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A Study on Wafer to Wafer Malfunction
Detection using End Point Detection(EPD) Signal

oM F MY N nEy 2By

(Seok-Joo Yi, Sang~Yeob Cha, Soon-Hyuk Choi, Taek-Beom Koh and Kwang-Bang Woo)

Abstract : In this paper, an algorithm is proposed to detect the malfunction of plasma-etching chracteristics
using EPD signal trajectories. EPD signal trajectories offer many information on plasma-etching process state,
so they must be considered as the most important data sets to predict the wafer states in plasma-etching
process. A recent work has shown that EPD signal trajectories were successfully incorporated into process
modeling through critical parametér extraction, but this method consumes much effort and time. So principal
component analysis(PCA) can be applied. PCA is the linear transformation algorithm which converts correlated
high-dimensional data sets to uncorrelated low-dimensional data sets. Based on this reason neural network
model can improve its performance and convergence speed when it uses the features which are extracted from
raw EPD signals by PCA. Wafer-state variables, Critical Dimension(CD) and uniformity can be estimated by
simulation using neural network model into which EPD signals are incorporated. After CD and uniformity
values are predicted, proposed algorithm determines whether malfunction values are produced or not. If
malfunction values arise, the etching process is stopped immediately. As a result, through simulation, we can
keep the abnormal state of etching process from propagating into the next run, All the procedures of this
algorithm can be performed on-line, i.e. wafer to wafer.

Keywords : plasma etching, end point detection signal, principal component analysis, malfunction detection
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Fig. 1. Trace of emitted light in the etch process.

H 3k A} A E FRHphoton) T3 F-Et}.

BE2EE W(FNS 43 NHXE 23 oy ot
B 2 S FFIA ou dAERE HEHAE
AE AEE F Utk AAA7E AviEHE A4 Fede
A ZRAEZRE S U WE2 FUEIE S AZHA
Ao WEe A4 "€ HZe] EEEHE A Al
4 wEo] Frleta ARLEY W HEE A
B} A7HAel A4EHY] vkg&Eel 91 Fo wet
A&l Fert oy 2EHd e AT 29 19 2
< gutd FegE g2 A Ho o] 2FE o] &3 AF
°] ¥#8& WEsly] W#9 EPD(End Point Detection)
AzAFo s EEsx ItHi3l
2. AZt A|AH|

Hzh A|l2Ee O9 291 o] 1) kg9 69ACL
AA=Z AP AZ4ekgda 2) FE=vl A4 &
dAdste de AFste B4R, 3) FERE Agd ¥
< Az ule] F& 2x3 249 E(monochro-
mator), 281 4) APANETE Afutel A4S BUEHY
sl 2 AFHE AHERPA JehY, 2lZkgniete] A
oJAEE FavE EPD A7z 7Ade Utk Bx
azdest 928 FEFE Setzele JHE B93I
E F UEE doly EWd HYsA "R FHZT, F
AREREH g 22 B8 A3AYE ¥¥sin ez
54 wge] WS HEI] A% B8 FAsE das)
A Hed olg A% rxazdeEe &F FA9 PMT
(Photo MulTiplier)S W33t gon 19 29 Zo] &
5 Axle] witAg 2ddte] At BF o dw
PMTZ 2UFA @tk PMTE o33 ER93e 4w
Aty 2718 WEste] EPD Aloj7]|2 BuA "o

EPD Aloj7le E:AZdEIZRE Hgd HAYAs
E AR A48 £ e ad=e geHE e
FHUA A3 ¥HIE FAASY AFHeE AAFTHE
AP ¢ J=E g 54L& 994 drth @
A gAY A4guE AT § A= EPD A7)zt
MEEo] ow(10], £ =EdAe o1& o|&sted A
djjolH k] (wafer to wafer) oZ& 3 diojg|e] 43
o] MAy=HA Hrh



508

|

\
Monochromator
yuEy - EPD 017/

sus

a9 2 4434 x4,
Fig. 2. Etch process system.

3 HH IHEES s dolE &y

HIeH] ik Bof F vmy tulo]io] glojx AHA
2 IRV dde ug I A o] o
Fojx 3 geH, 9 FAe 16M DRAMOIAM 64M
2 AdF4Ao] olFstn lon 256Me} 1G 59 AXRE
A% IWexs SAATAlY =28 e Aotk o
3 vrg &3Fe] FUl Al 27HE 3dEe] TH
Zled A& 9 AN FFE A8 FFEE g3 9
ol# AollAe] tulo]X AAAe] =& FF T A
A FAe 71EFYA o dHFHZE o HE3slm
QAT T 24 2 AojE "o B}

A7t &3 GHFHE F A4FHL 4ol B3
3l FY=rt 71 FaAEE BokEA AU 449
AHE7 He oA, ddx, Adxe 74 CDe #e
£ AAEY 54 Hoto] FaA L oW, AYE,
Helzeo u3g T AA4FH AP g d7¢e &
] olFo|x KA|W11], oiEF A7 AI}eE M
DRAMe®|u} 16M9] vixg 32 AZ43F54 £4% F
B Hsol = FgE 8ol FREHJLH, 64Mo]
o] nPAES = AY AL A Fa &Y 94
E 54% CDA tig 18 o3 v dAgelct

DRAMS®] H& o Fo ZHdeEx dd8d 1
3 F402 pAH] 3lon ZadalEe 32
o] o3l wia} gate, storage, bit line, plate 2]
o7 FEHL o] F S-poly (Storage polysilicon)= &
Hol 7|9R-Eo=2A wEee] nyHsz 3 o &
A2 vlE FZHA ZFEE Ao] Iwtdolm Az
Aloll= S-poly ¥ £4-& W37 98 TEHA
ZHE FES FAE 7HAk 3. o, XEFH R 2H
t FL FL FASHEA A A= AL Ted
FHAZE eB 2 AHAE CDgol uig ZAls A7l &
L3

a% 33 Zo] CDe S-ploy HAEZ 4L Tale
Aoz dixA tulels AHA Aol I &3 L&
A7 AAAE T 29 mvigaN 459 £x0
o e e =k gut3de s CDhr) sgEYRa
Zod HiB o g 2§ 4ol £YP=H=E T A
o] slojA FZEFAHo FAVT DT wEd R &
Ade ZIdsle A 540 wsle ZAUF 2

M - RiSst - NAEISS ==X R4 A H4S 1998 8

uf 2ol A =59 CDge FE7 "o Hrl

T3 =2 AMAAE A ALY @EL o2
M= sty diolH Aol HHElE thol(die)d] HiX)
o delne] RSy deAA, ole dolwidd
Axe] WE 27 549 WAL AEE e A
© 2 $£&(throughput)e] 7471 43 227} gt

CD
—>]

i EE
i UNAH

Substrate

a% 3. CDY =AW,
Fig. 3. CD measurement.

T9 A B H2elE AAEoldn s 4
AR BHELE A AANL Eol7] AN we
q2Agol aFHE A% A AolH e e}
47ge 1 R¥7} "asl ok olHe 4z
ANE AT S, st sdolwlel 54 A
AdY) 4282 F3HT 1) I8 BAE FHoz
A gejzict,

U= (ERumax — ER in) | 2ER 1, (1)

714, U S-poly®] Azt&¢] dloldul Fd=eol9,
ERmax’ERmin,ERaugE‘ Z]-Z} .'%"O]j'ii LH‘O’] E-% %
AN S S-polye] Hdl, Hi, HiE AL4E(A)

Im. 7iY «QolHzZt Mef o] =

2dye 9% dgos AEHE ExmadyEd 9
3 #E® EPDAZE 02% 992 AMSYHwEA 28
ol JP=m 19 13 Zo] AP 7] wEe 6007] ol
A9 dole§E YA o} A9, o] ZE HolHE
Bdge AT dgez HAM F v oy Az
Aol BAS Hosld Fas 2 e EFoAEM A
A diel8E JEld 4 ok AASe dlolH e 29
< &9 293F 93 SN ANGE S 528
9] S o]Fojof Jr} B AR olgt e EA
&3 dvojE ALY HAE 93l dolee dux7}
QEE JFH e FUHFAE Foe 43 33
224 EAHE FHE FEI}E FLoAENLS A
sded 1 duEEy 542 o 2o

FAoAEN WS o)y s WA dolee HF
Z(mean)# dlojE)Tte] FE-2Hcovariance)S T okvt
gk 9 nfe A9e 2= mollel AddolE XUt
ZAFctn 7HYsE o] slolEd W HWEPE X9



Journal of Control, Automation and Systems Engineering, Vol. 4, No. 4, August, 1998 509

TEY 82 St 474 (2, 37 2o

[,
X=| i), = R @
[ %
szl Sin
. ﬁ\ zkx/k ;; lkzx]k
S— . ‘. y S5 = m(m 1)
Sl szn_

A7z, AR Ade mA Agdoled W
Be AviEi, s, & i=; Y A$ols E4k(variance)
g5, #F7 Y ASdde A AA zpgAatele) R
A QuEtAl "ok o o Hgoz APdolyHe F
B 93 So thgk 1-fgkeigen values) L 18- E
(eigenvector) U9 4F&o] HR3EA Hed ()9 ol
ol 4 3o

U'su=L (4)

714 dojX= AW E LY ¥4 L, L, L, &
T (characteristic roots) & S¢| mfgroleln B
o, 38 U9 9 uy, uy, -, 4,2 E4NE)(charac-
tetistic vector) ®E S¢| {9 Eigln 24k
Ifrat nfdEe] S84 4 SAYEEL bolH
S48 7 2 Yehiz e Aw HEAES s
A O g F8F [ 93l nxpge A
Holel X=[x),%, ", x,]"E AEA dBEA &
nA9e Z=[z,29, .2, & A3 A}

Z=UT"[X-X] )
714, X7t nAd& e m3] dddoleiztn & o,
Xe 2x19 Xo H@RPoln U:e nxne A
718 Zte FEALE nfuEolth olgt e Fox W
o] o3t WLES FagiEtn BeEn, #HIY WSy
B3 Fagld dadd WPy oy Bg ‘2zl
(score)"2 Aoty FEIA ok -39 6)o 235}
AR 23071 A4kl 4 it

z;i= u; [x—~ x] (6)

oj¢g} e, FQ 82 BN duFd 3] dehd
A F 2T A o3 2oz

AR, 2+ W] U TR FEQA S AV FEA
o] 53k WA LY =79 Bk

|S\ =L = L4,...1, "N

A, Zt W gigk T84 A8 S tiAdake §
= Ifrgk LA L9 et f 2ot

siPF sttt st= 0t b+t ®

AA, e 1f W8 uv RS 2i3 L9

FIOmHl‘l

i

Hgst7) Mol B Holy Ao «, BF PUAE
£ o maAwt webd, uoiee) BAREE )9
2o WA mRA Fol MM nAGS] HEL THoE
X =38 & Ao

B )9 %EA
4 l;

= 3 100= ey

&)

A5 2 Ay %’"r‘f‘c’tﬂl IFFeEA F
& dehlied oA FEIH ngx] g UuA
52 Fe JEgvhs vz oozl
T, dlole Wzl o 5% oL AU Ao
€ FEIUT T W [<Lh<--<[,9 SANE FYEEH
Je THEE L=[4, 5, 0,10 A8 A& 3
sto) A Aoz BHE yNY 2Fojuke
W, nxne 230 PP ZE 5% A= EAHLS T4
3 el nxye Z PP olge) FAE A
< F ok
2. MZBHO 2y
D flol# 549 ndy

34 AAE 9% ¥ 7kA W, agu 3R 1Y
< Yehlie 271A A%, =3 #YEY CD 59 o]
e 28 £8 WF Alold 99} g wAE WAL
EAsh= Zeo] wusch &3], ZEkzvle Eg=o)
dolHel vl 9% S92 28 wf, dEHe FAde
E4(F, dol¥ 548)5< #3 FHEE Xden ge
e NEE A7 IYPHE ool ErzazdvEHsa
#Z% EPD A3AAE A3y 2die 9% 3
8% @A AA wHEEA AAEHAE £ it EPD
AEARE =28 A9 AdkA] ge Edo] AAHY
AZ+e] F57t AEHASE e ASHE @Y g
o) WolA|gk, A1Zb WA Wlo Aol B3 o8 7t
A BEE XA "ok odE Eof, THY AP Fo
A Ztgkg A Bard 38 Ao sHPS A A7
o] APFAH EPD AZHAL Azt Alxde] F
A olF A7 wkg-de] A A AIHE HHE A
YA #oh

B 32 e n3Hslel Yojnie] thFA s
met 3R APFL A ol AEo] B doln
o] FY=9 CDY ¢l&g 93, AF=HE Agd A9
SAE okt delue dejol B3 FRAX YA shs
EPD Az#A& AHHFE AL 23327 vES
28] o]ge] HAFH HHo] Fatm A A =
gizule] B0 wE T 549 Wt Ak v
Az4gA ZdFy o] Hgsict

AT EPD AZAHL HA 600709 F4E 239

i«



510

72 7450 Jden ol ARI=F UEHA 3l
X Fd FUT AT d¥F wde Rk 3=
BAE 2N FE AT A= ANAR S
gez 3t me, FL& 24EH ¢nIEL £BF
EPD A% dHolg¢ Airl 8FHL F8 484 ¢
aFFo R A2d vojHe WEAZY g dF A
49 F22 JF vEYR FPARL #8F E oY
g Fo5 W@ 3 M2 SHHA A dolHE ¥
FAo BN o] HeE FFE F =S I

Wi

MBY UEND

s2 b
Raw ) | g [:l\> MEEL
data 4 cp

Reduced
data

EPD 0IOHE

a9 4. dol¥ 549 2dd,
Fig. 4. Etch process modeling.
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and malfunction diagnosis.
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Fig. 13. CD and uniformity chart for input recipe
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