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Abstract: As semiconductor device technology continuously shrinks, low-open area etch process prevails
in front-end etch process, such as contact etch as well as one cylindrical storage (OCS) etch. To
eliminate over loaded wafer processing test, it is commonly performed to emply diced small coupons at
stage of initiative process development. In nominal etch condition, etch responses of whole wafer test and
coupon- test may be regarded to provide similar results; however, optical emission spectroscopy (OES)
which is frequently utilize to monitor etch chemistry inside the chamber cannot be regarded as the same,
especially etch mask is not the same material with wafer chuck. In this experiment, we compared OES
data acquired from two cases of etch experiments; one with coupon etch tests mounted on photoresist
coated wafer and the other with coupons only on the chuck. We observed different behaviors of OES
data from the two sets of experiment, and the analytical results showed that careful investigation should
be taken place in OES study, especially in coupon size etch.

Keywords: Optical emission spectroscopy, Coupon test, Data qualification

1.8
1.1 EEM 33 2EHEHE

REA AZE 71Ee FATH AFAA Foi Yo we}
ReA 32 A nAE A% 7lE g FEE A%t
o [1]. w=A] 2o 23A3, dolg Ae n&s, a9
22 N 4ARE A3 WEA TAY ol FAVIe 284
o] iFsar, AF vH3z % =AY FHL= Aozt

* Corresponding author; samhong@mju.ac.kr

o2 E L ok EFE] UE BFE opliEr
o AU IR ol AAI€0] ¥asth

SPC (statistical process control)= 74131 W< o] 4§
A #E Wyos WA AaL Aol sl g
19900 ] xute] @o] ARRE Wyoltt, 23y AE AFE
T T4 B9 L7 FoEA SPCE o83 TA
AP L ol AL ke A7 stk

APC (advanced process control)= H8|2%H AF=HE F
8 ¥FE ANTOE R4y, d7]] L of wAog
AT FAY o} FFE WA ol FAY AL Ha



354 J. KIEEME, Vol. 25, No. 5, pp. 353-360, May 2012: S. K. Park et al.

stz sk ol APCE olgalel wheA A 2]
ot @4 HoleE S, dol £4& Fol ol 3
4 Ag 5o wiloz s 48 37k 34 ANl 37}
5o olelg 7l 4 Uk 2

1.2 OES& 0|2¢ #oI=0} 42 3F ZUHE

OES (optical emission spectroscopy)i= Ze}=v} ujol] &7
dhe ol AR ¥ RS FYE FFAHEYS
2 OAENA, 54T SN wse 29EYY] A=
(intensity)& EUHYSI 3|7 34359 wsE AR
[Bl. o1& Eetzvt 4FANN AAStaA s 9t 22
o g3 Hge FEE RUEHse o WilE A
F ek AZEHo] B ¥HE3o] f o] §AREe] WA}
A 4& o Pk G| Ao Wyl wASHA H,
o] XY &= Zo] OESE ©°]4% EPD (end point
detector)] g]oJc} [4].

gy 25 24 AEe A Qd Az gdYe] AA
gl wel FAHEe] BAR T} OFES 459 Al7|7F 20
S, Wil WalEo] 2 7]E9] OFS Az g v 7
Aol wishd g ZEshed oA ool U [6] EIF L
Y AR g8 E242 A4ske d AREE IR HEE
olxzt 3 WMo FAHOE 2714 o)}e] kg Azshs 7|
o] WAl wpe} chekdt 3}8tFo] WAlgo 2N Tl e
A AEHE Adsy] ofgtt ogd EAHE A8 4
 chst dlole Az gxelFeol AFET At [45].

1.3 =&2| M

dutrog 22t 9% (open area)o|d Fet=vpr} fo]H
HHo] 2= WA} Azo] o]Fo|A|= Fio] HEE A
t}. 53] open area’} 10% ©|Rke] 7A$-2 low open areagtil
s, el Ao MFol HE ZaFd weEt low
open area®] OESE ©]§% EPDd| wjg 77} &his) W8
511 9tk Low open area etch A 548 348 SyHoz
wUeE & 4$ AdHoz wkgo] A dojuz] wjid
aRkE A3 A7) = s Hol 42 F8F W50 o
HA €t [6].

3, low open aread] W& A¥E A7 HH 2HE A7)
A cREE dolHe] Fat A go] B3t weha
A zbelaial sh= 49z FLE open area® 7H fllolH =
Zto g dial Agshs e Agshs, ol FE dlolH
H2~E (coupon wafer test, %3 coupon test) 2} F-&t}.
o] HiHL Akglol ] AA Aate] ALl A HA ¥4 =

& WAz mofsh=d ARgsta Qo FE dlojHE ¥
(chuck) #lol Fi 34& APT A, ol FE dolv9
open area’} ¥ $jo]¥ (whole patterned wafer)o} L%
open area® 7HIthH= 7H3& wigoR J} F Azskaxt
dhe H4E 9 vuA 99 AZHA e, chucke W
of #efd}x] kv 2 gpen area AHF ¥§E F Uthe =
& AR Heth aed A234E& OESE 2UHE sk
%, Eehzvt W] o] &3} ghrjZo] uhukat w5k WAy}
= YouRE HEs EAshe delojng Fekzole} ¥
= Ao glolsie] uhe-g wjmd "gr} ok wehA o
= 4= low open aread! FEo|HE o] &3 AT AL
OESZ AARF ZUHHE 4$, FE do9E EEHRAE
(photoresist)’} ZBE 72l flo]9 (carrier wafer)e] ¥-2
gto] Agshs 2 Aol flol= glol & (chuck)el &2
1 AZsHEE A9 dlolE7t FYsiths 22 §o dolE
k] AL AEE HFEsuAl .

2. MY wy
2.1 MF M= 2

dlels AAe] HH F open area’t 1%t 7T 724,
Aubdel FE gjols] HAEE 1% sdshs sEo Y=
FE dlolHE AZe oujii [6]. ol FE dolHE ¥
S Ho yux] A BF EFES 9 sjgaie, A4
2 34 Fole AL ¥3SA %O8= open aread AHA3)
=8 FHeo Y= IFAT. T IFHeE RISzt
3R= o] open areas A|2JF Ywix] Goo] BF FE
2ER goila FEHRAES} ¢l TR ukeEleE i)

Fig. 1. Two types for coupon wafer test.
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Fig. 2. (a) coupon wafer picture, (b) schematic diagram of
coupon wafer (0.8% open area).
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Table 1. Experiment conditions of coupon wafer test.
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Fig. 3. Etch system (a) figure for assembly the optic fiber at
viewport and (b) outline of data gathering system
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Table 2. Measurement of depth silicon overetch.

Ru

Type n PR condition Si. etch Overetch
depth

No.

#1 PR erroision 5264 A Overetch
with
carrier #2 PR erroision = Underetch
wafer

#3 PR erroision 0A -

# PR erroision 3250 A Overetch
without
carrier  #5 PR erroision 4250 A Overetch
wafer

# PR erroision 3200 A Overetch
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Fig. 4. Intensity of (F; (32140 nm) depend o tine; (2) with carrier
wafer, (b) without carmier wafer.
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(a) SiF 2J'CF2 (with carrier wafer)
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Fig. 5. Intensity of SiFx(388) nm) and CF:(321.40nm) ratio
depend on time; (a) with carrier wafer, (b) without carrier wafer.
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13 4z+& A7 [89].
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(3.3)
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Fig. 6. Intensity of CN(38849 nm) and CFx(321.40nm) ratio depend
on time; (a) with carrier wafer, (b) without carrier wafer.

CFx + SiO; — SiFy + COp, CO + CFy + COF;

(34)
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Table 3. Selected chemicals and wavelength for data comparison.

Byproduct Wavelength
SiFs 385.60 nm
CN 388.49 nm
N2 337.19 nm
CO 582.80 nm
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Fig. 7. Intensity of Nx(337.19 nm) and CF2(321.40 nm) ratio depend
on time; (a) with carrier wafer, (b) without carrier wafer.
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Fig. 8. Intensity of CO(58280 nm) and CF:(32140 nm) ratio
depend on time. (a) with carrier wafer, (b) without carrier wafer.
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Table 4. Non-similarity of data pattern using DTW.

Chémi Spuilariey  °% Fercentsue
sy — similarity of non
(count) similarity
SiF; 2,235 439 16.41%
CN 938 1,979 66.70%
Na 2,241 376 14.36%
Cco 2,327 244 9.49%

Table 5. Covariance and correlation coefficient for each cases.

With Without With
: ; carrier
carrier carrier
Chem wafer wafer 8
istry " without
carrier
Cov. Coeff. Cov. Coef. Cov. Coef.
SiF; 1879 095 1768 097 2470 096
CN 268 0.69 103 0.56 306 0.81
N2 3166 097 3256 098 3814 098
Cco 1289 099 1626 098 1600 099

ook, DTW: HE QoA Ho| o]&5E Wgoz A
29 Az Zolg :B3HA @ QAT & U= FHo] A
7] WE 24904 AsAA Be] AMgdhs gaEFol
o} [13],
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2} A 71F dolg g9} vlastaa} she jHA HolE g
o] ARE dij)n A A%, F deold o] FAHA
g Dij)e 4 359 o] Aogr)

D(i,j)= d(g;c;)+ min(D(i—1,5— 1), (35)
D(i—1,5), D(i,j—1))

ojld, I(i,)& B3k AR e HaA g AR
2 A4 BEE warping path#il dB =t

olg 3}5HFol| whE OES #H¢l nliue] #8317 ¢3) 2
AR 2B AP @2 FF 94& 7 F A¥T7E
DTW ¢85S HE43ich

T8 F 359
n—9
(in’in+1!in+2‘"?in+3?in+9)
mn - ]
10 =1, Or
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E Um!jm+1!jm+2‘“’jm+8’jm+9}
m .
=JInm

10
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ol 4 (36)2 TWFA7IA £ Bt similarity S
14 F7HA 3.
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g oA 3] disMe 2F 384U A¢EE =
HYS #AF T .
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Aol A FAg uieh o] e goluizt Y Agole
overetch7} T EE 12}8}3& u, silicon oxide etch EPDE
gldhzr 7 ol ARS3kE 00 FelME dia) g
2 Aolg AT A o9 diF 7MY 2 90z )
go] fojso] =X3 XEHA2ES] oz A% COFY
oz F33r

Positive XEX2ES] F8 FHEZHZ C, H, 0019, O
plasmag o|8% EEHAXE A|A T4 Al CO% CO7} ¥
AREE AEn [14]. & AYdMs B2AEY 7128 0%
3to] Azt 3¢ W83, fluorine polymere] Fog <l
& HZge] #aE 2017 A8 OF2E /KIS (151
b EEHAXE AA whgo| E7lsH] wAsigon,
]2 <13 OES dlole FdlAE Fele] flosizt Qe A¥
0| over-etch’t dolR=E E73I F AYTe dlole

7} 714 2 1129 non-similarity® eItk 22 a)

4. d B

A7t T4 219 A3l AnsE= vl 8-S AP K9
EY¥ open area 7HAE= FE dojHz sl HrES
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g gutqog AP wyor Azt AL e A9de
open areag AF YA gHo| A& A e
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BAE 7l A7 o 99 E=3 Se=vist S83] s
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SEM Zxe} OES dle|HE Hlug A, Ao dlolsj7t
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B} A& 3714771 AgE "art glon, e gojHet
o] Ay ZAne| vlwr} AYPHH OES dHo|HE ujgoR
T4 BUEE A nejsiel & T3 2929 NFIHE EA
e g 2 92 w3 Zo= s,
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