FI LM FORM NG METHOD TECHNI CAL FIELD 5 The present invention rel ates
to a filmformng nmethod. BACKGROUND ART A switch elenent for a

pi xel of a large display uses a 10 | ow tenperature polysilicon
(hereinafter sinply referred to as |low tenperature p-Si), which has
hi gh electron nobility, 1in an active layer of a thin filmtransistor
(TFT) to increase the responseigpeedrRMIOG oETMHaDgat e i nsul ation film
which is stacked on | ow tenperature p-Si, PECVD (Plasma 15 Enhanced
Chem cal Vapor Deposition) is known in the prior art as a process

usi ng an (A gaficSid@ieg conpound, for exanple, tetraethoxysilane
(TECS) as a raw material (e.g., patent docunent 1). 20 The PECVD

process uses a vacuum chanber, which is connected to a gas supply
system and an..exhaust syste and s lies a gas. mxture. ¢ i,ni hg
of gantc i1 anE SOMBOUHE HN AR Gh TSGR Tt That vae R S
fromthe gas supply system In the vacuum chanber, a substrate is 25
arranged on one el ectrode and high frequency power is supplied to
anot her &7ATHYS R d*Rfenerate pl asma between the el ectrodes and
thereby forman insulative filmon the substrate. The organic silane
conpound is activated in plasma. Thus, an insulative film my be
evenly forned® oswiheh 30l ¢rmene Subst rptecswf azel ®vem dhaplaheises a

tenperature of the substrate is. relatively low._As the resol uti
becorbe MGhar=Tee 3 1 gt oh Sph i PURH RS o et ip e et o
charact erdstigs thegam necessary) f ofnide hpate dihsall edd e fidbn 1 isugh
as | ow | eakage current, high breakdown resistance to pressure, |ow
fixed charyeershive layer of a thin film transistor (TFT) to

increase the response speed. To form a gate insulation film,
which is stacked on low temperature p-S5i, PECVD (PFlasma

15 Enhanced Chemical Vapor Deposition) is known in the prior
art as a process using an organic silane compound, for
example, tetraethoxysilane (TEOS) as a raw material {e.g.,

patent document 1).

20 The PECVD process uses a vacuum chamber, which is
connected to a gas supply system and an exhaust system, and
supplies a gas mixture containing organic silane compound
and oxidation gas into the vacuum chamber from the gas
supply system. In the vacuum chamber, a substrate is

25 arranged on one electrode and high frequency power is
supplied tc ancther electrode to generate plasma between the
electrodes and thereby form an insulative film on the
substrate. The organié silane compound is activated in
plasma. Thus, an insulative film may be evenly formed on the

30 large substrate surface even when the temperature of the

substrate is relatively low.

As the resolution becomes higher for a large display,



and low interface state density. Patent docunment 2 includes 5 a high
frequency power supply and a pul se power supply, in which the high
frequency power applied to an electrode is repeatedly stopped for by
a predeterm ned period. In the plasna generated between the

el ectrodes, the lifespan of a radical is several mlliseconds to
several twensiofs Hl gvddi e artdssa ard itdtel dd frespare ofearsdaory ir the
several m croseconds to several tens of m.craseconds. Thus, .qQns

di sappearddtf CHE W 96 ifod e THE Rty dcﬁ?g?ﬂ%? gotere and' ?'he

i nsul at i ve-Jd 4B Qs undgic@ t grdadical 1aPNceid alioe Ratritty,
docunent 2 alternately arranges the 15 period in which ions apply

i mpact t anchel avhsiulted facd i3 ta e dlendic per Padent @lRiceRenfe 2i Asglatdege
filmgrows w thout receiving inpact,fr t ' : ' S .
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Docunent 1: Japanese Lai d-Open Patent Publicatjon No. , 8-279505

Pat ent DIERfEHSDLY FHRRRAS 1% RORRPEASHRITBUKY Rf5 iR No i the
2001- 110728 gp. [} 10 Jh [IWENTI N Gened alde 1 #8800 of a
anneal i ng process that irradiates anorphous silicon (hereinafter
sinply refetiedl tics aaeeerSi) mBOLkedrads exeiyrefalsdrens afsed as a

techni,que for. form | ow, t ature p-Si._In the |as neal i ng

pr ociés, T} l%er‘i%q%g’ g?‘rb%tﬁ“n%ﬂja%?s&%r?e%pear%tlﬁne %o%%&{%r%p% omoted in

the plangchd@cdian ©f fosahst redes tor it ead eordd ar geud  diianmst er

p-Si. For exanple, in the |aser anneali ngk process
disappear in the OFF period of the high frequency power, and
the insulative film grows under a high radical
concentration. Patent document 2 alternately arranges the

15 period in which ions apply impact to the insulative film and

the period in which the insulative film grows without
receiving impact from the ions. This reduces damage on the

insulative film caused by plasma and improves the electrical

characteristics of the insulative film.

20
Patent Document 1: Japanese Laid-Open Patent Publication No.
8-279505
Patent Document 2: Japanese Laid-Open Patent Publication No.
2001-110798

25

DISCLOSURE OF THE INVENTION

Generally, a laser annealing process that irradiates
amorphous silicon (hereinafter simply referred to as a-35i)
30 with an excimer laser is used as a technigue for forming low
temperature p-Si. In the laser annealing process, the
crystal growth of a low temperature p-Si is promoted in the

planar direction of a substrate to fabricate a large-



the intensity of the |laser is spatially nodulated in the planar
direction of the substrate or |aser scanning is perforned in the
pl anar direction of the substrate. Thus, 5 the crystals of the p-Si
are grown froma location at which the intensity is lowto a

| ocation at which the intensity is high, that is, along the planar

di recti odiehethe gpulgstrarer Yhempbeyfonning Lbeckaseneanheql bngcess,
process on a-Si, the 10 density of the |ow tenperature p-Si is | ower

than t he thigersiteysaf vt Ré &Ns 1oPRiTs iisnSPadded LyhBoPuaRe ot ot i8S i | m

t hat hasPﬁ%@%Eggﬁ%eEQ%o%n%%akh%gsﬁE@%%@tﬁb%ﬂ'g%%@h“@c%%%l s u3|ng
the | aser annealing process, valleys and ridges are forne |n t he
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crystallization iffer 03|t|on The S
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of the gate insulative film 20 Wen rlgiges are fornmed in the

surface &fidbhe thew itsempeioaicurd ep Pdianamh elmsckmes S ot ensvgateate -

insulative film nust be entirely increased to ensure that there is
sufficient distance between the peaks of the ridges and the 25 | ower
surface of thﬁlegatpezreﬂcemjrmﬁe:heﬂﬂiasseg:@a'trie}aldbm rucicesgs hrcknesls the

reduct i on of the sulatlvefllm As a .result, vvlth TFT using
t he f@ Aemsdrat egil oW (L qMPe LIS 1o 4 &S i mf&aﬁ rove

the el ectydrzaly @iart@efet %I—lﬁtl c$hok therik¥cevenswbufesbgnshkorilm
i ncr easi n%t 30 the current drive capability of the TFT, such as for
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gate Ien%h uéing the laser annealing process, valleys and ridges are
formed in the surface of the p-$%i in accordance with the
15 +time difference of crystallization between different
positions. The valleys and ridges in the surface of the p-5i
cause the problems that will now be described in subsequent
steps, in particular, in the formation step of the gate
insulative f£ilm.
20
When ridges are formed in the surface of the low
temperature p-Si, the thickness of the gate insulative film
must be entirely increased to ensure that there is
sufficient distance between the peaks of the ridges and the
25 lower surface of the gate electrode. This greatly obstructs
thickness reduction of the gate insulative film. As a
result, with a TFT using the low temperature p-Si, it is
difficult to sufficiently improve the electrical
characteristics of the TFT even with designs for increasing
30 the current drive capability of the TFT, such as for
improving the quality of the low temperature p-Si or

shortening the gate length.



The present invention provides a filmformation nethod allow ng for
the gate insulative filmto be thinner by suppressing the
deterioration in the electrical characteristics of the gate
insulative filmand increasing 5 the surface coating rate of the gate
insulative film MEANS FOR SOLVI NG THE PROBLEM A first aspect of the
present inventh®npissantiinvd:fonnptsondaet hofli f:orfdanat hgn ansthodon
insulative filmon a substrate arranged in a vacuum chanber. The

met hod i et WRIBNY stippl SihPa e VatinmrEanbe™ Wit S YR %t e

cont ai ni ng,,an QL HaN &, S1dane: corpoudd and i oxdddati om gas,
generating "a pulsed high frequency power to intermttently supply a
15 hi gh foleguerncyr powers @hdtiorgdty theubiticonfihswed iecrdasimaon
the sybstrate b | asmati zi ng_the S_Jm xture wt the pul.sed high
Ff equincy DoVt ERa AT HE o po S 2 M hatire P Sfer

i ncl udes generating the pulsed high frequency power with the | argest
duty ratio that satisfies a 20 target value of a surface coating rate
of the silicon insulatiEANY ACR KoM ddpfedRBiLEhe present
invention is a film formation nmethod for formng a silicon
insulative filmon a 25 substrate arranged in a vacuum chanber. The
met hod i ncl udestsuppl yspgct hef vastauprebanbeinwethian gas &i Xtime

cont ai.ni n an_organi ¢ sil ane conpound and, an oxj datj on. gas,.
genetft i NPT PR AEE TR 19 bquemby Pomet 1o Tht HITH 1T ehTT T sUB?Y %
hi gh frequensyr ones ; r aiged of i Hovi beusi th&MFe i NSUhaL imea n3Q fiidduer s
the substrate by plasmatizing the gas m xture with the pul sed hjigh

f r equencys oY 1 nSal ke gerer it | ARABOPEISEE: fi GhS (P eguetRyCpobtn g
i ncl udes prcgﬁétﬂi‘& ébf?l{?%lté%%brg@ ahd CANENCYIPONSE YALh Qe flliyring

rati o tha arns a
a pulsed high frequency peower to intermittently supply a

15 high frequency power, and forming the silicon insulative
film on the substrate by plasmatizing the gas mixture with
the pulsed high frequency power. Said generating a pulsed
high frequency power includes generating the pulsed high
frequency power with the largest duty ratio that satisfies a

20 target value of a surface coating rate of the silicon

insulative film.

A second aspect of the present invention is a film

formation method for forming a silicon insulative film on a

25 substrate arranged in a vacuum chamber. The method includes
supplying the vacuum chamber with a gas mixture containing
an organic silane compound and an oxidation gas, generating
a pulsed high frequency power to intermittently supply a
high frequency power, and forming the silicon insulative

30 film on the substrate by plasmatizing the gas mixture with
the pulsed high frequency power. Said generating a pulsed
high frequency power includes generating the pulsed high

frequency power with a duty ratio that maintains a flat band



voltage of the silicon insulative filmwthin a predeterm ned

vol tage range and satisfies a target value of a surface coating rate
of the silicon insulative film 5 BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1 is a schematic cross-sectional view showing a filmfornmation
device; Fig. 2 is a cross-sectional view show ng a dummy 10 pattern;
and Fi gs.volAaad oIB tare sdildgicans risespadiviey dliyins hdwihig the dependency

of the duty ratio on the flat band voltage and kK the dependency of the
duty rat P& e6e HR@INRG &3 tE6R iHRg9S &6 P ISESER BTIFANIGE REPERERCE

CHARACTE%Séqff M R&JHOGg Tt OFF ReId adi1i1Qn filddmifarRRl ifQnq devi ce,
11: vacuum chanber, 14: power supply unit, 15: high 20 frequency
power supply, 16: pul se power supply. BEST MODE FOR CARRYI NG QUT THE

Lhe present i nvent | on T B bE A CONsCa MiEt RePATArence. 1o the |

drawings. Fig. 1 is a schematic cross-sectional view showng a film
formati on device 10 used in the filmformation nethod of the present
i nvention. THe ®r okeks 1§ nEdhenat I S ras SHRFF T %! 6t cHICYEGfhett i on
between the 30 memhers, A ghewn in Fig. 1, the filmformation device
10 includes a vacuum chanber 11 coupled to an exhaust system 12 5
and depressurfiized 2 d=a predetersgaebpressiae stheninhe dexmaust
syst m 12 i,s driven. The vacuum chanber 11 has an upper wall that

a

hol d B Hae upper el ectrode 13,

Figs. 3A and 3B are diagrams respectively showing the
dependency of the duty ratio on the flat band voltage and
the dependency of the duty ratio on the surface coating
rate.

15
DESCRIPTION OF REFERENCE CHARACTERS

Ti: ON period, T2: OFF period, 10: film formation
device, 11l: vacuum chamber, 14: power supply unit, 15: high

20 frequency power supply, 16: pulse power supply.
BEST MODE FOR CARRYING OUT THE INVENTION

A film formation method according to one embodiment of
25 the present invention will now be discussed with reference
to the drawings. Fig. 1 is a schematic cross-sectional view
showing a film formation device 10 used in the film
formation method of the present invention. The broken lines
in Fig. 1 show the electrical connection between the

30 members.

As shown in Fig. 1, the film formation device 10

includes a vacuum chamber 11 coupled to an exhaust system 12



which is electrically insulated fromthe vacuum chanber 11. 5 The
upper wall is connected via the upper electrode 13 to a power supply
unit 14. The power supply unit 14 includes a high frequency power
supply 15 and a switching power supply 16. The power supply 10 unit
14 nodul ates high frequency power, which has a predeterm ned
]1: r equencﬁnﬁed@p,re%Eull*Zz%HZ):oaﬁd owkideh eirmingenetratedrky whhe hhgh
requency power supply 15, to a . pulse wave with the switchin ower
suppl y 16X8A4SSUSYEILER pewer SddrRg aT%?eH%?%?ﬂiﬁ%ﬂm?ﬁFpiri%%$p@%en

the powe E;P%%Bp L 14Nkt 215 114 disS 2dbh k@R shR@ WP I&%? 8l eabrededt31s,
receives e pulsed high frequency power fromthe power supply unit
14 and ghdehaﬂese@b&$a&€ﬁdlvhén$&d@mﬁﬁcﬁawmeﬁhﬁlVaAu@@sC§@@§E¥ 11.

chanber a extends roughout the jinterior 20 of _t r
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supply system bépplheu@as supply system 17 is connected to a gas
cylinder 17a, which is filled with organic silane conpound, and a
gas cylinder 17b, which is filled with oxidation gas, to selectively

draw the gas 3 fid.J&d d A the 9as Jdd ndelinl 7 KRR nkAP Jdia:
t he gas sup8ﬁ§25k£§%erL§§§39$hetbggﬁgbpply chanb§$;13a 'S coﬁﬁétted
to a pl usalpply df swmoplay shdlteh it3b pomsircsuapd vi 16 .cofianpeder oALAPL K

the jnteriqr of the vacuum ch r 11, and supplies.the gas fromthe

gas L@ppp€l§y§ﬁeﬁofﬁm_ 5 Pﬁg%B IWﬁ%ﬁﬁﬁ?%ﬁﬁWﬁ%ﬁ Tq”ﬁﬁbﬁaﬁh%'gas

supply syte@iatbinlisicdl ifvenie nel.es ,0f27an 2omged)i Ginsakibiehcarpound

include tetraethoxysilane (TEGS) and trinethylsilane, and an 6
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during a predetermined ON period. When the power supply unit

15 14 is driven, the upper electrode 13 receives the pulsed

high freguency power from the power supply unit 14 and

generates plasma in the vacuum chamber 11.

A gas supply chamber 13a extends throughout the interior

20 of the upper electrode 13, and the gas supply chamber 13a is
connected to a gas supply system 17. The gas supply system
17 is connected to a gas cylinder 17a, which is filled with
organic silane compcund, and a gas cylinder 17b, which is
filled with oxidation gas, to selectively draw the gas

25 filled in each of the gas cylinders 17a and 17b into the gas
supply chamber 13a. The gas supply chamber 13a is connected
to a plurality of supply holes 13b, which are in
communication with the interior of the vacuum chamber 11,
and supplies the gas from the gas supply system 17 into the

30 vacuum chamber 11 when the gas supply system 17 is driven.

Examples of an organic saline compound include

tetraethoxysilane (TE0S) and trimethylsilane, and an



hel ium and nitrogen, nay be added to these gases. Further, 5 the gas
supply system 17 may add hydrogen in addition to the organic silane
conpound and the oxidation gas. A substrate stage 18 for holding a
substrate Sis arranged in the vacuum chanber 11. The substrate
stage 18 10 holds the substrate Sin a state in which the upper

el ectrodent3tare ihe,sufkacesokrighe ,sukgtinat e cs haceogenar cayedeh
other. The substrate stage 18 includes a heater 18a for heatlnguéhe

subst r at 89gedo traitéesehgasefper LK ARRL 67 Pﬁeansﬁﬁé@?ﬁtﬁnsg?ﬁ yie
predeter@%ﬁﬁ%% ol ePRERALWIe olheeSUbsiy ate iha csthage gh8 isticel & %t%&%%hhy

gr ounded, plasma’is generatéd between the substrate stage 18 and
t he uppehedlieotr edel 13 trelgem,hivgly foeequisiecly twowée sies caspisi-edubtheie,

| eetrode 13, ,The subsinale 9 whiahJs el d b
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area, an@r@%@ﬂ% %1&bthQ®nm@&%babmweﬂhdI@xﬁﬂﬂﬂio&Sg@sSlllcon oxi de
film on its surface. A low tenperature p-Si film which undergoes a
| aser annealing process, is formed on the surface of the substrate

25 S A plural oAl Jidaas, favina e Heiht, ofa ahtide sawerdl; 4 ens of

nanoneters is forned ace of t |ow tenperature p-Si film
as | ow t enpematedr 6 rp-thie orystal Idheader THe f Them fobaarboa deeteeldo

i ncl a_controller 20 30 for exec tlng the fllntfornatlon process.
The ﬁgnt QL BE WS %& &cted 6 ts% & Gas s AP &St $RPEF and

gener at €% 12 ctGd al3 SN alh L FUEIRANG MG HeO Sl tgas S WP Hayes ehemd
17. The gas supply s&stentl? which is driven in response to the 7

cont r ol ﬁag—ﬁ?alotfftedfmt BecEHPEEFREE 20298d] BstBCLHeeh| Bw rafeT éPat her
g)c()l dati 8@;[ %%Lnrge 3l Vseftk;[sctzrte{t ¢ fd Qy ralie Oof HN& oy 9ot G- SidAange
npoun 0O a range o mes to one
substrate S to a predetermined temperature. The substrate
15 stage 18 is electrically grounded, and plasma is generated

between the substrate stage 18 and the upper electrode 13
when high frequency power is applied to the upper electrode
13. The substrate S, which is held on the substrate stage
18, receives film formation seeds generated in the plasmic

20 area, and grows a silicon insulative film, such as a silicon

oxide film, on its surface.

A low temperature p-Si film, which undergoes a laser
annealing process, is formed on the surface of the substrate
25 S. A plurality of ridges having a height of about several
tens of nanometers is formed on the surface of the low

temperature p-Si film as low temperature p-Si crystallizes.

The film formation device 10 includes a controller 20
30 for executing the film formation process. The contrecller 20
is connected to the gas supply system 17 and generates a
control signal corresponding to the gas supply system 17.

The gas supply system 17, which is driven in response to the



hundred ti mes when supplying organic silane conpound and 5 oxi dation
gas to the vacuum chanber 11. The filmformation device 10 oxidizes
nost of the carbon el enents contained in the organic silane conpound
in the plasm c area and discharges the carbon elenents fromthe
plasm c area. 10 The controller 20 is connected to the exhaust system

12 and gepneratesianeantfem $hanalongeinaspondingdyesthe texhdustky rate
system 12. The exhaust system 12, which is driven in_ response to the
control sifgitale Prdsetienc @msr deletiye, toadingstd ovhe e dultésin the
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suppl i es the m xtur ares m f ormati on device 10
reduces heoldricsi ansmdzetaeen suagilydlnge orpgement i lsmeprespesinek eessi ve
aggl oneration of radical conponents, and densifies, the, fil uality
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the heat g.48a and o:genelal edst Gt SirdRl QRM@TRORGNAG ihed e
heater 18a. The heater 18a, which is driven in response to the

control tiegralgairiomstilencomampiduerd 20 &g wEsmise ar&fpenat ure of
25 the supstrate S to ar f t 0 t rate Sis
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rate stage | ows
formati on device 10 to decrease the defect concentration in the film

and inprove the film characterjistics of the silicon insulative filin

30 Thé cont r dhercor il nmt tied 19 HE et Stppislait SYH-Shd
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14. The power supply unit(ﬁ4, mhic%ﬁ?i driveﬁﬂﬁh gﬁiesponse to the

control sivptain fiZom The eshensk| syszem agd which is driven in

response to the control signal from the controller 20,
adjusts the pressure in the vacuum chamber 11 to 80 Pa to
15 300 Pa when the gas supply system 17 supplies the gas
mixture. As a result, the film formation device 10 reduces
collisions between radical components, suppresses excessive
agglomeration of radical components, and densifies the film
gquality of the silicon insulative film.
20
The controller 20 is connected to the heater 18z and
generates a control signal corresponding to the heater 18a.
The heater 18a, which is driven in response to the control

signal from the controller 20, adjusts the temperature of

25 the substrate S to a range of 250°C to 430°C when the
substrate S is arranged on the substrate stage 18. This
allows for the film formation device 10 to decrease the
defect concentration in the film and improve the f£ilm
characteristics of the silicon insulative film.

30

The controller 20 is connected to the power supply unit
14 and generates a control signal corresponding to the power

supply unit 14. The power supply unit 14, which is driven in



applies to the upper electrode 13 pul sed high frequency power having
a power density of 0.1 Wcn2 to 1.0 WcnR. In this case, the power
supply unit 14 generates the pulsed 5 high frequency power having a
frequency of 5 kHz to 50 kHz at a predeterm ned duty ratio. In the
present enbodi nent, the duty ratio of the pulsed high frequency

power outpul,ohis@Miihe HROWRL tSURPIY geRilt £k4ml @ hduidong raatieal 20,1 rind
formation iS referred to as a target duty ratio. The duty ratio in
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coating rate of the silicon insulative film that is, the surface
coating rate of when the silicon insulative filmsubstantially

evenly coats ea ridge in the surface t £ -l
filmand the_ISI ﬁir}keorPi nsseu%atel%eo%gn%nlcﬁ m huenccplﬁc?}n?ga%lé;pog%?geﬁg DiPrda
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is referred to as a target coating rate. The silicon insulative film

servifg &nime gatarado finguIfanmad 90 k&t &P &feif fGa5ASt duty

thi ckness. throughgut 4,the -eRtbr ensurtageabntherbow: heppenat ur ¢apus
filmto reduce variations in the threshold voltage and the | eakage

current . deurermemed Herogi IthcomN e iatd Vel fdd misehvigly faeaqusnay power
and the OFF period T2 of the high frequency power through
T1/(T1+T2) X100.
15
The controller 20 drives the power supply unit 14 and
applies the high frequency power, which is obtained from the
target duty ratio, to the upper electrode 13 to form the
desired silicon insulative film on the surface of the low
20 temperature p-Si film. In the present embodiment, the
surface coating rate of the silicon insulative film, that
is, the surface coating rate of when the silicon insulative
film substantially evenly coats each ridge in the surface of
the low temperature p-Si film and the silicon insulative
25 film functions as a gate insulative film that is in
accordance with the desired design rule is referred to as a

target coating rate.

The silicon insulative film serving as the gate
30 insulative film must have an even film thickness throughout
the entire surface of the low temperature p-Si film to
reduce variations in the threshold voltage and the leakage

current. Further, the silicon insulative film serving as the



gate insulative filmnust have a | ower concentration of inpure

el ements such as carbon, hydrogen, and oxygen that are contained in
the filmto suppress variations in the threshold voltage. 5 The
target duty ratio of the present enbodinent is set wth the |argest
duty ratio with which the surface coating rate of the silicon

i nsul atiygtdilmueetsveheilargest charéng loate. cdfcdariauson ypes of

ions and various_types of radicals are %enerated in. the glasgic ar ea
of the vHERWR® CRAFPERCI1SWRRBNASt FRTPPPm FBIRAIFDBN WRTi 848" bFAE t he

silicon ipsulatiye,ofi by cfbestifespasughrtbe vadiselsnbsiseygeal
mlliseconds 15 to several tens of mlliseconds, whereas the |ifespan

of the tnsshsldevetthyai croseconds to several tens of

m crqseconds. Thus, during the OFF period T2 of the high frequency

power, the ions disappear or drastically decrease and the radicals

become dom ngnt kArtbe tidkg kataat b@nthAspaed@ntesmbbdimenthésOBEL

period of the high frequenc¥ypomer, the radicals rom/filn1f0£nation
0

, . . g
seeds havihly Bhghlerorart JutyoFatéRanpre, “BEFJorefsSBFTERE GPghni'e
stlicon 98€8089¢§h8rg%?ibBEOihgeiﬁthb%oﬁihﬂsﬂbétévehélEakgéedcbseing
silicon insulative iIfmgrows on the ridges in the substrate surface
W th a 2bah&égh surface coating rate. In the ON period Ti of the high
frequency power, the filmformation seeds grow with a high plasm
den 'Qy into the silicon insulative film and an electrically

sati sfact oryvairkice@n thhew atfi Yenki amdhavirmgusottlyyea sifalladdmaust aak
inpurities grows on the ridges of the 30 substrate surface. ¥heg
decr easi ggnekatadt ynr hPoPARSTHE RFGR Pleglign¥pcuum chamber 1l when

the film formation device 10 forms the silicon insulative
film. The lifespan of the radicals is several miiliseconds

15 +o several tens of milliseconds, whereas the lifespan of the
ions is several microseconds to several tens of
microseconds. Thus, during the OFF period T2 of the high
frequency power, the ions disappear or drastically decrease
and the radicals become dominant in the film formation. As a

20 reéult, in the OFF period of the high frequency power, the
radicals grow film formation seeds having high fluidity, for
example, oligomers of the organic silicen compounds grow
into the silicon insulative film, and the silicon insulative
film grows on the ridges in the substrate surface with a

25 high surface coating rate. In the ON period Tl of the high
frequency power, the film formation seeds grow with a high
plasma density into the silicon insulative film, and an
electrically satisfactory silicon insulative film having
only a small amount of impurities grows on the ridges of the

30 substrate surface.

When decreasing the duty ratio of the high frequency

power, the OFF period T2 becomes long. This increases the
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power, the OFF period T2 becones long. This increases the 10 surface
coating rate of the silicon insulative film However, the content of
i npure el enents such as carbon and hydrogen contained in the organic
silicon conpound tends to easily increase. Wien the duty ratio of
the high frequency 5 power is sinply decreased to increase the

surface goatrbrg chatenef rthe sifl keensinsubat iveullbkiwet félfl at band
voltage of the silicon insulative filmshifts drastically. In th
range i nHRHEERTY hENSUFPREENE0RE AFPHEEe SOPMERES FBC8i PPcGRTPREUPAL ve

filmnee ar Qak 09 Lake ok8hnikhe i fibanl corpblan dexisetdo,
t he targé?dégggkrggﬁga?s t he valugr?ﬁgﬁ nnétlshorteﬁg t he OFF period
T2 of theabigl itwegasrcy Poeerthéndothneratbedst the hiaglyefrewuggncy

tio_for the.filmfarmation device 10, which is taken f he fil
151 0F maPROR CORLTBNY GFCRE G Fon TCHEdrR V8 FErReoSatrery fo

I've m sati1s

the targetteoatri RGer atigicoausesulibe iGN Fernmod the foktt banbi ghltage
frequency power to be the longest. Thus, the filmformation device
10 can mafi ihge sihd campdmeudr tpoked 1 18uShIitéd CF25hd CPadti on system
while sufficiently coating 20 each ridge in the surface of the | ow
tenperature p-Si film with the silicon insulative film As a result,
the film formmtiren megeenlOvHindr ddse s urfe urdaedd repataiteg afattdie

whi l e suppressing deteriorati.on of the electrical characteristics
of the siS|15&8ﬁni &g‘m‘ﬁﬂt\}é’er %Hf“ 55k Srrgthﬁo 2GET SPRTG % KE TSI Fi°don
i nsul ati v ¢f ifimMMAdImattherf idapifer mat,i ehcdeviree t1@utyl lranqw be the
described. First, the controller 20 drives the exhaust system 12 to
depr essurisdaet fdathmesitosher teme FacuRicpeed £ ©f &hsohigh

predeter%E%%%e%% S%%% 1uTh?H’oEH8rCQBE59L|%ﬁe2QaE8@gsdEE9 ratio for
the film formation device 10, which is taken from the film
15 formation conditions of the silicon insulative film
satisfying the target coating rate, causes the ON period Tl
of the high frequency power to be the longest. Thus, the
film formation device 10 can maximize the amount of power
supplied to the reaction system while sufficiently coating
20 each ridge in the surface of the low temperature p-Si film
with the silicon insulative film. As a result, the film
formation device 10 increases the surface coating rate while
suppressing deterioration of the electrical characteristics
of the silicon insulative film.
25
A method for forming the silicon insulative film with
the film formation device 10 will now be described. First,
the controller 20 drives the exhaust system 12 to
depressurize the interior of the vacuum chamber 11 to a
30 predetermined pressure. Then, the controller 20 loads the
substrate S into the vacuum chamber 11 from outside the film
formaticon device 10 and arranges the substrate S on the

substrate stage 18.
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substrate S into the vacuum chanber 11 fromoutside the film
formati on device 10 and arranges the substrate S on the substrate
stage 18. 11 After arranging the substrate S on the substrate stage
18, the controller 20 drives the heater 18a to raise the tenperature
of the substrate Sto a predeterm ned 5 tenperature. Wen the
tenperature of the substrate S rises to the predeterm ned

tenperature, the controller 20 drives the gas suppl§ s%sten117 to
suppl y the gAStRIrxEEFrENIEsat DR SYPEhE6FgENPE SNPafd EERAGENT t2AT

the oxidagi opngag, E%gT159629a3r§999|¥h§hﬁ@Q@érl§§a'BBOrBB§e'BB§r'Or
of the 1 vacuun1cﬁ 11 and adjusts the interior of the vacuum

chanber témperatpredeferhienedbptessaré {80aPrrede8eomPapd After the

gas xture is i to the interior of the vacuum . he
contr ||E?m§6rafP§§s RS oy %%mﬁﬁ§@tﬂ.eun?ttq% To apﬁ%g?S%eE%Eﬁ% d
high freguengy pewaetkemihed éppperekaet;odacldonPrefieeablby, drhees
controller 20 drives the high frequency_power supply 15 to generate
a hi gh f EBgueney Supphr S§FLEBr 1dxARpFEPP2Y. hevegs §ﬁHtHFFves t he

swi tchin onQQ%ﬁEnﬁUQBéyolg cpgkigngh%og 80infr gAHeRaY Bgﬂﬁétﬁﬁﬁn?ége

20 hi gh frequéncy power S SO as to satisfy the target
ratio atftbm,thqueecyupplyfohambampﬂéa SnkHz the 30tekkizr ¢ﬁethe

controller 20 th S e uIs fre uenc he
Car el diesorE: FBSFPBm e 2BOneR U aaiply APt 2T S0 Ene dpsap U
el ectrodenddpess>1hen bhgr@@b%@@mhhga bregeamrey BQW@E it® appIPad to
the upper electrode 13, the upper electrode 13 functions as a

cathode and the substrate stage 18 functions as an anode. Further,

plasma is ger}&rt%t ec{h%etgyéese@nf}&%ﬂéoﬁesr s‘?Jp%cit 008 13 he interior of the

vacuum chamber 11, the controller 20 drives the power supply
15 unit 14 to apply the pulsed high frequency power to the
upper electrode 13. Preferably, the controller 20 drives the
high fregquency power supply 15 to generate a high frequency
power of for example, 27.12 MHz, and drives the switching
power supply 16 to pulse the high frequency power from the
20 high frequency power supply 15 so as to satisfy the target
duty ratio at the frequency of, for example, 5 kHz to 50
kHz. The controller 20 then applies the pulsed high
frequency power of the target duty ratio from the power
supply unit 14 to the upper electrode 13.
25
When the pulsed high frequency power is applied to the
upper electrode 13, the upper electrode 13 functions as a
cathode and the substrate stage 18 functicns as an anode.
Further, plasma is generated between the upper electrode 13
30 and the substrate S using the gas mixture containing the

organic silane compound and the oxidation gas.

In the OFF period T2 of the high frequency power, the
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30 and the substrate S using the gas m xture containing the organic
sil ane conmpound and the oxidation gas. In the OFF period T2 of the

hi gh frequency power, the 12 filmformation seeds havi ng high
fluidity growinto the silicon insulative film and the silicon
insulative film grows with a high surface coating rate on the ridges

in the synhagerphrtibe subslkr abeify haghhe1Ghdperi qdoti iekot haehi gh 5
frequency power, the filmformation reaction under hi gh pl asma
density advaressinghdaszavel &dtmcardy togt pdLacesr yns§ilptdgs film
insulative film.wt .sal n L IPYLL-Li 85 +§LOWS 48Rt he th

ri dges iﬁ%f)&qés g‘t}r alc%e%c:)L ﬁ?ﬁgrgt%g%t %gt%félsgplg In this case% isn the ©
film for patifaremetthatieobublae rafeesSent ITenbodi GEnperaogl Tk abft yhefhigh

substrates S havin ridges in.their surfaces are .prepared, .and film
formati ot eﬂP@@&é’s%ﬁé’\?irmg tE’ief fl}étnlghtf oFUEY 1At i*68 € rlgmpnﬁ21 T RéLrg:AI y

per f or med1QRrgAGRNM thha Rlawcls, t knef asukIkitresa31yThatls rautbage
coating rate of the silicon insulative filmis neasured for each of
t he pl ur @liltyosf iswhdertdies £91lmmd thhe sigdde 38U e ofutyPPiEtitd ethat

satisfies the tar %E{ey%gr%t%e%g i A2 1%, 00R Red.hEhe JRkgest duty

ratio w tHi %t he I'0 Tange that satisfies the target coating
rate is set as 20 the target duty ratio during actual filmformation.
Thus, the ON period Ti of the high frequency power b et to be
the i%ngest i tHe § i93A% orfatiitn Corfi 49 tlcﬁé‘te?q@/%ofht Silicon
insul ati vg fddip anhbosatdesfd s ther2d ittdr 48t £ealdME Jalehahendy
result, the maxi mum anount of "power may be supplied to the reaction
syst em whilldgesbtiai dibeg r tshir fiearegeta oo attiang hest-e st St iTET@RUIPT
coating each ridge_.in tc{1 urface, of t | wtqu atsule PS5y, film
wi th t he PXI995C0on G s aliefvf(':;erfelnl%md isﬁ?cr%é%eéases tg‘{?e ‘Surtace “coat i ng
performed on each of the plurality of substrates S. The
i5 surface coating rate of the silicon insulative film is
measured for each of the plurality of substrates S, and the
range of the duty ratio that satisfies the target coating
rate is obtained. The largest duty ratio within the duty
ratio range that satisfies the target coating rate is set as

20 the target duty ratio during actual film formation.

Thus, the ON period Tl of the high fregquency power may
be set to be the longest in the film formation conditions
that forms the silicon insulative film and satisfies the

25 target coating rate. As a result, the maximum amount of
power may be supplied to the reaction system while obtaining
the target coating rate for sufficiently coating each ridge
in the surface of the low temperature p-Si film with the
silicon insulative film. This increases the surface coating

30 rate while suppressing deterioration of the electrical

characteristics of the silicon insulative film.

[Examples]

13



30 rate while suppressing deterioration of the electrical
characteristics of the silicon insulative film [Exanples] 13 A

nmet hod for setting the target duty ratio will now be discussed using
exanples. First, a MOS structure diode was forned using a silicon
oxide film which was obtained from5 the filmformation conditions
shown bel ow, as the gate insulative film The CV curve of the diode
was neasured to obtain the flat band voltage for the example. The
silicon oxi denkithmdolfcai med tiimgmtiiee tiiriget! et irel iComdiltli 698 R&s
formed on.a du attern P. The thickpess_of~th il i
filmfor ﬁ’éac&%ﬁ%eegﬁag %anpl‘-fe St’hekﬁﬂm %gbg?éér%t%ﬁé%gggd%%%%d‘g%s a
side fil mothibeknessagTs asndithe bRidknesdmof whibe sibki cbnadxkde firblm F
formed on the upper surface wall of the du attern gvvas defi ned

as the upper TEimmiekekAess CORAifd Ogst §f“ﬁwpgg}é§5?’f'a@§ &85t FAGSrat e
((side fiiklggtelgitg!s:a%ﬁﬂé Tehupper chiiba & hi ckpegsode) w X 0A% sofga€h
|

silicon oXx m Referring to Fig. 2, a line pattern of which
wi dt h W ebthenghheHfwas @atdmvel@a@emfand thet exdinpdei-n Bhe 8i+eedPhon

di tion, dicul ar. to th I f. _draw : Fi g..:2): d
b the O pATLE ABCIBT AT & ooARd VGLr G BRa ERE Err gt

coating Fakfeldn ont Be dexaRPie takensrownThe Fhgskndds 3B, thadsTabtenl.
The circles in table 1 indicates that the flat band vol taa\gFe e.g.,
absol Ut e cwdlgef iile Swamesr othdmeo s i6§udie Lo ofhéhes WEFYe PAFSISERYE, or

that the,surtace eating LAty Meks dhexrlacoel GOl kg dlieknbie of

rS
crosses inta ndi cate that the flat band voltage is greater
t han t he thar getl ivoit agadeorfilihat foreiesiuohadé ec o@ieng suatfe cdoed ldoof
et thet%%r %%my pattern P was defined as the upper film thickness

Tt to obtain the surface coating rate ((side film thickness
15 Ts/upper film thickness Tt) X100%) of each silicon oxide
film. Referring to Fig. 2, a line pattern of which width W x

height H was 0.4 pm x 0.6 pm and extending in one direction
{direction perpendicular.to the plane of drawing of Fig. 2)
was used as the dummy pattern P.
20
The flat band voltage and the surface coating rate in
the example are shown in Figs. 3A, 3B, and Table 1. The
circles in table 1 indicates that the flat band voltage
(e.g., absolute value) is smaller than or equal to the
25 target voltage, or that the surface coating rate meets the
target coating rate. The crosses in table 1 indicate that
the flat band voltage is greater than the target voltage, or
that the surface coating rate does not meet the target
coating rate.
30 freguency of high-frequency power: 27.12 MHz
ON period Tl + OFF period T2: 100 microseconds
duty ratio: 30%, 50%, 70%, 100%
power density: 0.5 W/cm?

14



coating rate. 30 frequency of high-frequency power: 27.12 MHz ON
period Ti + OFF period T2: 100 m croseconds duty ratio: 30% 50%
70% 100% power density: 0.5 WcecnR2 14 filmformation pressure: 190 Pa
filmformation tenperature: 340C TECS flow rate/02 flow rate: 1/50

5 [Table 1] Duty Ratio (%9 30 50 70 100 Flat Band Voltage (V) x 00
0 Surface Cq@ttlyﬁngolg@gae:iq)% Rl pe:l ndd @a 3A, the flat band voltage
is about -18 V and |large when the duty ratio is 30% and the flat
t;g(r)}d voldt agg £i16h iferalzadton 2¥nmeed agmedd: WHEACt he duty ratio is 50%

9 and 100% In other words, with the filmformation conditions of
the exanpl e, TECS £ 1g¥pdidny Ehitoy Eatest4€eBry silicon oxide film
with l'esser inpurities and defects is obtained as the duty ratio
i ncreases (as the ON period Ti beconmes 15 longer). In Fig. 3B, the
Zurfa'i:e d@abilegliate is | ow or small er t han or equal to 60% when the

uty r at-+6—+s +0%—100% att—thesurface—<o II € eds 709
when the duty ratio is 20 30% 50% In one e;‘%nﬁ‘r’,eéﬂ?he fr(éz;)'r:]‘ge of duty
ratios fhat satisfies the target [coatiigng rlatesns 30% t 20509 whearo @ he
target coating rate is.70% in whilch case, lthe paximimvaluel in the
rel evant rgﬁgé B@nsloﬁlﬁlzgglef (Mhe tiarget dutly ralio ijs sét to|50%°

that is, éurfégé CﬁafﬁngLﬁbte de the—OFF geri ot arg-eacit set to 50

In Fig. 3A, the flat band voltage is about -18 V and
large when the duty ratio is 30%, and the flat band voltage
10 is about -2V and small when the duty ratio is 50%, 70%, and
100%. In other words, with the film formation conditions of
the example, it is apparent that a satisfactory silicon
oxide film with lesser impurities and defects is obtained as
the duty ratio increases (as the ON period Tl becomes

15 longer}.

In Fig. 3B, the surface coating rate is low or smaller
than or equal to 60% when the duty ratio is 70%, 100%, and
the surface coating rate exceeds 70% when the duty ratio is

20 30%, 50%. In one example, the range of duty ratios that
satisfies the target coating rate is 30% to 50% when the
target coating rate is 70%, in which case, the maximum value

in the relevant range is 50%.

25 If the target duty ratio is set to 50%, that is, if the
ON period T1 and the OFF period are each set to 50
microseconds, a silicon oxide film satisfying the target
coating property and having a flat band voltage close to 0V

is obtained.
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m croseconds, a silicon oxide filmsatisfying the target coating
property and having a flat band voltage close to O V is obtained. 15
The filmformation nmethod of the enbodi nent has the advantages
described below. 5 (1) The range of the duty ratio in which the
surface coating rate of the silicon insulative filmneets the target
coating rate is obtained in advance, and the |largest value in the
range is set as the target duty ratio of the pulse wave. 10

Accor di ngly, The tfidnr diegenatn oghimshdse ofurthec embostinggt f@tse tinget s

t he target, val ue, %f CFFbpﬁr'% OEZ of the high frequency power is
set to t REVERGAEESt FPTE 1°R9d Ph€"oN period Ti of the high frequency
power is set to the longest 15 tinme. As a result, the ON period Ti of
t he high frequen power maxim zes the anount of pomer to the

react? on syst(elrh y%rqaéqﬁ%é’faflbepéjﬂtdﬂ PRI heMRih e frEHTEF Sower
realizes ..a.§uy g%t L3t iRG r%ﬁ%c&%@ﬁn Qt%1%%6fEQ%Q%Ee%%aEh%gt%%@%t

Thi s suppresse erioration in the electrical 20 characteristics
(|ncreasesathagfkamebamdaﬁmahmpd nntmévaﬂda,c@mdrm§@léﬁmmesﬁ|WWﬂ@ﬁd

i ncreases the surface coatrn Furthe t he . gat ul at i-ve
filmis thi ri'rﬁ‘gd TangE fife 5§ %@t ri cealtagr?éer aé:{ i &6 tgs of t?\le 1% e
i nprovedyad® .(2) Preferably, the frequency of the high frequency
power is 27.12 MHz, and the ON period Ti and OFF period T2 are each
50 nt€roseconds. Preferably, the pressure of the vacuum chamber 11

when formi ng tggeolfdllﬂg s l%-? a}%%é) 78 o W%&%Uﬁ%é %a%vf?g’

density at the upper ectro is 0.1 cn2 to
rate meets the target value, the OFF period T2 of the hlgh

frequency power is set to the shortest time, and the ON
period Tl of the high frequency power is set to the longest

15 time. As a result, the ON period Tl of the high frequency
power maximizes the amount of power to the reaction system,
while the OFF period T2 of the high frequency power realizes
a surface coating rate that meets the target coating rate.
This suppresses deterioration in the electrical

20 characteristics (increases the flat band shift) in the
silicon insulative film and increases the surface coating
rate. Further, the gate insulative film is thinned, and the

electrical characteristics of the TFT are improved.

25 (2} Preferably, the frequency of the high frequency
power is 27.12 MHz, and the ON period Tl and OFF period T2
are each 50 microseconds. Preferably, the pressure of the
vacuum chamber 11 when forming the film is preferably 80 Pa
to 300 Pa, and the power density at the upper electrode 13

30 is 0.1 W/cm® to 1.0 W/cm®.

This ensures standardization of the dependency of the

duty ratio on the surface coating‘rate and the dependency of
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Thi s ensures standardi zati on of the dependency of the duty ratio on
the surface coating rate and the dependency of 16 the duty ratio on
the flat band voltage. In other words, a decrease in the duty ratio
of the high frequency power small ensures an increase in the surface
coating rate of the silicon insulative film An increase in the duty

ratio of cpa L Ni-gh;bf eQUEREY :RAMCh GRS YLes LhAl theothat bands, a

vol t age e“silicon insulative filmis closer to 0 V.
suppr essegcaeter anatthen doft vt e teleetfr ithal hdlylr dceauesciycyowst shall
silicon insulative filmand ensuyres th%t t he s%ﬁfac%at%o%%i@%erate is

i ncr ease§SHE SPhE ddty SPACo 10 e SHUIEET KiCGh fPegiéncy power i s

not |inmgtieddog tikgulargest fduky raki onthabssathsthesdube targetof
coating rate of the silicon insulative film In one _exanple, when
the rangéhef higty freduencaP ot SFised eshe hedr §&e 15 3tobeRAy VP& 967
the sili hnsul.at:i filamqis 13Q%:4:6,,00% ~12Rd L he parRge of s duty
ratio th§%n§€%h%§ﬁ%§¥i énﬁﬁgﬁ%ﬁi%d ngtagg of the silicon iﬁsuyative
filmwithiupoaeprsetedertrimedatdlodnagd rtarge leetg.ical? cilatre o eV sitg c40%

to 50% the duty ratio.of the .pulsed high frequency.p . _ma be
set withiof &% glél&P%d%st“é e 518 ATNSSTSRIR a?%m%&erra%rc%%e
nmet hod fgbggyﬂglﬂéﬁgfygiﬂﬂy}édggajuive filmon a substrate arranged
in a vacuum chanber, 5 the nmethod conprising: supplying the vacuum

chanbeér with a gas mixture containing an organic silane conpound and

an oxi dation gas: generatd ng a ulSec i i Jif CAURNRMRPWRIAL is not
limited to the largest duty ratio that satisfies the target
coating rate of the silicon insulative film. In one example,
when the range of duty ratio that satisfies the target

15 coating rate of the silicon insulative film is 30% to 505%,

and the range of duty ratio that maintains the flat band
voltage of the silicon insulative film within a
predetermined voltage range (e.g., -2 V to 0 V) is 40% to
50%, the duty ratio of the pulsed high frequency power may

20 be set within a range of 40% to 50%.
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intermttently supply a high frequency power; and 10 form ng the
silicon insulative filmon the substrate by plasmatizing the gas

m xture with the pul sed high frequency power; wherein said
generating a pul sed high frequency power includes generating the
pul sed high frequency power with the 15 largest duty ratio that
satisfieg;a &sgget val ue of a surface coating rate of the silicon

i nsul ative %I m 2. Afilmformation nethod for formng a silicon
insulative filmon a substrate arranged in a vacuum chanber, 20 the

rothod corbr sing; syoplovi g e vaGUUR chartier i th 2 9as dtixt ur e

.. [®)
cont ai ni ng an-or nd "and "an “oxi dat’i on

gener ati pgsalpulsedrhighohr equepsyrpoveartanyatieim &t eatliymsapphpea,
hi gh frequency power; and 25 formng the silicon insulative filmon
t he substhat @eppodpraBRatF2ifg the gas mixture with the pul sed high

frequency  PRWRLA M ShD 93 ACRRERLDO.ACRULS g hindh cLieduency

power inclu ating the pulsed high frequency power with a 30
duty ratconthahinmgi ahabmgzaaitl at.lbardcenbbagd efidt he skiflegpaon gas:

insulative filmwithin a predeterm ned voltage range d satisfies a
t ar get vaIue98Pe§a§&Pﬁa@e%Eggﬁﬁnélﬁgt%rgﬁuFﬁ Y ?PIiEo%%insulative

film 18;3¢cFhetkhmmiosupbignamet bad raegaedcRgpbacel;abmil or 2,
further conprising: prelimnarily perfonnln%la filmformation process
of tHe 5 si fiogevitiondieatsiivié coimn g la L &ILiFy o8F SoahbStPEES b Par
to actual,f ﬁgﬁgﬁgg Okhghga%!hﬁ ?ﬂr%n%ﬂkﬂtkﬁg bl BeqWhgEgi Bredhdncy
prellnlngrl y per o?nlng i'mformation

power;

wherein said generating a pulsed high frequency power
includes generating the pulsed high frequency power with the
15 largest duty ratio that satisfies a target value of a

surface coating rate of the silicon insulative film.

2. A film formation method for forming a silicon
insulative film on a substrate arranged in a vacuum chamber,
20 the method comprising:
supplying the vacuum chamber with a gas mixture
containing an organic silane compound and an oxidation gas:
generating a pulsed high frequency power to
intermittently supply & high frequency power; and
25 forming the silicon insulative film on the substrate by
plasmatizing the gas mixture with the pulsed high frequency
power;
wherein said generating a pulsed high frequency power
includes generating the pulsed high frequency power with a
30 duty ratio that maintains a flat band voltage of the silicon
insulative film within a predetermined voltage range and
satisfies a target value of a surface coating rate of the

silicon insulative £ilm.

18



process of the silicon insulative filmincludes formng the silicon
insulative filmon each of the plurality of 10 substrates with pul sed
hi gh frequency power having different duty ratios, and determning a
range of a duty ratio that satisfies the target value of the surface
coating rate from the surface coating rate of the silicon insulative
film formed on each substrate. 15 4. The filmformation nethod
according to claim1 or 2, wherein the high frequency power has a
;Beqyency of3§7.ﬂme NHZm drdrert 10N pertihod! &g candl LORF teerciled Marle ogaeh
m crosec s 20.in _a _single cycle of the pulsed high frequenc
power . 5§ufﬁ °fi FM"PoFfafPon met hod accordingpto cIain?4, mﬂerei%
pressure of ihie1vaguamighamertowhend ar fing themasiioncprocessl atfi vee
filmis 80 Pa to 300 Pa; and 25 the power densit% of the %ulsed,high
frequencyipémen igsudativechplioon § WEFpilly of substrates prior

to actual formation of the silicon insulative film;
wherein said preliminarily performing a film formation
process of the silicon insulative film includes forming the
silicon insulative film on each of the plurality of
10 substrates with pulsed high freguency power having different
duty ratios, and determining a range of a duty ratio that
satisfies the target value of the surface coating rate from
the surface coating rate of the silicon insulative film
formed on each substrate.
15
4. The film formation method according to claim 1 or 2,
wherein the high frequency power has a frequency of 27.12
MHz; and
an ON period and an OFF periocd are each 50 microseconds

20 1in a single cycle of the pulsed high frequency power.

5. The film formation method according to claim 4,
wherein pressure of the vacuum chamber when forming the
silicon insulative film is 80 Pa to 300 Pa; and

25 the power density of the pulsed high frequency power is
0.1 W/cm® to 1.0 W/cm®.
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