EeRFY &AM eRHEC RIS ng t he
phosphor us ¢QnkioRY oPhe GRIPIRDL kiligord Bed ifA P AinN@edd finfpk BF redisAFRHIR thed t he
n-type el ectrical” conductivity of the anorphous silicon based filmcan be
char@ed, i field émissieadisplpy tikecestiobgtheen sband hbemd aboutr i ckm-aheThe ect ri cal

conductivity. angi the .ni trogen,content of the reactant. gas.b
control | i ng"P _eéc"b}%ﬁdtlpéq“sﬂ‘r 85%%@,&%&? RBe F’e‘é’f’gf’ﬁgfﬁfm@a Bga‘ihanged,
|.e. 1ncr eaﬁ#n'&gaﬁongsiﬂb%ﬂ ?&@H‘ﬁﬁﬁ% M the HeiRAREANEd W 10° 851 FlohM-EX. Thet he
anor phous silicon base I'm An 1deal range of resistivity for the 10
field em ssifims gicgiptelybydthe noed meshduidtave dow sdnsild stie88suahdhalbamtind 66 ohm cm

The novel nethod described in this invention enables one to control the
resistivityPeglingpf films from substrates are avoided.

The anor phous silicon-based filn1nay1be characterized by a band gapﬂffﬂgﬁzm3

15 . The present invention is also directed to a field emission display device
fabricated by a plasma-enhanced chemical vapor deposition technique in which a
reactant gas mixture comprising silane, hydrogen, phosphine (carried in hydrogen)
and ammonia is used to produce an amorphous silicon based film having controlled
electrical conductivity. By adjusting the flow rate of each component gas, an

20 amorphous silicon based film having a precisely controlled electrical conductivity
and low stress for forming a field emission device can be obtained.

Among the advantages of the invention are the following.
The invention provides a method of depositing amorphous silicon based
films that have controlled conductivity and low stress in a chemical vapor

25 deposition process or a plasma-enhanced chemical vapor deposition process by
incorporating simple process control steps. The invention also provides a method
of depositing amorphous silicon based films that have controlled conductivity and
low stress in a chemical vapor deposition process or a plasma-enhanced chemical
vapor deposition process by using a reactant gas mixture containing PH, and NH,.

30 The present further provides a method of depositing amorphous silicon based films
that have controlled conductivity and low stress in a chemntical vapor deposition

process or a plasma enhanced chemical vapor deposition process by controlling the



amor phous silicon based filmwi thin the desirable range of 103 to 10'14 AUG 03
ohmcm The filns produced by the novel nethod have |low tensile stress
such that warping or peeling of filns fromsubstrates are avoided. 15 The
present invention is also directed to a field em ssion display device
fabricated by a pl asma-enhanced chem cal vapor deposition technique in
which a reactant gas m xture conprising silane, hydrogen, phosphi ne
(carried in hydrogen) and ammonia is uged to produce an anorphous silicon
based filmhaving controlled electrical conductivity. By adjusting the
flow rate dloveastbs 6ptheorenintgases iarth@eaanar plemtersi | i con based fil m havi ng
a precisely controlled electrical conductivity and | ow stress for form ng
a field em ssi orPdeyfearenandadeptagenvt! begepifganpaeens fipahthsdelowmet ne

i nvention aye the follow - | O ovi des a method of depositing
anor phous s|eF?répglrﬁmbéAscggd%§ﬁen@?hdﬁ\éﬁg&/ﬁee @gﬁsr' ol ed conductivity and | ow
stress in a chem cal vapor 25 deposition process or a plasnma-enhanced

chem cal vapor deposition process by incorporating sinple process control
stegs. The invention al WBT]IQNIQETH&DMSME}I_&EW anmor phous

silicon based fil.ns that have controlled conductivity. and, |ow stress in a
cheni cal vapor dégbsi {]ilso. 5‘8}58@@%§e%lron§ EF%{SO#%- @ﬁﬂ’é‘ﬁgébmgﬁdeﬁl?eggfa \F8Bor
deposi ti on RHEGESS ch¥mb&! iAGVIACK BRChAMAbd GR8cdbrddndé &ihOME PredemtinPéRioand NH3.
30 The present further provides a nethod of depositing anorphous silicon

based fi | necantieatarhed/eutcont rol | ed conductivity and | ow stress in a chenical

vapor deposition,. process or. a plasm enhanced chem cal ~vapor. deposition
process by cont P](:)‘Igﬁ enélst ﬂéelllﬁrgﬁ%gofﬁ'ﬁ?%?na Y‘B\X/ﬂ%aﬁ‘é’g“%fr figld SissIon ant gases
in jde reacdiinmy abagber. Qther features and advantages will becone apparent
fromthe foll'owng description, including the drawings and the clains. 5
BRI EF DESCR!I PTI CRiglre 42 RRMWINGS aging theedependenge of iesisivity onetbe iflomarate/i ew of

a pl asma- enhanced chem cal, vapor deposition chanber in which the nmethod in
accor dance Rﬂﬁ?%egﬁe@ngﬁ‘sml\]ﬁgvent ion can be carried out.

Figure 4 is a graph illustrating the dependence of stress on the flow rate

ratio between PH,; and NH,.
15 Figure 5 is a graph of the resistivity of amorphous silicon-based films

plotted against the flow rate ratio phosphine:methane.

DETAILED DESCRIPTION
The present invention discloses an improved method of depositing
20 amorphous silicon based films having controlled electrical conductivity and low
stress on a substrate for an electronic device, such as a field emission display
device by a plasma enhanced chemical vapor deposition technique.
Referring initially to Figure 1, there is shown a schematic sectional view of
a plasma-enhanced chemical vapor deposition apparatus 10 in which the methed in
25 accordance with the present invention can be carried out. Tumer et al. disclose
such an apparatus in U.S. Patent No. 5,512,320. A deposition chamber 12 includes
an opening through a top wall 14 and a first electrode or a gas inlet manifold 16
within the opening. Alternatively, the top wall 14 can be solid with the electrode
16 being adjacent to the inner surface thereof. Within chamber 12 is a susceptor
30 18 in the form of a plate which extends parallel to the first electrode 16. The
susceptor 18 is typically of aluminum and is coated with a layer of aluminum

oxide. The susceptor 18 is connected to ground so that it serves as a second



Figure 2 is an enlarged cross-sectional view of a typical field em 551TAUG 2003

10 display device. Figure 3 is a graph illustrating the dependence of
resistivity on the flowrate ratio between PH3 and NH3. Figure 4 is a
graph illustrating the dependence of stress on the flowrate ratio between

PH3 and NH3. 15 Figure 5 is a graph of the resistivity of anorphous
silicon-based filns plotted against the flow rate rati o phosphi ne: net hane.
DETAI LED DESCRI PTI ON The present inventi {;)n di scl oses an i nproved net hod of
depositing 20 anorphous silicon based filnms having controlled el ectrical

conduct i Vi t ¥1eaRgdd Qvas & EGHEcORe RESHRSES 7 Sorb QI h@MwsRllbad & Bgyige, such

as a field emssion display device by a plasm enhanced chem cal vapor

deposi ti on techniTipaeusdRpfoerli8i ingnounitead @i the dnd dfiagshiaét 2D, whithrestends shown a

schemati c sectjopal view a pl.asma-enhanced chem cal 2;/agor degosi,t i on
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f
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wi thin the openi n%. Alternatively, the totp wal | 14 can be solid with the
el ectrode hernpentally befpser Hie suscapha IShansk the boitamevalhé? obfhe Jgrositienchanmber
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the first e usce I's"typl ca l'Um num and is

coat ed w t h1afilodpins Qb pabjeol VettivalIxipteard Vot use BAtddf plhée 24 Thengebfd to
ground so that it serves as a second 12 AUG 2003 8 electrode so as to
connect t he PRE Hotredwsgened tobe ablgdo exisnd taeughlifishols Zhe thg susagptosuscept or

L9, 9, ot S, 503 L0, e B0 L0 oSS puSibegathy, o oven @
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toward and away fromthe first electrode 16. Alift-off plate 24 extends
lift-off pins 26 spaced around the lift-off plate 24.

A gas outlet 30 extends through a side wall 32 of the deposition chamber 12

and is connected to means (not shown) for evacuating the deposition chamber 12.

15 A gas inlet pipe 42 extends into the first electrode or the gas inlet manifold 16 of
the deposition chamber 12, and is connected through a gas switching network (not
shown) to sources (not shown) of various gases. The first electrode 16 is
connected to an RF power source 36. A transfer paddle (not shown) is typically
provided to carry substrates through a load-lock door (not shown) into the

20 deposition chamber 12 and onto the susceptor 18, and also to remove the coated
substrate from the deposition chamber 12.

In the operation of the deposition apparatus 10, a substraie 38 1s first loaded
into the deposition chamber 12 and is placed on the susceptor 18 by the transfer
paddle (not shown). The substrate 38 is of a size to extend over the lift holes 28 in

25 the susceptor 18. A commonly used size for a flat panel display device substrate is
approximately 360 mm by 465 mm. The susceptor 18 is positioned above the
lift-off pins 26 by moving shaft 20 upwards such that the lift-off pins 26 do not
extend through the holes 28, and the susceptor 18 and substrate 38 are relatively
close to the first electrode 16. The electrode spacing or the distance between the

30 substrate surface and the discharge surface of the gas inlet manifold 16 1s between
about 12 to about 50 mm. A more preferred electrode spacing is between about 20

to about 36 mm.



horizontal ly between the susceptor 18 and the bottomwall 22 of the 174 AUG 2003
deposition chanber 12 substantially parallel to the susceptor 18 and is
vertically novable. Lift-off pins 26 project vertically upwardly fromthe
lift-off plate 24. The lift-off pins 26 are positioned to be able to
extend through lift holes 28 in the susceptor 10 18, and are of a length
slightly longer than the thickness of the susceptor 18. \Wile there are
only two lift-off pins 26 shown in the BHigure, there may be nore lift-off
pins 26 spaced around the lift-off plate 24. A gas outlet 30 extends
through a side Vigdfbre3e aepéditordprposdstafahe aivanter, tHeZsubamﬁteiiﬁ edivhephed to
nmeans (not shown) for evacuating the dep05|t|on chamber 15 A gas inlet
pi pe 42 extberiilrghheet pba frapgnareat artermdals proqepsed giagorﬂmgetp %%lhklﬂwm 16 of

the depost AR ISter e 08 R SONNTE IRChL AR U BagRG RO Net vk

(not shown sour ces i‘ous ‘gases ectrode

16 is conngﬁ&eﬁnﬁmlﬁ@a@ﬁttm\e@mﬁgugqep&sﬁedA transfer paddl e (not shown) is
typically provided to carry substrates through a | oad-|ock door (not

shown) into the @t)tmmof thsricppandie protessapfdhe mvention tb@é@!@ﬁﬂtﬂﬂ 18, and
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into the dgpaisdntpaiticneasiane ddscager 18 Ahacessuate 19 m@e@&@ﬁpe&&um’ t he
transfer paddle (not shown). The substrate 38 is of size to extend over

the lift hd:e@seezlaa ot 280 Qw%ﬂdsibs)@éﬁ@%ﬁ qlglngede@eﬁﬁmpﬁﬂtﬁs@r@seﬂt Hvensen g flat
panel di spl sub trate i
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and the susceptor 18 and substrate 38 are relatively close to the first

el ectrode T6actiphechambet dumg éqméuhﬁg ap between @beutdhe éorp anduaboitthore
substrate sur emfg p?%g%%gg |s%ﬁ%&§ %ﬁ{;tf ?éeig()fanﬁhag Qtlafs tS'rlretA tha)l d 16 is

between add erre ectrode spacing is
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process of the i nvention e substrate 38, which may
Law et al. assigned to the common assignee which is hereby incorporated by
15 reference 1n its entirety.

Figure 2 shows an enlarged cross-sectional view of a typical field emission
display device 50. The device 50 is formed by depositing a resistive layer 52 of
amorphous silicon based film on a glass substrate 54. An insulator layer 56 and a
metallic gate layer 58 are then sequentially formed and etched in such a way as to

20 form metallic microtips 60. A cathode structure 60 is covered by the resistive layer
52. Thus, a resistive but somewhat conductive amorphous silicon layer 52
underlies a highly insulating layer 56, such as of SiQ,. It is important to be able to
control the resistivity of the amorphous silicon layer 52 so that it is not overly
resistive but it will act as a limiting resistor to prevent excessive current flow if one

25 of the microtips 60 shorts to the metal layer 58.

It should be noted that while a field emission display device 1s shown here
to demonstrate the present invention method, the method is by no means limited to
the fabrication of FEDs. The present invention method can be used in the
fabrication of any electronic devices that require a deposition of a layer having

30 controlled resistivity. |

A series of tests were conducted on test samples prepared by the present

invention method to determine the effects of the reactant flow rates upon the



be a | arge sheet of a transparent material, is processed according tO‘MEMU52m3
known techniques. After the initial processing in the preferred

enbodi ment, a top nost |layer containing a patterned netal is deposited. 5

At the start of the deposition process of the invention, the deposition
chanber 12 is first evacuated through the gas outlet 30. The patterned
substrate 38 is then positioned on the susceptor 18. The substrate 38 is

kept at a tenperature between about and about 400C during deposition

of the present invention anorphous silicon film A preferred tenperature
range for the, aUASHY Hhe eSSl BPRR AihsIRONIcedOFieRMENAR A sitifierithf "0
deposition. A pres§ﬁre I's maintained 1n the reaction chanber during
depositi on &ubleetivemdre.about 0.5 torr and about 5 torr, a preferred

pressure range is between about 1.5 torn and about 2.5 torr. A detailed
description of processing with this apparatus is contained in U S. Patent
5,399,387 Law et al. assigned to th%i%ﬁ 1 assi gnee which is hereby
incorporated by 15 reference in its . Figure 2 shows an enl arged
crosg-sectional ¥ixawpRf 1 aldsytRics al debbgitich procesifor an dittiptiayn@deptione sfidon The
device 50 is formed by depositing a resistive layer 52 of anorphous
si | i con basé&dmfthatrdass ngt epriais dopbx gaseeinshe reastanh gay BgRre alhks ﬁg’ﬁ and a
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15 were tested to produce the following physical properties, a compressive stress of

8.0 x 10® dyne/cm? and a resistivity of 2.0 x 10 °ohm-cm.

Example 2
Example 2 illustrates a deposition process for p-doped amorphous silicon

20 wherein the film was deposited with a flow of PH, gas but with no NH, gas. The
flow rate of silane is 1,000 sccm, the flow rate of PH; is 0.5 sccm, the flow rate of
hydrogen is 1,000 scem, the RF power used is 300 W, the pressure of the chamber
is 2.0 torr, the susceptor spacing is 962 mils (2.44 cm), the susceptor temperature 1s
410°C, and the deposition rate achieved is 156 nm/min. The phosphine 1s a 0.5%

25 conceniration in a hydrogen carrier that is otherwise accounted for in the cited flow
rates. The amorphous silicon film obtained has a compressive stress of 1.7 x 10°

dyne/cm® and a resistivity of 1.7 x 10? ohm-cm.

Example 3
30 In this example, only ammonia gas and not PH, gas is used in the reactant

gas mixture. The flow rate of silane gas used is 1,000 sccm, the flow rate of NH,

is 500 sccm, the flow rate of hydrogen gas is 1,000 sccm, the RF power used is



2

I nvention nmethod to determne the effects of the reactant flow rates upon
the 12 AUG 2003 10 conductivity and the stress of the filns produced.

Their results are summarized in Tables 1 and 2. Exanple 1 5 Exanple 1

il lustrates a deposition process for an intrinsic anorphous silicon film

t hat does not contain doping gases in the reactant gas mxture. The filmis
formed as a byproduct of a reaction of silane and hydrogen in a plasma on a
heated substrate. The flow rate of silane is controlled at 1,000 sccm the
flow rate of hydrogen is controlled at 1,000 sccm the plasma power (i.e.
RF power su0ol Wedhd predfurebg dierddmbif)s kepedt 2.6 1300thd/elddredpspmmg & M2 t he

chanber is kept at 2.0 torr, the electrode spacing (i.e,, the spacing
bet ween el 6By bhé £8)athg teBYBWIGPL the)SuseePios it 41@?«‘? §B% arfepesition paie eh) . the

suscept or, ich h b . t | RO e | | nt-ai ned at
a tenperat ul\rgg W’%ﬁg’t@s %&nﬁnéﬁe%hégggﬁlwgg%g e Oct)){:ﬂ)ztﬁ g%dngg ﬂlj%ﬁ%g?é nﬁgl?ﬁé n.
After the chffeleat tHaR thit JUMsinelePOBXAnsIB 2pr Dikestfess bhehef filhmis iaki whsikd 15 were
tested to produce the fgol | owi ng ’thsi_cal‘ properties, a conpressive_ stress
of B.0 x Irosdalgh@Achi0adneiont’ esih fegistiyitoef thediln mozpusdbasA high yapice 2
Exanple 2 i| trates, a deposition process for p-doped anorphous silicon

20 wherein (Etjréjfxiﬁnﬁ%'c&é‘posi ted wwth a flow of PH3 gas but with no NH3
gas. The flowrate of silane is 1,000 sccm the flowrate of PH3 is 0.5
sccm the flowrate of hydrogen is 1,000 sccm the RF power used is 300 W
the pressure of the chanmber is 2.0 Esampletdhe susceptor spacing is 962 mls

(2.44 cm), the susceptor tenperature | 410C | L vt e
achi eved is 156 w%amphee apio@é%g%eé’fis%Hh&rgl. %%?%%e%gﬁ%tgﬁ? %z%%son in‘a
hyd{@gen cagrgh@éd thde rb&ct:ﬁ{tf%é wisRraCThe AbRtrafeoratib LI tHIE t0iNTedisf1.D5vx rat es.
The anor phous_ silicon filmobtained has a conpressive stress of 1.7 x 109

dyne/ cn2 antd ate ésiBre flow yatgfol pilamecis 116000t the B mplecol PTBOS 12 B45my
exanpl e, onky APIL 3r 44T, 18380 0¢m T AP rdk o BE Ys 1 Bob Eerh SAHE A

power used is 600 W, the pressure of the chamber is 2.0 torr, the spacing of the

electrodes is 962 mils (2.44 cm), the susceptor temperature is 400°C, and the

15 deposition rate obtained is 197 nm/min. An amorphous silicon film having a
desirable resistivity is obtained. The physical properties of the film are measured
at a tensile stress of 4.0 x 10* dyne/cm? and a resistivity of 1.6 x 10° ohm-cm. It
is noted that the resistivity value is about halfway between the two extreme values
shown in Example 2 and Example 3, i.e. 1.7 x 10% and 2.2 x 10".

20

Example 5
In this example, both gases of PH, and NH, are used in the reactant gas

mixture. The flow rate ratio of PH, to NH; is 0.75 x 10? to 1. In this chemical
vapor deposition process, the flow rate of silane is 1,000 sccm, the flow rate of

25 NH, is 200 sccm, the flow rate of PH, is 1.5 sccm, the flow rate of H, is 1,000
sccm, the RF power used is 600 W, the pressure of the chamber 1s kept at 2.0 torr,
the spacing between the electrodes is 962 mils (2.44 cm), the temperature of the
susceptor is kept at 400°C, and a deposition rate of 197 nm/min is obtained. The
physical properties of the films obtained are a tenéile stress at 1.3 x 10° dyne/cm’

30 and a resistivity at 9.6 x 10° ohm-cm. It is seen that by decreasing the flow rate of
PH, relative to the flow rate of NH,, the resistivity of the film when compared to

Example 4 is increased and the tensile stress is only slightly increased.

2003



gas m xture. The flow rate of silane gas used is 1,000 sccm the £ 1 owl RS 2003
of N\r 3 is 500 sccm the flow rate of hydrogen gas is 1,000 seem the RF
power used is 11 300 W the pressure of the chanber is kept at 2.0 torn,

the el ectrode .spacing is 962 mnmls (2.44 cm, the tenperature of the
susceptor is 410C, and a deposition rate of 135 nm m n was obtai ned. The
physi cal properties obtained for the filmare quite different than that
obtained in Exanple 2. The stress of thd2filmis in a tensile 5 node of 7.4

x 109 dyne/cnR. The resistivity of the filmnmeasured has a high value of

2.2 x 101 ohmcm Exanple 4 In this examglieé a doping gas of PH3 and a

6
ni trogen-cont ai ni ng .gas of 10 are _used _jn the reactant gas m xture.
The flow rate r alh Bipexppple Otﬁll%sersso ) Bm%fpkg-a’? higsd §n thl%@a?taﬁt\/\gaisat e of
silane is 1m(i)ﬂ9res.cﬁme g’lltoaﬁrafté Pa\f\forcﬁ{lﬁ-%otfo Iﬁﬁ? 6§ 85%{ PoBREM In bRecHehpusirate of
e I's 1;00

NH3 is 200 sccm 't owrate o sccm The RF power used is
600 W the pamssitpesitibn pheeshantmy rits of slarteat rl, (i0hecmpacised) aoflow rate of

el ectrodes is 962 mls (2.44 cn), the susceptor tenperature is 400(?[ﬂ and
the 35 depo8siaba- spcl BoissfreHoygateges Wrxﬁ%@ﬂw&ﬁﬂ §H%§F15yr?oﬁgwsrﬁei9f 2fi 1 m
havi ng a desj I [,Std Vit | btead . ' Ay of the
il mare nedolv0d o SEL, th R b YU 15 ey BLARRAT, pRESEE L 20
resistivitytef islusedxa 5picind betosen the eledrodes efl 96hatiist(Bat4rens) Stused,tay val ue i s

about hal fway between the two extrenme values shown in mple 2 and
Exanpl e 3, PUsseptor femperginropigd0 0 ix ugeds and aclepgsition Eatfsogﬁ‘?q RMémiy $np| e,

bot h gases a re: ' . g .M of | ow
rate ratio Spedl POMEHGE el Himk BalhE phgRR A SRRy e e T R
depa®i ti on gyeeess and haciibibrtyraties af108chmraniase dbtBied.sdcimsethén f | ow rate of

25 NH3 is 200 sccm the flowrate of PH3. is 1.5 scecm the flow rate of H2
is 1,000 sEempanisnd RExmRRe Subddy deceriaing the REMONE cQrtent dr theeeagRllmer s

kept at 2.0 %ée)g@{mré w?aﬁﬁagw% fat \éﬁﬁﬁj,hh@lgg%s?ﬁgg%gg@e o flirh 3s (2. 44

cm, the te ure o susceptor i s C, 'and a deposition
rate of 197 réhkced and sheotehsilensirkss whadightly increased.

15 Example 7
In this example, both gases of PH, and NH, are used in the reactant gas

mixture. The flow rate ratio of PH; to NH; is 0.6 x 107 to 1. It is believed that a
flow rate ratio of PH,:NH, as low as 0.1 x 107 or 0.001:1 may be used. In the
chemical vapor deposition process, the flow rate of silane 1s 1,000 sccm, the flow

20 rate of NH, is 200 sccm, the flow rate of PH, is 1.5 sccm, the flow rate of H; is
1,000 sccm, the RF power used is reduced to 400 W, the pressure of the chamber
is kept at 2.0 torr, the spacing between the electrodes is 962 mils (2.44 cm), the
temperature of the susceptor is kept at 400°C, and a deposition rate of 180 nm/min
is obtained. The physical properties of the films obtained are a tensile stress at 6.3

25 x 10° dyne/cm?® and a resistivity at 7.0 x 10° ohm-cm. It is seen that by increasing
the flow rate of NH, as compared to Example 6, the resistivity of the film is

greatly increased while the tensile stress almost remained constant.

Example 8
30 In this example, both gases of PH, and NH, are used in the reactant gas

mixture. The flow rate ratio of PH, to NH, is 2.5 x 107 to 1. 1t is believed that a

flow rate ratio of PH,:NH, as high as 1 x 10-' or 0.1:1 may be used. In the chemical



physi cal properties of the filns obtained are a tensile stress at ‘l.é‘Q(A%@)UU}
dyne/cn2 30 and a resistivity at 9.6 x 105 ohmcm It is seen that by
decreasing the flowrate of PH3 relative to the flowrate of NH3, the
resistivity of the filmwhen conpared to Exanple 4 is increased and the
tensile stress is only slightly increased. 11 AUG 2003 12 Exanple 6 In this
exanpl e, both gases of NH3 and PH3 are used in the reactant gas m xture.

The flowrate ratio of PH3 to NH3 is 1.8 x 10-2 to 1. In the chemnm cal

vapor deposition process, a flowrate of silane at 1,000 sccmis used, a

flowrate Qhp&x fe%si%ﬁro@eﬁ?&gﬂbﬁl rd6adt sildhelik D000 8écthn, Whe MW Batabf WOQiSCCM i S
used, a flow rate of 2 at 1,000 sccmis used, an RF power of 600 Wis

used, a chdfbeccrpytbe 8oweatefof PHY is 2.Hseeni,shafed rata oS Haisi ltpOseemetsn Rthe
el ectrodes of 962 ml A4 C I .. used, .a . susceptor tenmperature of 400C
i's used, am@™4r H?ﬂd%ﬁ@q % ﬂiea?rﬁsr%ﬁ 0?4]6" _ eﬁlsiﬁ@pt aggtoatf)ﬁetg‘? SEHEthous
silicon fil é&ﬁ‘(hé‘&e&fdﬂ@?fst%ggrni‘lgg ()(2341% %ﬂﬁﬁ]ﬁ@teﬁbEﬁﬁﬁe gif thésx?sgépt%?ﬁ_k%ﬁt

dyne/cn2 and a resistivity at 3. ohm cm ar e obt ai ned. is seen in

conpar i son 5t @od=xagRl £ depdsiith % o#€90 RaFhIGs bBRIrRATYRE BhysRAT Sidberties bhe

reactant gas mxture as conpared to that of PH3, the resistivity of the
deposi t ed fthé fiimisobtaieetliared temsile stiess tbh§ixl 16° dymaders’ dnd agesightityyat by eased. 15

Example 7 In,this exanpl e, .both. gases aof PH3 and re used jn the

react ant gé@fogmﬁ%rg?@sﬁﬁ’éﬂwM"g%@nggﬁtg“’bfatﬁl@ﬁgmﬁlﬁgp@ﬁg x 10"2 to
L. 1t is balieyed thefesRiivity OMhE BIR i BEAtR Rbr B3 WhR BS tehfite afsd. 1 x 10”2
or 0.001:1 may be used. Inthe chemTal 'vapor deposition process, the flow
rate of si lremeinssssénid)y wostapt. t he flow 20 rate of NH3 is 200 sccm the flow

rate of PH3 is 1.5 sccm the flowrate of H2 is 1,000 sccm the RF power
us I's reduced to 400 W the pressure of the chanber 1is kept at 2.0 torr,

t he spacing between the el ectrodes ipgyg eils (2.44 cm), the tenperature
of the susceptor. is kept at 400C, an Paﬁeaﬁ osition rate 3% 180 rim/mn is

obt ai ned. The pHPFEAPIHPopEPPINELAEHP P I3ngPSTNE AN IFREE" 4t e?8 NS fe
stress at Q'ezohééﬁ I%?: }rggtuﬁg?ﬁg oAk & Lifsk $¢ b 0B %@, the PloXv lja%oppfﬁ gn It

I's seen that reas
2.5 scem, the flow rate of N, is 1,500 scem, and the flow rate of H, 18 1,000 scem.

15 The RF power used is 600 W, the pressure of the chamber is 1.2 torr, the spacing
of the electrodes is 962 mils (2.44 cm), the susceptor temperature is 400°C, and the
deposition rate obtained is 190 nm/min. An amorphous silicon film having a
desirable resistivity is obtained. The physical properties of the film are measured
at a tensile stress of 2.5 x 10° dyne/cm’® and a resistivity of 9.6 x 10° ohm-cm. As
20 expected, increasing the concentration of nitrogen increases the resistivity and

decreases the conductivity.

Example 10

In Example 10, a doping gas of PH, and gaseous nitrogen N, are used in the
25 reactant gas mixture. The flow rate of silane is 1,000 scem, the flow rate of PH; 1s 2.5
sccm, the flow rate of N, is 500 sccm, and the flow rate of H, is 1,500 sccm. The RF
power used is 600 W, the pressure of the chamber is 1.2 tort, the spacing of the

electrodes is 962 mils (2.44 cm), the susceptor temperature is 400°C, and the

deposition rate obtained is 194 nm/min. An amorphous silicon film having a
30 desirable resistivity is obtained. The physical properties of the film are measured at a
compressive stress of 1.1 x 10° dyne/cm? and a resistivity of 8.2 x 10? ohm-cm. The

data is consistent with the results obtained on the other examples.



the flowrate of NH3 as conpared to Exanple 6, the resistivity of the-ft?##ﬁzm}
is greatly increased while the tensile stress al nost remai ned constant.
Exanple 8 30 In this exanple, both gases of PH3 and NH3 are used in the
reactant gas mxture. The flowrate ratio of PH3 to NH3 is 2.5 x 10-2 to
1. It is believed that a flowrate ratio of PH3:NH3 as high as 1 x 10-' or
0.1:1 may be used. In the chemcal 1 9~ AUG 2003 13 vapor deposition
process, the flowrate of silane is 1,00Q sccm the flowrate of NH3 is

100 sccm the flowrate of PH3 is 2.5 sccm the flowrate of H2 is 1,000
sccm the RF pommgﬁgci thiDuf9 Wb B0 RS Sur vl hEmERIBRBArel By kept at
2.0 torr, the spacing between the electrodes I's 962 mls (2.44 cny, t he

t enper at ur epodr arhmetwdsepraonpless Kepigh B sibwAQOGye dinstrae thepdsarttages rat e of
190 nmMmn is obtained. The physical properties_ of the fil obt ai ned are
a tensile smaéggoasebqagéthe PressnbinNenttone TRR g2t felramplcs Wr%ltgggw@re( 104
ohmcm It | [ asing the flow rate of PH3 and conparing to
Exanmpl e 7, FﬁgﬁfggPéﬁﬁgF?%S%?ﬁéﬁé filmis greatly decreased while the
tensble stress remains essentially constant. 10 Exanple 9 In Exanple 9, a
dopi ng gas of PH3 and a gaseous nitrogen N2 are used in a reactant gas

m xture. The flowrate of silane is 1,000 sccm the flowrate of PH3 is
2.5 sccm the flowrate of N2 is 1,500 sccm and the flowrate of H2 is
1,000 sccm 15 The RF power used is 600 W the pressure of the chanber is
1.2 torr, the spacing of the electrodes is 962 mls (2.44 cm, the
susceptor tenperature is 400C, and the deposition rate obtained is 190
nm m n. An anorphous silicon filmhaving a desirable resistivity is
obt ai ned. The physical properties of the filmare neasured at a tensile
stress of 2.5 x 109 dyne/cnR and a resistivity of 9.6 x 105 ohmcm As 20
expected, increasing the concentration of nitrogen increases the
resistivity and decreases the conductivity. Exanple 10



q’ ALE M3
I n Exanpl e 10, a doping gas of PH3 and gaseous nitrogen N2 are used

25 reactant gas mxture. The flowrate of silane is 1,000 sccm the flow
rate of PH3 is 2.5 sccm the flowrate of N2 is 500 sccm and the flow
rate of H2 is-1,500 sccm The RF power used is 600 W the pressure of the
chanber is 1.2 torn, the spacing of the electrodes is 962 mls (2.44 cm,
the susceptor tenperature is 400C, and the deposition rate obtained is 194
nm m n. An anorphous silicon filmhaving a 30 desirable resistivity is
obt ai ned. The physical properties of the filmare neasured at a

conpressive stress of 1.1 x 109 dynefTABLEhd a resistivity of 8.2 x 102
ohmcm The data is consistent with the results obtained on the other
exanpl es. 11 AUG 2003 14 Exanples | through 3 shown above are conparative

exanpl es prepared-—by—pror—att—hretheds—Exanpres—4—through—p—shewr—ahove
illustrate|the aplva1t%2gi§ls)le irafle Eyompidd e | byExamplpd ese{iﬁamﬂvén1 ExampRh® | dat a
i el o e e AT A R R T
Si H44100010003Q6910Pp01000 seen PH3--5.5-42.51.5 stennNH3----5)0200200 fseem
PH3/ PH3- - - 1=—=1.-250¥5 X102 H240001000100¢10001000—segem
PH, - 5.5 - 2.5 1.5
scem
NH, - - 500 200 200
sccm
PH,/PH, - - - 1.25 0.75
x10?
H, 1000 1000 1000 1000 1000
scem
power 300 300 300 600 600
W
pressure 2.0 2.0 20 2.0 2.0
torr
spacing 962 962 962 962 962
mil
temp 410 410 410 400 400
°'C
dep rate 168 156 135 197 197
nm/min
stress C 8.0ES C 1.7E9 T 7.4E9 T 4.0E8 T 1.3E9
dyne/em?
resistivity 2.0E¢ 1.7E2 2.2E10 1.6E5 9.6E5
ohm-cm




power 300300300600600 W pressure2.02.02.02.02.0 torr spaci ng%Z%Z%%gg@@m}
ml tenp410410410400400 C dep ratel68156135197197 nnim n stressC 8. 0ESC

1. 7E9T 7.4E9T 4. 0E8T 1. 3E9 dyne/cnR resistivity2. 0E91. 7E22. 2E101. 6E59. 6E5
ohmcm1l i. AUG 201)3 16 TABLE 2 Exanpl e 6Exanpl e 7Exanpl e 8Exanpl e

9Exanpl e 10 Si H4410001000100010001000 sccm PH31.51.52.52.52.5 sccm

NH3100250100- - -- sccm PH3/ PH31. 500. 602. 50---- x102 N2------ 1500500 sccm
H210001000100010001500 sccm 16
TABLE 2
Example 6 | Example 7 Example 8 | Example 9 { Example 10
SiHA4, 1000 1000 1000 1000 1000
scem
PH, 1.5 1.5 25 2.5 25
;ccm
NH, 100 250 100 - -
sccm
PH,/PH, 1.50 0.60 2.50 - =
x10*
N, - - .- 1500 500
scem
H, 1000 1000 1000 1000 1500
scem
power 600 400 400 600 600
W
pressure 2.0 2.0 2.0 12 1.2
torr
spacing 962 962 962 962 962
mil
temp 400 400 400 400 400
‘C
dep rate 240 180 190 190 194
nm/min
stress T 4.7E9 T 6.3E9 T 4.8E9 T 2.5ES C 1.1ES
dyne/cm? |
resistivity 3.6ES 7.0E6 6.0E4 9.0E5 8.2E2
ohm-cm




power 600400400600600 W pressur e2. 02. 02. 01. 21. 2 torr spaci ng96296296296b8¥p2003
m | tenp400400400400400 oC dep rat e240180190190194 n mM m n stressT 4. 7TE9QT
6. 3E9T 4. 8E9T 2. 5E9C 1. 1E9 dyne/cn® resistivity3.6E57. 0E66. OE49. OE58. 2E2
ohmcm 1l L AUG 2003 17 By m xing the dopi ng gases of PH3 and NH3 toget her
at various volune ratios, i.e. in the range between about 1000:1 and about
10: 1 for NH3: PH3, anorphous silicon filnms having desirable stress val ues
and resistivity values can be obtained.;j71t is shown in Figure 3 that by
changi ng the phosphine content in the reactant gas 5 mxture, the
conductivity of Byhgixind 8 dsﬁmﬁ Bses BﬁPHeﬂhd WAL tdghleARGRHohdWII6RE kst he
phosphi ne content increases the conduct i vi ty ofgt he fil m since phosphorus
is an el ectuor\hmngﬂbet@hm abzout YOO hamdyabogt 1 fori NHo§HR aoumplenss i n t he

reactant g u e ere st|V|t af the fi ai ned since
ni trogen cgﬁlﬁj? ﬁiﬂ‘ &“ﬁg Slﬁ§{%?s§t\’ia gtr“f‘?’ ‘@Iluetsﬁ@ng%’f’ﬁﬁamﬁgr Yi nst ance,
by incr eashsr@;ohjﬁe:n'f“ﬁédr@gﬂ{ht B?@Bﬁ@ng%e Eﬁlﬁpﬁﬁ@%ﬁt@ﬁt 1&%&%&1580&1&” e, the
resistivity of the anorphous”silicon | mobtained is increased. A

desiSr abl e mangee, thoer candectinetyicf theviling oaﬁbe blzanged sEmtinstanceninceasiagrirephous
silicon basE filmis between abouyt 103 rt]wt%bout 1%& hm cm This range

i s obt ai naBPesPhEePBIERt Inglragesdh ughawe Hphfrcerp 0CSE“Sn‘érﬁnexperl nent al

data not_PERSAR! a6hdiCknildly, DRELEGEBRAFcdfer SPiEHEaldn glsimREbeen about

105 and about 106 ohmcm Thus,
changes the resistivity of the ﬁlm obtained since nitrogen contributes to the insulating

property of the film. For instance, by increasing the nitrogen content of the reactant
10 gas mixture, the resistivity of the amorphous silicon film obtained is increased. A
desirable range for the resistivity of the present invention amorphous silicon based
film is between about 10° and about 107 ohm-cm. This range is obtainable as shown
by the data shown in Table 1 and other experimental data not presented here. A
preferred range of resistivity is between about 10° and about 10° ohm-cm. Thus, by
15 using the inventive reactant gas mixture of PH, and NH,, an amorphous silicon-

based film with a controlled conductivity and low stress may be formed.

The stress level in the films is generally preferred to be minimized. The stress
values should be kept in the low 10° dyne/em? or in the high 10°® dyne/cm? range. As
seen in Figure 4, the stress level remains essentially constant with changing flow rate

20 ratios of PH;:NH,. The novel method described herein enables a suitable control of
the type of stress in the amorphous silicon film deposited while enabling a predictable
selection of the resulting resistivity.

Examples 1 through 8 used ammonia as the nitrogen-containing gas.
Examples 9 and 10 used gaseous nitrogen N, as the nitrogen-containing gas and

25 produced controllable resistivities in the range of 107 to 10* ohm-cm. It is believed
that yet other nitrogen-containing gas such as N,O would produce similar results.
We believe that the nitrogen is introduced into the amorphous silicon matrix at
levels far above those associated with doping levels. While increasing
concentrations of the semiconductor n-type dopant P from the PH, increases

30 conductivitics (decreases resistivities), increasing concentrations of nitrogen tend to
increase the electronic band gap as the resultant material progressively changes

from amorphous silicon to silicon nmitride. The larger band gaps are associated with



15 using the inventive reactant gas m xture of PH3 and NH3, an armrphq?AUE 2003
silicon- based filmwith a controlled conductivity and | ow stress may be
formed. The stress level in the films is generally preferred to be

m ni m zed. The stress values should be kept in the | ow 109 dyne/cnR or in
the high 10 8 dyne/cnR2 range. As seen in Figure 4, the stress |evel

remai ns essentially constant with changing flowrate 20 ratios of PH3: NH3.

The novel nethod described herein enabl 48 a suitable control of the type

of stress in the anorphous silicon filmdeposited while enabling a

pr edi ct abl emcerabescresisiivity. Thes, rsgnidn ¢ifagtsr okt heydhtginatiig dypiseof1 t hr ough 8

used ammoni a_as the nitrogen-containin as. .. |l es 9 and 10 used
Gaseous i tGUH-ROARLE HeoTHEER SYRATEE NEn AL et AT davedne
control | abl @ntiegbfhdoy sllice® chrbidend’ 18O 1 &trid AfichP dibRfieohm cm It is
believed that yet other nitrogen-containing gas such as N20O woul d produce

simlar results. Fonvexamadle,evearbtatorntimeing valatgerfe.gs ai gas modugasebusnt o t he

anor phous silicon matrix.at ., levels far above those associated w th doping
level s. wni THbSFRERARaY he inttagiveeh Bing Bisdeppoitioh. o sheGmIGES SHConPIBE dopant

P fromthe B3 ¢ RGHEASERS C&Q%Lfaaof#ys% kel aégggite{dgﬁmeﬁ?&%e Erﬁﬁ%&ﬁﬂe jties),

I ncreasi ng concentrations of nitrogen t I ncrease the el éctroni c band
gap as the mesaht §0H,)natietrodiced mog tkes dépositipnaihamyersalofg emthansilipbous sil i con

to silicon nitride. The |l arger. band, gaps are associated with 1 UG 2003
18 "1 nor easGtr T BGEsyalRIle JEET RS BRhAraR GPRUCELTh Gk oP e 3bPLPRb e by
use of CarQ&Wt&%hﬂ'aﬁﬁrﬂ{ougféﬂﬁﬁﬂbﬁﬁatﬁlhﬂ' AY G969 ESn MPusd sdihye the

material toward the sem-insulator silicon carbide and the dielectric
si | 1@on di ophiatehinE@as exased| a8, thadepanbonlatibm tlad resiagvitobfithiel deposted. filma gas or

5. subst int roduced duri he d i ti f
Ao phous <TETSH- BaDb Ao 1Amet BERBRF oo CRIRINE (S 1% 5o BrSEIRd Boposi t ed
film In Onﬁc%ﬂhﬁéigiﬁf@f.?., ad e FRNE rdtEittio PHJ:FH‘,Fd?&HE%EJ).iﬂE&, eeaddmpasi tion

chanber along With a silicon- containing volatile (e.g., silane gas) and a
dopant vol a¢f & sabengontaRigg yaktiernRPHe degosition chandremteands doronquease she

SUEREE S IR TN PG S SRR

15 another embodiment, a nitrogen-containing volatile (e.g., NH,, N,, or N,O) may be
introduced into the deposition chamber along with a carbon-containing volatile
(e.g., CH,) and a dopant volatile (e.g., PH,or BH ). In this embodiment, the
carbon-containing volatile and the nitrogen-containing volatile serve to increase the
resistivity of the deposited film, and the dopant volatile serves to increase the

20 conductivity of the deposited film. In any of these embodiments, the amorphous
silicon-based film may be formed by many film forming techniques, including
chemical vapor deposition (CVD), plasma enhanced chemical vapor deposition
(PECVD), and physical vapor deposition (PVD) techniques. When the film 1s
formed using PVD, the carbon-containing volatile may be introduced into the

25 deposition chamber by RF sputtering a high-purity silicon carbide target.

"The examples described above show an amorphous silicon film having a
resistivity controllable in the range of 10% to 10" ohm-cm. We believe that the
controllable range can be extended to 10'° ohm-cm by using very limited amounts
of phosphine, particularty with the heavy ammonia concentration of Example 3.

30 The invention thus provides a method of controllably achieving resistivities in the
range of 10° to 10° ohm-cm, which were not easily obtainable in the prior art.

While the present invention has been described in an illustrative manner, it




increases as the flowrate of nethane is increased relative to the f]QMhUElms
rate of the phosphine gas (i.e., as the flowrate ratio PH3: CH4
decreases). Thus, the addition of a carbon-containing volatile into the
deposition chanber tends to increase the resistivity of the deposited
film assum ng other factors remain unchanged. In 15 another enbodi nent, a
nitrogen-containing volatile (e.g., NH3, N2, or N20) may be introduced
into the deposition chanber along with @® carbon-containing volatile (e.g.,
CH4) and a dopant volatile (e.g., PH3 or B -1 ). In this enbodi nent, the
car bon- contshoulidrig wtalesstaddethantihe ttérenineid £10 gend- i€ imtrdedi to hevial atdtlne sfer ve to
increase the resistivity of the deposited film and the dopant volatile
serves to iWRIA&4Edeschption rathedian Pf/ﬁWaB‘P“-t he deposited film In any of
these embodi mentify ligoTRARD NS preSlrk LERNABPAS ! LIRS (LarHd, by many
filmformng techniques,”inclu |%g chem cal “vapor deposition , plasma
enhanced chgeefefral exdpaimdaheBRstdfl fns td PEMDEciated dhdd vk GRIlleddpake geposi tion
(PVD techniques._ When the filmis forned using PVD, the carbon-containing
vol ax i | e mayllrsadiht appdy dhege iterchinghto oBerdpgrobie yatptionaabie ipyerrons disrt er i ng

a high-puri.ty silicon carbide target.. The exanples _descri.hed abpve show an
ror phous. dhipRenoRR ¥SR oL BhPE) nEGeRI BB Ral B SRURRS BRENE 10 ge o
102 to 10" [y dMthoddshdeni i@MBe tXaipled)€The 8630 chaPHE of 8ik0&xagplesbe ext ended
to 1010 ohmcm by using very limted anmounts of phosphine, particularly

with the haaoyidesbyrieadapons ePtlreamnt-iype dopank gages endy, begusedthwith heent i on t hus
provi des a.nethod of, contrall ably achieving,resistivities.in.the range of
103"t o 20" SPUIHIBm AR PRAoB H e Eaa Ty e ) WELIOE HS AL BE o vt
Whiie the phessoh. THY BRdlogén BasSoiBe rxafples idRrRs tetudig ihanUSHL ahd iismanner ,

it 12 AUG 2003 19 shoul d be understood that the term nol ogy used is
i nt ended t diclseprimanalyriataucasrier gaswdtheaghort igeeientienabie pee kedroggnate deposit

limtation. .kurthernore ihe th esent. invention 3 | bed in
terms of a hl%*#‘@?“telﬁkf & O%Oyis%cﬁﬁ ﬁ{gére‘%%?éri éag'%/sstﬂ%{o‘%ﬁel&ggﬁé{%ﬁgﬁéﬁq{"%at
those skil ligflogdh-ddneaiing gas b be betRdivied ARRPRhY HL hEXembRIWTisOgS cirdiept her
possi bl e variations of the invention. For instance, other volune ratios

bet ween t hezagespiradirgasled e.miyrthermene, teypn yhawgbdhe process of PECVD is used to
15 deposit layers in a field emission display device, other processes such as CVD may

also be used to deposit amorphous silicon based films that have controlled
conductivity in other semiconductor devices.

Other embodiments are within the scope of the claims.

20



pl ace of those shown in the exanples. The dopant gas PH3 of the exan‘m_qw[i 2003
provi des n-type doping. O her n-type dopant gases may be used with the

i nvention. Also, p-type dopant gases, such as B2H6, may be used with the 10
i nvention. The hydrogen gas of the exanples is |ess reducing than NH3 and
thus acts primarily as a carrier gas although it is conventional to use
hydr ogen to deposit high-quality anorphous silicon. O her carrier gases
that are |less reducing than the nitrogep-containing gas can be substituted
for the H2. Exanples of such carrier gases are Ar and He. Furthernore,

even t houghwithgeTrsaceapveh RECVYD is used to 15 deposit layers in a field
em ssion display device, other processes such as CVD may also be used to

deposit anorphous silicon based filns that have controlled conductivity in
ot her sem conduct or devices. O her enbodinments are within the scope of the
claims. 20 1 1. AU G 2onghodoffarpingsnammrriys siicop-base fgt ¢rriswbstrater ni ng an
anor phous si.l.J - e u . located inside a deposition
chanber, colr?%%t%glﬂlnsgo:%%s&lp%%l]}l%ggﬁlﬁ%&a&gﬂr@@ n- based volatile into the

depogi ti on chanbgitrioduding b edi¢ch-besddotatild@tcigpdshdsiton chambeer a
conductivity-increasing volatile including one or nore conponents for

i ncreasi ng the cbwededingintg therdepputiamehagthsns corfuct vibhirseeasiag fplatie and

i ntroduci ng._int:o the deposition c er a_.conductiviiy-degreasi vol atil e
101 nel ua M5 BREaPE o HRRE KBt fhreduif BEPRA SR ERRDR ot he
anor phous  §litdchedfsAdardd | M 2. The nethod of claim1l, wherein the
conductivity-increasing volatile and the conductivity-decreasing volatile
are introduced i mnedu¢iBg Heo the depesitiemehamher acondyctivitydeareasmngvolaile ve 1 ow

| . . . et ivitv 3 ¢
i el 57 o€k U STe BodBReny ok esRasiR R dobgbty o WSHIRRASE 1 1,
resistivitysibforabsed fild3- 10' ohmcm

2. The method of claim 1, wherein the conductivity-increasing volatile
and the conductivity-decreasing volatile are introduced into the deposition chamber at

15 respective relative flow rates selected to achieve a desired film resistivity.

3. The method of claim 2, wherein the relative flow rates are selected to

achieve a film resistivity of about 10°-10” ohm-cm.

20 4, The method of claim 1, wherein the conductivity-increasing volatile
consists of phosphine and the conductivity-decreasing volatile consists of ammeonia,
the phosphine and the ammonia being introduced into the deposition chamber at a

flow rate ratio in a range of about 1:1000 to about 1:10 (phosphine:ammonia).

25 5. The method of claim 1, wherein the conductivity-increasing volatile
consists of phosphine and the conductivity-decreasing volatile consists of methane,
the phosphine and the methane being introduced into the deposition chamber at a flow

rate ratio in a range of about 1:100 to about 1:1 (phosphine:methane).

30 6. The method of claim 1, wherein the conductivity-increasing volatile

includes a dopant.



20 25 30 4. The nethod of claim1, wherein the conductivity-increasiﬂélAUBzm}
vol atile consists of phosphine and the conductivity-decreasing volatile
consi sts of amonia, the phosphine and the anmonia being introduced into

t he deposition chanber at a flowrate ratio in a range of about 1:1000 to
about | :10 (phosphine: ammonia). 5. The nethod of claim1, wherein the
conductivity-increasing volatile consists of phosphine and the
conductivity-decreasing volatile consistis of nethane, the phosphine and

t he met hane being introduced into the deposition chanber at a flow rate

ratio in a rangey.of apmisnethiod bOOlaind6aRREinthe dopapiiasibise: n-pt dapa). 6. The
nmet hod of claim 1, wherein the conductivity-increasing volatile 1includes a

dopant. 11. AUG 2003 21 7. The method of claim®6, wherein the dopant

i ncl udes an n-type dopant. 8. e. met hod of. claim.,., wherein the n-type
dopant i ncl udes Qphosﬁﬁ%@ﬁﬁ@qOgaﬁmg$ﬁﬂﬁﬁgpﬁgﬂn' ¢ QORMLIECISR o1 0i 1 t he
dopant | nclﬁggﬁé}oﬁtype dopant. 10. The nethod of claim9, wherein the

p-type dopant 1 ncludes boron. 10 11. The nmethod of claim 1, wherein the
anmorphous silicon-based filmis characterized by a band gap, and the

conducti vi ty- decy easi vol ati l.e includes. a band . . i ncreasin onponent
that increases the baﬁge Vet OSPf?'ﬁ@ én’ﬁ eﬁﬁ‘B@e @%ap‘clgﬁﬁﬂ‘éﬁsaeﬁ? idlogr?'ﬁel ative
to a filmformed under simlar conditions but without the band gap
i ncreasing conponent. 15 12. The nethod of claim 1, wherein the
conduct i vity- dect®asi hige methatliof elaini Acwheteis the p-typgalopart 3nclodes baranhod of
claim 12, wherein the conductivity-decreasing volatile
10 11.  The method of claim 1, wherein the amorphous silicon-based film is
characterized by a band gap, and the conductivity-decreasing volatile includes a band
gap increasing component that increases the band gap of the amorphous silicon-based
film relative to a film formed under similar conditions but without the band gap
increasing component.
15

12.  The method of claim 1, wherein the conductivity-decreasing volatile

includes nitrogen.

13.  The method of claim 12, wherein the conductivity-decreasing volatile

20 includes ammonia.

14. The method of claim 1, wherein the conductivity-decreasing volatile
includes N,O.

25 15. The method of ciaim 1, wherein the conductivity-decreasing volatile

includes carbon.

16. The method of claim 15, wherein the conductivity-decreasing volatile
includes methane.
30
17. The method of claim 1, wherein the silicon-based film consists of

silane, the conductivity-increasing volatile consists of phosphine, and the



20 includes ammoni a. 14. The nethod of claim11, wherein the 19 AUG 2003
conductivity-decreasing volatile includes N20. 25 15. The nethod of claim
1, wherein the conductivity-decreasing volatile includes carbon. 16. The
met hod of claim 15, wherein the conductivity-decreasing volatile includes
nmet hane. 30 17. The nethod of claim1, wherein the silicon-based film
consists of silane, the conductivity-increasing volatile consists of
phosphi ne, and the 11, AUG 2003 22 condy ?tlvity-decreasing vol atil e

consi sts of anmmonia. 18. The nethod of claim1, wherein the silicon-based
filmconsists N easing volatile consists of
phosphi ne, Congg%thv@éecre ugtvts{/a?? C%ﬁg%fsggé%ﬁ%&% atile consists of nethane.
19. The method of claim1, further conprising introducing into the

deposi tion chanber a second conductivity-decreasing volatile. 10 20. The
met hod of claim1®, mﬂfb¢methqdh§cbﬂmllewhelﬁas@@lﬂﬂlm agAdilmroongsts ofj | ane, the

conductivit |nc easi volatile con ts R first

conduct i Vi t%la %&%‘}‘ﬂ‘guk’f@f Htcffiaé!“%ﬂ c@“ﬁ‘ftsgﬁﬂ%ﬂ? me’aaﬁ'gqﬁ%e second
condgict i vi t%ndq@tﬁﬁﬁaéécl:&smg|v%Idt1'l@ccﬁ1§x@§'o$h§etl§Hne net hane. 15 21. A field

enm ssion di splay device having a substrate fabricated according to claim 1.

22. An el ectronic device havi ng a subst rate fabricated according to claim

1. 20 23. A flat ane dIS th|n a.subs tefa cated
according to clafm 1: ﬂﬂad Y‘Hg‘ﬂ@rlséﬁglghﬁ cﬁ%’él hFl con- based

filmon a Smglﬁlﬁﬁ%hambera second conduct1v1ty-decreasmg volatile.

10 20. The method of claim 19, wherein the silicon-based film consists of
silane, the conductivity-increasing volatile consists of phosphine, the first
conductivity-decreasing volatile consists of ammonia, and the second conductivity-

decreasing volatile consists of methane.

15 21. A field emission display device having a substrate fabricated according
to claim 1.
22. An electronic device having a substrate fabricated according to claim
1.
20

23. A flat panel display device having a substrate fabricated according to

claim 1.

24. A method of forming an amorphous silicon-based film on a substrate
25 located inside a deposition chamber, comprising:

introducing a silicon-based volatile into the deposition chamber;

introducing phosphine into the deposition chamber; and

introducing a nitrogen-containing volatile into the deposition chamber.

30 25. A field emission display device having a substrate fabricated according

to claim 24.



25 |l ocated inside a deposition chanber, conprising: introducing a 19 AUG 2003
silicon-based volatile into the deposition chanber; introducing phosphine
into the deposition chanber; and introducing a nitrogen-containing volatile
into the deposition chanber. 30 25. A field em ssion display device having

a substrate fabricated according to claim24. 1 11 AUG 2001 23 26. An

el ectroni c device having a substrate fabricated according to claim?24. 27.A
flat panel display device having a subsbgate fabricated according to 5claim
24. 28. A nethod of form ng an anorphous”Silicon-based filmon a substrate

| ocat ed i nside a.,depo on cha nt r aduc
si i con- Ibasiad vo?g”t PI Z\Ini %?Célopﬁedwgbcﬁég}’lf]g(%ﬁu@fﬁ%tf@mea ﬁ%f‘l?rgﬂ‘@é? fiBhosphi ne
into the deppsition chanber; and introducing a carbon-containing volatile

into the deposition chanber. 29. A field em ssion display device having a
substrate fabricated according 15to claim 28. 30. An el ectronic device

having a substrate fahrjcate ccording.to claim28. 31. A flat panel
di spl ay device hgzi ngaah§%§%|ﬂgﬁpgayf BF?@%Y‘@&Iaé%'??HF‘@lfﬂtﬁm@E‘?d?G‘éqrgi%tQS 25
5 claim 24.

28. A method of forming an amorphous silicon-based film on a substrate
located inside a deposition chamber, comprising:
introducing a silicon-based volatile into the deposition chamber;
10 introducing phosphine into the deposition chamber; and

introducing a carbon-containing volatile into the deposition chamber.

29. A field emission display device having a substrate fabricated according
to claim 28.

15

30. An electronic device having a substrate fabricated according to claim
28.

31. A flat panel display device having a substrate fabricated according to
20 claim 28.

25



