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Abstract— The SiO, films were prepared by electron cyclotron resonance plasma chemical vapor deposition(ECRPCVD)
at low temperature as a function of substrate temperature, microwave power, pressure, and the ratio of SiH,/0, We ex-
amined the physical and chemical properties of the oxide films grown at the plasma parameters and deposition conditions
and compared the morphologies of the SiO, surface and Si/SiO, interface of the films. Also we discuss the effect of the
SiO, surface morphologies on electrical characteristics. The oxidation rate was found to increase with pressure and mi-
crowave power but decrease with substrate temperature. However, under experimental conditions with high deposition rate,
such as pressure over 6 mTorr and O,/SiH, flow rate ratio over 2: 1, it is showed that the oxide films have not MOS capac-
itance-voltage characteristics. High quality SiO, films with low surface roughness were obtained from growth condition
with low deposition rate. Roughness of the Si/SiO, interface depends on SiO, film surface and growth conditions, in-
fluenced electrical properties.

Key words : Electron Cyclotron Resonance, Chemical Vapor Deposition, Microwave Power

1. M =

Plasma-Enhanced) CVD, RPE(Remote Plasma-Enhanced) CVD % t}

A2 gstehe FelE2t- 3457 W) vk, 24 wEg
e, S48 #4 g Sl o] 4= 3 ok 2ol Alghute uke
A 2Ake) B Asted 9] £Ae] 2717} ool wpet
Aol 8F=7] w&ol Si/SiOAIHNA =] morphology S FAF
A7)0 e R 23 Artsl) 93 Aol AR ZrhElm
et o]9} ZHe A2)E Akshulhe A7) 1 interface trap density
(D)E €°17] 18t LPCVD(Low Pressure Chemical Vapor Deposi-
tion), Thermal CVD, GD(Glow Discharge), RFPE(Radio Frequency

374

FE Hhge] A7H I QIoH1-6). Yubg o o b3} ubyel] 23
FAE A 2E Atslr] 98 259 B4 AU gle
Aol fraubate) W) FA) Zhaska wbe A Aate] e
7b FRAFZAA UATFEZ Aol we} Aol FAutete Az
stetl 239 34, 2eE9) AR, ©9 2229 A4l 7luy
TS 02, Gl AT £ 59 FAZ B AT wn Yo}
(7-9]. =3 29e] vPL 7|9e] ¥9-2 ¢AHA)A MOS(Metal Ox-
ide Semiconductor)?] M7 4 B4& #5}A|7ic}. weba] Abs L
 WFIL, MOSS] 4714 54 M) 93 e ARl vt



ECRE2}=v1E o| 43 sistaae] o8 Azd A Asiete] 54 375

Wo) 7= 3 gict. ol2idt whele A} sl Eek=ot
A5}, Zel=elhslatEa, s 54 Fol 3o 3], 15 F=k=0t
o &3k Absh= =AY AA- 3 29 A FA Al SR FA o
Fol Abzhet Ao A FPsA o2 53] FE vk

o aks}e] A$- v EA R FASAF)7] H5l DevAE
ol g3}w 9lovt, ZTekZvkE o]4jto e Ao wh-S &
A3 5 gleng 7189 Qakstuc) uhgAdol ] WEE F
FWAA A LoilA] Alsher gAdo] foldlrt. Fehzvlel &7 Atshe
A Aba B ke ALE Eg2vl 7lAR AR AMdAE
Hhe 7pAg o] 43l ekl Abh Felzebibg o4k
ko] o3k wo] glon o] - 7}A] Atshiby-& Fehxvele] &%k
A4k B uke-3) Edolxle) stehake- vzl ZEe] Al okt 3
gz & ukg 7l 7)Aol Ak Eebzvlel o8] Eas o
¥heAo] Z & w: ok 2 349 Si-0, 07, O* Jejo} ¥} ==
0] &-50] Ale]E4o]® HHell EAshs EAle} At Alstao]
A= m 2 MOSe} MIM(Metal Insulator Metal)e] dedtel] 3-8
4= qlt}, Ab4 Zelzviubg o)g3te] Fabel 2|3l YAl s Alste
& Zepznl Wb 7hAadl Aba BRSO o8 ubgAe] o=
FAE AbA 0] £50] BL MAS 23 AE R AL
224 Si-SiAFS B3 AE UF-2 gilsie 4kaehe 438
7] W&ol MOS$] Alstute)] o] 4%}, o]e} o] Eep=ulE AL
g Algate AT A WS 2EEUS YE S VIR R
He] &ate] Ao v x4 Aol Alstw 58 H$AY 5 o=
#HAre] g & sho]t}10]. ¢] ¥ ECR(Electron Cyclotron Reso-
nance)Z2}2rte 22 YA E Zhe whAdo] & o] 255 FAA
7 4 glenz ur e x| 4kst FAE 4% + 5L, A
oF Aol ol 23 WHL EY 4 givt. =3 ECRE=I=w
A1g-& PECVDHME o 2 Abshal-e A8 74 AT o & F2k=
ulo]| 2]3] o] AE| R WhE £ gle 34 29 WAE 4 9l
o2 B¢E ko) A AUt wpuhg JAF S 9le Aol
qlcH11,12].

meha] £ Ao E MOSe MIM| o] 85 Abshets FAlol
3% 4 9l AL FAo] 7157 ECR 4k4 Fel2ulE o431
71me] &x, vlola gy} &3, b7\ 4, AldElT) Abre] 3
Ay 5 W52 7 AP 20 ae) sy e o8 Al 4t
sahe Axg F 22 - 33 BAE vl o] Absite] 9
3} Si/SiOAH morphology2] AdAe} Abslet 9 %7} A7)
A BAdol vX & o3k Adujugie}

2.4 H

2-1. NEEX

245GHz8] F94-5& Zhe vholazas A AX 25 27}
Exig ule} HgAg 59 Eelzt Yo MEEE 3
c}. o)ujl 7}=3k DC(direct current) A2 of] 93 24714 5 7)9]
B3t P2 RE s|gREAl $2) o2 2Hgsle] ECREN=0} o
71% $1% 875 Gaussel] a2=l& ¢k ECR 7] 3.
ECR 3¢ 533} AAEE & X & 2z A1 A7l
o) =l ARAE ge} 7] Rl Fo e FAYYeE ®
d=A ek FehzepdAE A3 Ak stae A AR 9] A
Z HEe SaRAEE 53 FUARE ARE g ke 1
mm xZ°] lem ZAHOZ £ Sl 7taRAR e 288 FUAA
o} ZAd el ole 718E sld il Al g Bl oAl
stsla Fepzet o Alddat she] A mde] Hd) AR= 185
A%} 125 Aolr}. Fef=rt el 7|R7A|9] Al 0-18cm=

Microwave (2.45 GHz)

: & Upper magnet

-—— ECR chamber

g Lower magnet
]
| PE ll S Substrate holder
Heater _l

- | r r___:—-) Evacuation
&)

Fig. 1. Schematic diagram of the ECR plasma system.
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Table 1. Typical experimental conditions of ECRPCVD method

Variables Ranges

Substrate temperature without heating-400 °C

Pressure 4.5-10 mTorr

Total flow rate 15 scem

Susceptor distance 2-7cm from SiH, injection ring
Microwave power 200-600 W

SiH,: 0, 1:14-5:10

A7 F stubFul g 2As A4 Felk=zobr) AEQS o A
A F2 AldA7bAE FUAZ Y ¥heThs o Fel] BekysiRl
Eet=ohg A EE) 8l oA stubFdE 2 she] ulA} mjo)
a3 A7)7) vlelagst e 5% o] W) s 3
Hslgden olwRe] wHEAIZRE ZA ek £ AYdxe =
Zo} Wb 7has} uhg- 7hao] HAu)E WstAA 91895 7%
9] = AR ATt 2915 BA 2 2 2E] 2-7cm W ol
A FRAR o Al AT} AbA 7EAe] F S 15scem 02 7]
AlZet. Abshbg £8 7R uher el s gl Aldalspa
7h Aba Eekzele] o) 25 BeEE Ao g Aslgon Akt
HESAIZES oF 5% Ax2 fA3lqint). Asttzae ggk 2AgH
A 271¢ Table 1)) vehic}.

2-3. MU

2-3-1. &9 - 33y ¥4

ECRE2H20E ol 40 S3ao2 7 g dsel dajel
Al S A5 e ARAN F AT AShLe] A FEE single
beam FT-IR(Shimadzu, 8501)cl] ¢J&} 153] scanningdl ¥ £3}-g-9]
W32 Halsgict. Az W EHe] Y 4L AES/SAM(Aug-
er Electron Spectroscopy/Scanning Auger Microscopy, Perkin, y-670)
< AHE-3l9] 3kV] Ar ion beamol) 98] 120 A/min¢] ¥ 2 Av
e)8}e] Sie} 09] depth profile 2 1] dgict A& go]s FAL
TABE Sl Sis} 09 A4S G113l $18le] XPS(X-ray Pho-
toelectron Spectroscopy, SSI, 2803-S)2 AF8-3}9].0w] L7} u}ut
2] FHES £A3)7] 9438l Spectroscopic Ellipsometer(Rudolph,
S2000)>-2 #-A]3}lsict. AFM(Atomic Force Microscopy, PSI, Au-
toprobe M5)& A18-3}d bare Ale}E glo|= 9} PAH Al A3}
) £3 morphology& ¥-4{5hict.

2-3-2. 1714 B4 4

A3hehs A% F A7) EAJal C-V(capacitance-voltage) & =
A3p7] fiste] A8 Hel 2mm A2 ole] o] Habg
ol AFE 5k GF0E AT taget TAZ FFo| e
ARSE T BAE HepdlEd wAte sleld LAsE s A
422 o] 43k electron beam evaporator(Leybold/LSS60)= =2+
sttt o] A9 A73E 1mm, FAE 2000402 Zatsi7, Az
| At s dFelE A0 4328e Z74A9)7) $lsked »
AEH713l0lA 302 F<t 450 CE dA2)slge). o)9) e W3}
£ MOS capacitor3- A3 ¥ capacitance meter(HP 4140B)S- A&
3] w-AF9} A A -L-2k(high-low capacitance)2- £ 3lgdc}. o))
DC bias~= - 20-5V7}2] 0.1 V/secE 7)1t}

3. 3y 9 pE
spatzane) o8 A=Y Asiete] FHEL SR LE9} 94,
HhS71y 9H, Akl dlah Aba FhAe) B Au]ol me) okzke sjo]=

A%t 1.45-1.489] W92 A AshelS ellipsometere]

5128 M35 Mi3E 1997 63

HE - AYd
5000 =,
© 4000 [ g ]
=] " S ]
S 3000 B
\ﬂ; L 4
= [ ]
z ;
= < T8 ]
= 1000 |° 2 5T
w o] i ]
- o-
OulL‘—-r'*J—-r*LLm
1000 800 600 400 200 0

Binding energy [eV]
Fig. 2. X-ray photoelectron spectrum of the SiO, film prepared by
ECRPCVD method.
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Fig. 3. FT-IR spectrum of the SiO, film prepared by ECRPCVD
method.
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Fig. 4. Depth profile of the SiO, film vs. sputter time prepared by
ECRPCVD method.
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Table 2. Comparison of the roughness in the SiO, film surface and
Si surface after removal of oxide in dilute HF measured
by AFM

After removal of oxide in
dilute HF

Roughness  Roughness
(tms)[A] (average)[A]

SiO, film morpholo;
Experimental : TPROTORY

conditions

Roughness Rouéhness
(tm.s.)[A] (average)[A]

Bare Si(111) 10 83 -

10 mTorr 27 21, 18 14
400°C 15 12 9.8 7.8
200W 22 18 11 8.6

Fig. 5. AFM images of the SiO, films prepared by ECRCVD.
The SiO, films were grown with 15 sccm at 1/14 ratio of SiH/O,,
(a) 10 mTorr, (b) 400 °C and (c) 200 W.
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Fig. 6. Effect of the microwave power on the oxidation rate and
roughnesses of the SiO, films prepared by ECRPCVD method.
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Fig. 7. Effect of the pressure on the oxidation rate and roughnesses
of the SiO, films prepared by ECRPCVD method.
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Fig. 8. Effect of the temperature on the oxidation rate and rough-
nesses of the SiO, films prepared by ECRPCVD method.
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Fig. 9. Effect of the O,/SiH, ratio on the oxidation rate and rough-
nesses of the SiO, films prepared by ECRPCVD method.
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Fig. 10. High frequency capacitance-voltage characteristic for MOS
capacitor fabricated on 1-3 Qcm silicon substrate using ECR-
CVD method.
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