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Abstract
IHAICH BHE X 2SS Qs U2 A = 0NIIBS 2400 €2 SI1E0| M2t reactive ion etching (RIE)O
het o1 T8 O ER40| HXD ULH, 8 HESF coliihde AL 2FE 0l =380 F356t12

QUL & =20lMd= RIE HEMA etch ratedt uniformity®i F&S = 2= U= RY 4JHX =, CHF;, 0z, chamber
pressure, RF power®] i8I0l {3 A& A=Y (DOE)S S5l A& S M6, A88 F neural networks. & Sl
SIESEO2A RIE B34S 2XNGE 2MGHACH
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1.8 B Ol D, etching tool2 Plasma Therm 700 series dual
chamber reactive ion etchB AIR3IYUSH, optical
emission spectroscopy (OES)E &8 chamberlthe) 4t
HE &Ntz SN0

ey BIEH OMIDIBIIsS g€g2 elsl LS| (large
scale integration)2@ AXOIA ULSI (ultra large scale
integration)2 AX29 HI%H0o ZHE E0i0 ULt 0
22 082 NMZER Zuig NsE 33 S ¥
38 ez g Ot BF £ d+8 HIZEE & U=
etching2d 2 ¥& ZQR40l =0lXin U o0j4
etching 232 Q40 2t 8 ==20lAHd &= Benzocyc!
-obutene (BCB)& reactive ion etching (RIE) & T O
2l RASZ Q8 etch rate I uniformity2 B0 28
8 N#sIAULH.

Gas 1

Electrodes}

Benzocyclobutene (BCB)E= Low-K dielectric polym
-er2, CIEHHUWE 2ol A0 HWAIEAE FEHECE
A ICS signal =T & HIE2H #Fs SEHZE M3INE

MCM-D 2 Z inter-level dielectric (ILD)22 B0l At Pressure
&&= SZ0I0. 8 BCBE planarizationdt 2| Ol 80I -
oll, &019 241 HD, 2212428 compatibilitydl & J1&1. Reactive lon Etching®l 74
S I UCH [1]‘[2].
RIEE 0188t 2 d8UAME JI2HCE 4JIN9 & 2. 8
oI, =& CHF;, 0p, pressure, RF powerdt RIEQ etch 2.1 2848 (DOE : Design of Experiments)

rate, uniformity0Oll OiXl& F&0I CHel 20tR 1, 018 &
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2 2 UOoIEE JIX12 MAH0D S8X
SEaACH [3].

ABAHEY (Design of Experiments)Olg A0 s
[~]

HEgYS oDists A2z, siZstDX ot 2
ool & .
Met SHN YYCZ UIOIHE =4HoiH 2L AHI

o

HEE HEAN &5, CIOIHE OEH HaI0, o
s

ct

S0A 2O B8 22 2 YUEIE HEEE= A0
0 AoE £ AT [4]. olgist dEeldE AR6H0
HE2 49 QNE 24FECF B0 HEBSASH X
= chambertholl FLal £ 291X19 gas, & CHFs, 0%
chamberli @ pressure, RF power® N&HAUCH E &
89 A& N D-optimal S AB3IQA20, A He
center point& Ol & 7¢O AEE HESIUCH
{51-[6]. A&E 4-inch <100> A22 <IOIH S0l
5um® SMN=ZE BCBE spin coating B & 250CHA 1
A2t gHdel otd20, 1 % photoresist (AZP 4620)8
coating 8 # reactive ion etching® 56t0! etch rate®
uniformity& ZJGIACL. 0] AEE S50 20T dol
HE 86l inputsl} outputs® MAJAZHE BH, JIEQ
inputsd A0l ACD FAHE 2 LEE inputs@
A&, neural networksE& S8l RIEQ etch rated uniform
-ity2l 2UHE AMNBALCL

H1. RE &8 Ao

NO| CHF3 | 02 | Pressure | Power
1] 2 2 100 400
212 2 100 200
3| 2 2 300 200
41 20 2 300 400
5120 8 100 200
6| 20 8 100 400
71 2 8 300 400
8| 40 5 200 300
9| 40 5 200 300

10] 40 5 200 300
11| 60 2 100 200
121 60 2 100 400
13| 60 2 300 200
14] 60 2 300 400
15 60 8 100 200
16 60 8 100 400
171 60 8 300 400

2.2 Neural Network

neural network: process modelingﬁ} gdd 84 1
& 9 E3g #AE e YL Bolr 8
&% toololth. o}2 ¥ neural network®] FRE Fdo)
2 Ede AMHQY x=9 dFER oA glen 1
TERE AIRFRHY MAHAEIF ARE AYste WEn
FAatsth, B A ¥l M= back-propaga -tion ¥ 9] tool
& g

back-propagation &g LdniEe HAKLE  (least
mean square)d L] Fe] wNE Y Lo, v
EAtA (chain-rule) & oy wtE Aoz ARsle] 3}
AR Zel 92 (stochastic-approximation framework)
o AEAFoRN FRIAD = A} (7). o] Pygoez
dRYE A AN Ay Yuare 949 Ao gn
AAE &8 ¥ F A3, AP iz 9 A AR
o] dAE EREE FEHAAM EAHoR ¥3Y 5%
7HsdtAl st vlsel dew, dE® AnE A u
BHEE Pu} ¥ 2= AL A2 YA FE 9
SR ARG M AT AEE AFH A F U=
59 ZAL MR o, F¥e FF ddsAU Ay
2 (local minimum)o B&dvks Fo AT 7}
A ek [8].

a2 AYoA AA A& back-propagation neu
-ral network® FAE& Yeic o] Zde gy
(input layer)® %32 (output layer) A}o]eol &t} o]Are]
24 % (hidden layer)o] EAMd = MAFoz, 4 2 e
AAH YoM dEFoz AHHUA Ao AR
%= AW (feed forward) MIES Zo|u},

48 ==& RIEN 9% vA: 47kXARe 259
ABRENL 23 AAE He] AnaAst dFP Qs
€ Frtaev, SYRE GAHoR FPse= A}
UREE fgo] ojfolit B &8 mEE ¢yrsd
o} & etch rate® uniformity®) W& veEhldc

o X

5%

=

J&2. Back-propagation? 4%

3. 2 % n#
3.1 Etch Rate 223

J332 209 oX2tel ASXE0! 20 20 0IXis
&2 20 FE& interaction piotOICt. Of interaction plot
2 5 S 40 XY O F UK MSHE0| FW
il YEEZ 030D BIEBICH Ol CHF:Y powerS
SSXAEE HAS 2E AXE AR HIBJ|HE XD
AL 2TAE £ JCH 24U neural networksE i
RUUS ME 2 AU 4OtN XSS, ABBAI &
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= CHF3%F 02, O:2 pressureE M2l LIGIX 2REES
inpUtsCZ MBS F2R 0laE BEs #S + AY
Ch Ol U0 XS0l &2 HANL neural
networkslOIA =01X2 XS ACFE Mgl o
Ch

JJ&4= neural network modeling8t GI0OIEHE S8t
CHF38t 020t etch rateOil == &0 o LIEHHD U
Ct. Ol chamber pressure, RF powers &2} gtQ! 200
mTorr, 300 Watte2 1A Mt

f1o DA A XS XA2 CHF:2 09t 2-3
sccm, 20-25 sccm 20 etch rate2 FIIGIAL20
CHFz= X230 SJI8I0E etch rate0l 3 2A 8= gt
Oz etch rateQ 2401 HOALD. 0l248t OlRE 2
HOoz BCBY RIE B0 A Fluorine2 BI&IXQ X
B30, s8I 5%0I422 EIHE B etch rateD
A8 [9). E 0.9 SZIt EHELE etch rate
JISHXICH 0.9 EEJ 20%8 Y8 Al SiOxFyJl etch
e 23 00 M40 etchE 252 WE0ICH
[t0].

&5 chamber pressure2t RF powerJt etch ratedil
= S0 CHoH Haist 20ICH O CHFS O.= B
2tatol 40sccmit S5sceml@Z D ASBICL. chamberld O]
pressure= 100 mTorr, RF power:= 400 Watt 2 @, b
€ etch rateg 2 UL 0l chamberll 2 pressuredt &
o0l BIZ2 JIAQS] MOl 2D, UE ES+89 J&=8
X %43 TR0 etch rate0l SO0, RF powerdl =
OFXI® etchAl Scl&eQl 820l BJIol= OIRE etch
rate0l S8t

&
L . . . .

Of O 0¥ mo rE re

Nk o
@4, CHF32 02D} Etch Ratelll F£&= 98
(pressure : 200 mTorr, 02 : 300 Watt)

185, Chamber Pressure®t RF Powerd}l Etch RateOll
FE= Y® (CHF3 : 40 sccm, 02 : 5 sccm)

3.2 Uniformity ¥ 9

J6eE 330 20l 24 QIXzie ASEHE0 H
I g0l DIXl= B8S 20 F= Interaction plotOICH 1O
231 22 2Nz 0,2 RF power, chamber pressure
2 RF powers= A2 AT Y= A2 WAL
O0lgd OI8SE 0.2 RF power, chamber pressure®t RF
power2 QIXIE HIQAst LIXA 89 QX8 inputs@
AE38HACEH

372 neural network modeling® IOIEHE S8t
CHF32t 022t uniformity0il &= &0 CHEH LIEFUHD U
Ct. Ol@ chamber pressure, RF power= =2t 3t0l 200
mTorr, 300 Watte=2 JDHHWC. ALY DA JHE HE
9 ZHE CHF:2 00F 22 40 sccm, 3-4 sccm @
M uniformitydt E2 A€ 8 £ UL 0= 124 F,
CHF32t 020t etch ratelll == F&N 22 ZU=2 oA
g £ UCL &, 0,9 s 20%8 E2¢ etchdl2l=
g2 H00 SiOxFyJt 20 etchE Ydliots Bat0l M
JIBZ uniformitylll g&g ECt.

™82 chamber pressure®t RF powerJdl uniformity
Ol == S0 s LHEHHD ACH Ol CHF:2 O.=
F2t 29 40scemilt S5sceme2 JFEHCH 0l MO,
chamber pressure= 100-200 mTorr, RF powers 40
Watt & [, 2 uniformityd Y2 % U= A02 24
SOX0, O Olg=s 185 = chamber pressure®t RF
powerJ} etch ratelll &&= &Y SUS 01K 20 &

J1&6. Interaction plots for Unifotmity
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et o o N N @ tasine

(pressure

D187, CHF3, 023} Uniformity0ll &&= Y&
1 200 mTorr, O2 : 300 Watt)

188, Chamber pressure® RF Powerd} UniformityOil
= Y (CHF3 @ 40 scem, 02 @ 5 scem)

4. 2 B

g =R0Ads RESBYY HHSE 6 dEAAY
g A8 Hd8S8 HYslo 4o AfE s8R 3
At & AME OI0E8 neural networkE AIS6I0 etch
ratet uniformity®i of SDRIZY  SIAUCH.  chamber
pressure?t RF power@ 200mTorrm, 300Watt® I1H Al
9131, CHF:2F 0.9 2o HE Tagl i CHF;, O,
chamber pressure2 RF powerlt 22t 20-25 sccm,
100 mTorr, 400 wattOl A HitE eich rate® 220,
40 sccm, 3-4 scem, 100~-120 mTorr, 400 WattdllAd &
2 uniformity8 28 + UULH

olgl o1& Bl 401X 24T UMM RIEQ MIE etch
ratedt B2 uniformity§ RXE 4 U= 2F ZAHS &
Ot =, UASL, RIEBFH MMM etch rated uniformity
O B2 & & AU O ¥2 UKNE0 UR AR &
o ZCL 0j2 0IRZ YOZE HE o AXREE XN
D NED 2AE S50 REZNS HNNE A WS
SR Wy Aolgt dAELCH

& 10 2#

[1] E. B.Liag, W. H. Teh, K. W. Teoh, A. A. O. Tay,
H. H. Feng. R. Kumar, "Elching control of
Benzocyclobutene in CF4/02 and SF6/02
plasmas with thick photoresist and titanium
masks," Thin Solid Films, Vol. 504, pp. 225-256,
2006.

Michael Khbeis, Reza Ghodssi, "Embedded
Benzocyclobutene in silicon : An integrated

[2

[y

fabrication process for electrical and thermai
isolation in MEMS," Microelectronic Engineering,
Vol. 82, pp 154-167, 2005.

[3] G. Box, W. Hunter, and J. Hunter, Statistics for

Experimenters, New York: Wiley, 1978,

arabpl “BCHAIE 8B 2004

[5] &2, Y4, “|RNUT LUSAEE 0|8 HIMEY
o D-XE AsA2AYN 28 2R, FYIY
8514, M28H, M2&, pp. 135-146, 2000.

{61 S. Begot, E. Voisin, P. Hiebe!, E. artioukhine, and
J. M. Kauffmann, "D-optimal experimental design

4

[

applied to a linear magnetostatic inverse
problem," /EEE transactions on magnetics, Vol.
38, No. 2, pp. 1065-1068, 2002.

[7] B4, "dAL /BN S, et okdl, 2005:..

[8] OIMNE, “HEXM2 0122 A AT OE7,
The Journal of Research in Education, 1894.

[8] Percy B. Chinoy, "Reactive fon Etching of
Benzocyclobutene Polymer Films," /EEE Trans.
Comp. Pack. and Manufac. Technol., Vol. 20, No.
3, pp 199-206, 1997.

[10] B4, H£+2, higehiro Nishino, "Si{100)21E 20l
SAE 3C-SIC #9io U284 oI2424 S84, &
X RGMEE S =&, Vol. 17. No. 7, pp
724~-728, 2004.

- 143 -



