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Abstract: In this paper, Plasma Enhanced Chemical Vapor Deposition (PECVD) SiQO: film properties are
modeled using statistical analysis and neural networks. For systemic analysis, Box-Behnken's 3 factor
design of experiments (DOE) with response surface method are used. For characterization, deposited film
thickness and film stress are considered as film properties and three process input factors including
plasma RF power, flow rate of N.O gas, and flow rate of 5% SiH; gas contained at N. gas are
considered for modeling. For film thickness characterization, regression based model showed only 0.71% of
root mean squared (RMS) error. Also, for film stress model case, both regression model and neural
prediction model showed acceptable RMS error. For sensitivity analysis, compare to conventional fixed
mid point based analysis, proposed sensitivity analysis for entire range of interest support more process
information to optimize process recipes to satisfy specific film characteristic requirements.
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Table 1. Deposition input parameters and their ranges.

Input Parameters Ranges
RF Power 40-100 [W]
SiHy/N» (5%) 120-200 [scem]
N-O 1300-1700 [sceml]

REe ¥Ede sotstuzt @,

2, AY Wy

2.1 AWy

Abstetel A RYsE HE dAde® Applied
Materials it P500073H] 7} AL-&5 Q. kg E4
A 9 WAE Aol 75d FAYHWSREE RF
9], olrtgl A A (N.O) 7}A9) %?J'%* 2 Aie X
e 5%9 AtdAILA (SiHY)Q S AAFA
o F 1& FAEAYNE Y n8E FHYYRS
o] HHE Jeith Al2gFd dJHAE Fa) u
S5 A3 d94E £2317] 98 Box-Behnken
HE ol 83 HFAE (design of experiment, DOE)
< FAsz 3 29 WL EWHEA (Response
Surface Method)& A}-&3tch. £4& 93 WE 7}
T U¥ WS olold Pule] g 2x T 7|
BAEEL dA) AH8E 32 & 550 mTorr 2 300C
o] 7|ETAHAZRAEL -leo%koi *}%EP&'CP

Astete]l 548 Hrlslr) THFHo2E 4
3o F7 9 wurega f‘e}%"] ALEE AT A
stute] F7= Nanometrics it®] NanoSpecg A&
ste] EAEJa, wruete] AEYAE Tencor jit 9
FLX-2320& ¢] &3t

2.2 EMUY

THYHU T 2 Ao E
A £ =RelME F 74 ¥y e A
A, wEEAEAA g JARY S T3 B
e AdelE FHAAE e #AE =¥} A

A& 2337

old, 3ALAN A 3719 YPWFd dis 23}
(order) %2 AWFE uejdle] 442 493 97)
o] 3o g FAoZ TG

1748|298 o] &3le nysls
o*‘ BRI A 342 22 1x9
A gdd 5842 A3 7
& % 7] g Aol dstex
T8 AFA7E B9 AFAHE Uk ol B
=AM E LF9ATGN A3 2% (Feedforward error
pack-propagation neural network, ©]éF BP)< o]-&
3to AMtutEA RY S FAAG oy, 7 o=
o AeH7tE A A (Do deEbd RMS2 A
(Root Mean Squared Error)E Ab-g3dted # &3t}

1 o 100

S0 = o 50~ o

AN y, y R & 247 AATAAN 2HE =
A2, 289 qF2 9 dF9 doge] & g
W,

52 atet o] FHEAC g YHAAe
F& sotsirlel Bad BANY Fo sy mz
= (sensitivity) &4 o]t} 9z E %%41% AlM = &
del A AdE A PAse S
o2 DAL WHEE rg?}a}e:l*- SRDROE R
o WEel g FYAREe WELEL A F
&8 ALgd [4].

df  f(X+Az)-f(X)

E_ nﬁ.’..“':- ]/_‘u(---{l {2)

olwl, Xt Y4¥HE, Az JHHEH XF st

ofN
_\l._i' ~I
r-1:r
ru1o
L

Bus o f(x0)E 3499 X
o ME FAHEA AR Hojdr),

2y A2 Ads Eae A Qo veht o
o o] WAEE B shte ddg A9
GelA gte S4% (54 24U Fabel
Aokel B WAE B2 WS Ao dwy
ot olzid Wy ERAXGIMY wE BAe
2& Uzt gou AA FRFTINe NpES
Edshe dt Fest Aok F, 349 wAgd B

ARt ws g mteract:on)"ﬂ oz 54 ¢
Hol HFo e YL UFe 1 A7 2 Z79
WA Wgkd & . 53] ZezulE o] &3
HeAEHe] FE YHRFLTe] nsALo] ujg
F83nz 2 E—E—ql’ﬁt E4 YA iz



A7) A A g es) =8, 2237 A11E pp. 831-836, 20104 119: ojex = 833

7 oohd AAAY WHE BAE A% 4 Q) o]
Z7ke) 1 A WSlol A WEATIY ngwel
ARE (s1E THetarn.

sl=ii f(zi—+A.'.c)—f(:cj) 3)

nizo Az

Z, YYWUFES 4G Az ¥HYE A=
%‘:E} 3ta1 zhzke] W ol RAEE: WX E

Hete] I AFS AU 2y o] AL A
2—1\1 o] A%S Hopste dE ffdgoy
FgRgor WAEE WELY So oz A
St WEFe] FHoz uPse Zds e
7tAE & o], NPEY A7) (28 H7Isr 9
2 (4E °]43Ad.

ks

$2= MAX[f(z,+ Az)]|— MIN{f (z, + Ax)] (4)

olff MAX¢ MINZ Z+zt g4 fo] Hgigt 2 3
K#%E v

3. @3 3 1@
3.1 &sjoio] £ BAHRY

PECVDEA4 & &% SiO; 2319 749 233 2
4, SALN TG NP2 RS o]&3 myyAe 7
Zt 0.71%9F 10.98%°] RMSL. A& Jetdch =, 23
8 AFsEH *fE#‘?ir AY2 e =gvtozx Ak3lgte)
FA dEFE FE3] 7M587)d o9 e A y

go FHEA o9 2L FHL a8 18 FdA
= g 7bEdt 28 12 Si0p AEe SA¢ o
g AdEAEe] WEEHE Yehdo 29 19
Efeh uis} o] Z+ QlAES A Weld AA =
TEHRZF A9 YA ¢kov RFHS] 9 Ad s}
2 fFdF A¥HA ¥ E e & 5+ Ak

ol2ig 54 17 20 Yeld 339 FH oA
= ¢ F Ak 328 28 N0 729 % 37
FE (160 scem)e2 IAYE oW FATA s
Eet=ol 999 Aldavta FHEe MELFS e
d adolth el vehd niel o] N,O 729
THF g ¥wE oy Zet=vl g9 Frld o
8 Zg Fo] MES BYS I 5 )

jr.i] 160 200 130 1500 100

RFpower [W]
- 40
RF > 70
power e
W) - ’
= | N0
5%SiHYN, 5%S5iH/N, [scem]
[seem] + 120
- 1000
160
200
- 750
50

N,O [scem]

Fig. 1. Interaction plot for SiO: film thickness.
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Fig. 2. Effects of RF power and NoO gas flow on SiO,
film thickness.
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Fig. 3. Effects of RF power and 5%
on SiO: film stress.
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Fig. 4. Effects of N:O gas and 5% SiHs/N: gas flow on
Si0O» film stress.

Table 2. Sensitivity analysis results on fixed midpoint

O W— Sens'{tivity on Sensitivity on
Thickness Stress
RF power 1.170 0.109
5% SiH4/N2 0.546 0.077
N20 -0.163 -0.017
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Fig. 5. Effects of RF power and N-O gas flow on SiO»
film thickness and sensitivity results of 5% SiHy/N. gas.

(a)

§ & 8
Sensiﬁwry (A)

(b)

Fig. 6. Sensitivity on film thickness; (a) sensitivity of
RFpower and (b) sensitivity of N2O gas.
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Fig. 7. Sensitivity on film thickness; (a) sensitivity of
5% SiHy/N: gas and (b) sensitivity of RF power.
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