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Abstract—Remote plasma chemical vapor deposition(RPCVD) was used for the deposition of silicon oxide film
and the effect of the operating variables, such as plasma power, deposition temperature, and the partial pressure
of the reactants was investigated. The deposition rate was dependent on the plasma power rather than on the deposition
temperature. With the plasma power increased, the deposition rate and the incorporation of the hydrogen related
bonding were increased, which degraded the film properties. The increase of the deposition temperature reduced
the film porosity . The increase of the partial pressure of reactants led to the powder formation from the gas phase
reaction which lowered the film growth rate but increased film porosity and surface roughness were significantly
increased. Si-rich film was deposited wher. N,O/SiH, ratio was smaller than 4 and the stoichiometry of silicon oxide
film did not vary from O/Si=19 with N;O/SiH, ratio greater than 4.
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Fig. 1. Schematic diagram of the experimental apparatus for RPCVD.

F2 AHeE 3 glck Zepzet Alsbube oalEbEabyiel ofs) 4)
23 Absiabs) wlawsted Abshate] AR w ) ghol dubH o g wt
Well Ae]Zoe] Born] Fav) wol £§ATH7-10].

# Aol e dubEal 43 A3ty Zep=o) s1etE st Oy-E
MR A Eelze} st ay]g o) &aleiri{11]. ¥AY &
gz} 3tEAy e 7lgbo] Zelmul FAA)A gl x| slH,
E]]EE U IIAE Ao 2 of7|AA ks A E =31
7HEE shHg]Rlel ot whEARS R - gl Hhge)d{12].
HA8 E2hze gebsape e A7 Ae whgrlA, 32 9
M7)dghe] Zap=pl x9§ FHste] ofrEs] Zelivt 3
AHod g w7l A9} =] 7| HE o2 Tt o] E2
Zetzuprh ge A AAZ 7d" s el ubul 2o
s "ok 2 Adgedde NOE ZEetzeutiz 714712 4}
Ay W ol2 22 3FE FUYAA ol & ubgel ofs 4
3ehg Fatsiglch

[N20]*+SIH4+AF“)S102+ {Hz, N,, HZO} (1)
[ I*:=ebze} of7), [ }:ubeyabs

o}z & #3huks W2 e LE w7 Al7E Eepavl Yol 7] H =
direct PECVD(plasma enhanced CVD)$} t}Er} olsejzre ubg-
2o Aoz SiH9 ¥ g AgAsted £425 T3 Si-H, Si-
OH, Si-NHse} & 248 E£48 4od 5 2ok dpdeog v}
A FAL w7 7L 7| @7k T Sk, 7] TRl 4] 2]
spahube4 s, | a dhgAbEe] g we os Ao 13].
B AFdAe 8% TS Eohzel Ay, 2R, 74
ot 2 249 odsks yastaxt dglch

2. AEEx % u

2 ATelA <185 YA Zabzet et A s
Fig. 1ol vlehAlch Absbet 239 ub-3-7) 4= SiH,(99.99%), N.O
(99.9995%)-% AH&-3k3) o™ Ar(99.9995%) -&8b7| A5 A1-&3h3]
o} w3 71Al F AbaY el N,Oubg Sef=op o7)xjHgal dodag
E3led HbS712 s9labednh Bubgg Aslr] #ske] SiHes
Arg S|4 R slo] galgl S £3be] Zepznl wlerixdor

B2t M34A X235 1996 43

o] 41

zqiatgich et zulA ) g4kl ole) Aol 10emE #2384
T gt o 28 @tz Aele 10ecmE F3 5k ukg
7] cold wall¥h-§-7]e]w 7]de] 7ldubA]e @l 2 o] gict A&
719 £x5A2 k¥ GHNE o) 43k eH, PIDY 2xA|¢
712 #BEe) FFEE AU A Alosiich F3d gy
6212 A EZE 2X10°°*Torr2 f#3heiz, HREA]oll&= 1700/
/min P25 Zelg] Yol Argwirldle FaxHE 400
mTorrg AH3}A F28tedch wh-g71eb 4]z abe]9] throt-
tle B2 A ~g zAsle] whgriAe] faodl &g w3
U S =y FA At uhehE-e HATE gk
kALl A sHAE o] &3t A3t 71zl 74 &Hikel
Abolofl M| %l quadrupole mass spectrometer(QMS) S o]&-&}o]
71433Es EA stk A Eetzet A= fFeATPo s
Heddlal Meddtell 2d& 7hotx 13.56 MHzeo] n7s} whalz]e}
W3] WEAE 58 EhzvlE 2ok

Ab3ter-g B 2(boron)o] =% p-type Azl E(8]A8} 10-20 Q-
cm) 7| #e FAE RCAHOE MG Fo ZFsidc). 3%
RCA®Y& (1) %71¥& #71& 48] H,SO,:H,0,=3:1 £ 10
H7b o 3487} go] &5 (18.3 MQ-cm) E 2l (2) =ped 4bs}qt
AL Slsl HF: H,0=1:7 @3 F 4587 go]252 2 (3)
M4 712 27 Fubg7) eqi e HAEE AR 73S jEE el
EQ1% ¥ 4] Ao Re HEse oS FUA7]7] 93k
150C 2 3087 AbA 7hd sbgich B o FollM 3w Sepzol
A2](15-200W), F34] 71ghe] 2% (25-350C) 2 ubg--149] &
2F8)(N,O : 1-36 scem, SiH, : 3-10 scem) o] gl e}

Abshat 22k 2 & A 9 (micro-balance : limit 10 °g) 7} 632.8
nm#}AH2] He-Ne laser ellipsometer& Al-&3le] who] FA9} =
AEE 23k o] F2 A 7157159 HES A3k Fourier

transform infrared spectroscopy(FT-IR, Perkin Elmer 1800)%

i

B

ALg-819] 11, X-ray photoelectron spectroscopy(XPS, Perkin Elmer
PHI 5400) & o} 83l wto] 3}etA g +x2 x4, transmis-
sion electron microscopy(TEM, JEOL 200CX) & 2tAiabA] w4
e JAke] Z7)e} g Al FE Absiete] 29 A
% 7]+ atomic force microscopy(AFM, DAFM-6300) & o] &3}ed
ZHslgdom 22w 4X4 um’E root mean square(RMS) gt
& Fale] AArE vlasgdch o] dFAdSs FAHE] 9134
HF$t&-891(BHF sol'n, HF : Hy=1:100)& ©] 83l A7§ 3
A& sk

3. dn o 1@

3-1. Beopxol Mo A

Zapzul Y Frle) W2 Fa4 5 o] ofEA4-L Fig 29 Arrhe-
nius ploto. 2 #-E] &3}k FaEr e 2EENE U T U
olflu ¢4 EARRE 92 XSl & A &Y
(25-350T) o] A 2t A ejwi sho]] whe} 1.2-3.2 keal/mol¥ §1-5 el
Ark ol AL SiH i N,OF Abgste] dofix|ol] ofs) Atsietg
Z3balele S A sl A7) 42-45 keal/mol 2 viehs 7o
vla u]$- e gto|cH14]. Fejzzulel &) ubgrlAl7 @443t
g AS gyt e g £x o&4Ao] gAY 258 2xrt &8
7R Fdel 4] #4138l adatomEo] EHAUA 7} & ZA A
E=g3l7] Aol 7)o g wiatse] a4 rrl o8 Pgasts ¥
Aol vpehd £ glS& ojn|gici{15]. Fel=ol MY oE W



QAel sebzol AetERe ol 88 A oAsHANe Az 145

Temperature C)

25
3 s
] 4150 -5
S ~
g L
3 8
§ 5
S N 3
5 N 55
&
Q
3 . . , , ,
1.0 1.5 2.0 2.5 3.0 3.5 4.0

1000/T (1/K)

Fig. 2. Arrhenius plot of deposition rate at various plasma power.
(a) 100W, (b) 50W and (c) 15W. The total pressure was fixed
at 400 mTorr and N,O/SiH./Ar=12/3/85
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Fig. 3. Gas phase mass spectra obtained by quadrupole mass spectro-
meter(QMS).
The ion source was 70 eV. Plasma power at (a) 15W, (b) 50W,
(c) 100W, at T,=200T, N,O/SiH,/Ar=10/3/87, and (d) T,=300
‘C, 50W, N,O/SiH,/Ar=10/3/87.
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Fig. 4. Deposition rate as a function of plasma power at various depo-
sition temperature.
(a) 350, (b) 200, (c) 100C, and (d) 25TC.
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Fig. 5. Etch rate and Si-O-Si stretching peak changes as a function
of deposition temperature.
(a) before annealing and (b) after annealing.
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Fig. 7. Transmission electron spectroscopy(TEM) of (a) powder form-
ed from gas phase reaction and (b) diffraction pattern.
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Fig. 8. Deposition rate as a function of SiH, flow rate at fixed N,O
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