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Abstract—The SiO, films were prepared by electron cyclotron resonance(ECR) plasma diffusion and chemical vapor
deposition(CVD) method. In an oxygen plasma generated by ECR source, these reactive ions can be controlled by adjust-
ing the microwave power, O, flow rate, self-DC bias, and source to sample distance, etc. The positive oxide ions in plas-
ma is therefore related to increases positive oxide charge density in SiO, films. The flatband voltage in general is shifted
due to mobile ionic charge and interface oxide charge. In this study, C-V curve shift is related to the positive oxide charge

contained in the SiO, film and interface states and the flatband voltage is inversely proportional to Q,+Qy.
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Table 1. Typical experimental conditions of the ECR CVD and dif-
fusion method

Experimental conditions of ECR CVD method

Substrate temperature 300°C
Pressure 4.0 mTorr
Total flow rate 15 sccm
Distance 2-7cm from SiH, injection ring
Microwave power 200-600 W
SiH,: O, 1:14-5:10
Experimental conditions of diffusion method
Substrate temperature 225°C
Pressure 2.5mTorr
O, flow rate 5 sccm
Distance Ocm from lower Magnetic

Microwave power 300, 400 W
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Fig. 1. Auger profiles of silicon oxide films prepared by ECR plasma
(a) diffusion and (b) CVD method.
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Fig. 2. AFM images of silicon oxide films prepared by ECR plasma
diffusion method for Si(111) when (a) microwave power was
600 W and distance was 0cm, (b) distance was 6 cm, and (c)
microwave power was 300 W and distance was 0 cm.
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Fig. 3. AFM images of silicon oxide films prepared by ECR plasma
CVD method. Microwave power was (a) 600 W, (b) 200 W
and, (¢) SiH,/O, was 5/10.
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Fig. 4. (@) C-V characteristics of sequent annealing for Si(111) and
(b) C-V characteristics of SiO, films prepared by diffusion
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A& AR 4= Qi

Fig. 4(a), (b)= Si(100), Si(111) 7|ghel] ibgel] 2] 7|we) 9
A7} sk AR o2 RE A7} 0cm, A127] A $2H-E 5scem,
71e] =7} 225°C, wto]a 23} o] 300, 400 W3l FA o)A
RREAIZE 408 A3 F FAE Alslehe o) 45l I A - F9
Aks}atol| MOS capacitorE THE ¥ 1 MHze] F3}48 C-VE 24
¥ AE vehligie}. Fig. 4(a)e vho] 229} £30) 400Wel 24
dlA Abstehe HARE F IAE AE 948 A N8 CV
A& Jehgich. D))= Absbate] flatband voltage(Ve)es — 2.21
volt2 dX2] A A 89 Vel -3.82volt B} 1volt o]} o-20
2 ol FHSE HAY 5 Ut o7lelA] dA] A - F depletion®]
&) C/C.. 3t Zol= AHER Si(100), Si(111) 7] gke) )= 5ko] Z}zh
1-3Qcm, 10-20Qcm®] 3 9-& 77| of-Fell doping= borong] F&E
S Axtsl ¥ A3 FY3R &3 doping densityN,)7} ZHzt 6.39
X10%, 7.73x10°cm 2 2 2] f&o|c}. 13 CvZHoa
FE AR AP A 74d 8(fixed oxide charge)o} Al £
A 3H(oxide trapped charge)e] (Q+Q)/qe IAa] A - Fo| zb7
7.76x10", 6.88x 10" cm 2.2 vjelytr}. o] slzbo] Az ¥ (Qp
Q)/g7} Aashs 94U IAFY F st FaEo] Q=
0, 0% 0] 253} ajr)zto] 7t23lr] wlolt). Fig 4(b)= vlol=z
o ZHo] 300, 400WR! 243} A=EE7}t A2 ok Si(100), Si
(111) 7l ¥4 € Abslatel A2 F C-VEAE Jehigct. o}
olZ23} E¥o] 300Wsl ZAA] Si(111) 7]l AR Absp

HWAHAK KONGHAK Vol. 35, No. 6, December, 1997



904 AT 298 - JeiE - AU

2] Vue —-4.68volto] 2 (Q+Q)/gE 9.14x10"em > 2.2 400 W<l
Z7eA Si(111) 7)ol AR Aksbete] VRl (—)bias ke
2 ol53e (Q+Q)/qgt= A vehstceh. v FUt AYE
Zel| Si(100) 7| S AHE-E A Vs —2.19voltE AR FZE B
= Si(111) Z1#EH B} S V) A7) gl foF A=
AR Z2E BEe] 2reEg Si(111) 719 FAR Alsk
2 Vi) (+)AF Weke g o] F3ll.or AtshThio] Astd s
1.68% 10" cm ’2.2 =}A] vielydet

Fig. 5(a), (b)= Si(111) 7]8f ¥k3-7]W 3= e] 4.0 mTorr, 7]%2]
AR7} Atz A o] FAFFRAE] 20m, AbAT] A9} A7 A9
f-2ko] 15scem, SiH/OB)7} 1/14, 719ke] 257} 300 °Cel 20
Al Bt A o R ulo]lm3 29 £ wislel] wel YA Aks)et
2] C-VIFAF Vo] W3S vhefuigle}. o]v] 1= vl 9l&[5] =t
oz Ra £ Wislel Wl FALEE A7 dAte] dojue=
600 WE A|9J3lae violazs) EHo] ZVLLE o] 23§ F
7hste] HhgAo] o] AAeke] Frlsleg ASlE s Zvlslich
12y} Fig. 5(a)ol viehd A7)4 BAL vlejazs} 3o F713
FE C-VFAe] (- ML ol5sl AFE vz glod
Fig. 5(b)°] V= vlo] 23} £3o] 400 W7HR] 371855 §43]
Zashelrt 400 Welake] 2 ellA dA s 3 she Ak 3l
& 4= glc}. o9} o] C-VFAL] o] 52 G4tslute 7 E4EQ
F&ol o] FH-Z Q1 AT whehel] SiHO,2 Fate|e] uhut
W i) gahog M s glont B A, nte]a2sl £
o] Z7IEFE 7|gAt Ao el 2HA (- )bias Ak} 712 7|4k

(@) 1.1
1.0
09
§ 08 E
&
~ 07F
&}
0.6
0.5
04
-25
Bias [V]
(b) 5-0 L 4 L] T M )
o H Total flow rate : 15 sccm 1
% 0.0 | Pressure : 4 mTorr .
Z, Temperature : 300 °C
;n sol SiH,/0,:1/14 ]
Y
é" -10.0 } i
] L
>
- -150} 4
5
£
= 2200 F i
u‘ -
-25.0 L 4 . i L

100.0 200.0 300.0 400.0 500.0 600.0 700.0
Microwave power [W]

Fig. §. (a) C-V characteristics and (b) V;; as a function of micro-
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