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O] AT 7Kgl whet wh ghaglel] HlEl PRE AL SIS o7 sttt 1 oSl A
a17] Al&sksiTt. o] QAT 00)1 210X 8] A E 710 2 AatelE A4S (NER)E Si0,9] 73-9- cosine
Sl ALl AAE e PRE] - FAHIER A over-cosine FEIE B ATE PRO Tt Si0,°] AZMdB =
o] 2A AT whel FAkE Ak, ol PRO] Si0°l HIE] F1HEelA Euld AuEd e o) A7t &
o] ZAl S7FsIS7] Whimelet. B3, nleol s ko] Frtell whzk PRoY| theh A2 B o] o] &qiakzt el
A 3R,

Abstract — The etch rates of photoresist (PR) and the etch selectivity of SiO, to PR in a high density CHF; plasma
were investigated at different ion-incident angles and bias voltages. A Faraday cage was employed for the accurate con-
trol of ion-incident angles. The ion energy was controlled by changing bias voltages. The etch rate of SiO, continuously
decreased with ion-incident angles but the etch rate of PR remained constant up to the middle angle region and
decreased afterwards. The etch rates of SiO, normalized to those at 0° incident angle changed with the ion-incident angle
following a cosine(0) curve. On the other hand, the normalized etch rates of the PR changed showing a drastic over-
cosine shape in the middle angle region. The etch selectivity of SiO, to PR decreased with an increase in the ion-inci-
dent angle because the etch yields of PR were enhanced by physical sputtering in the middle angle region compared to
the case of SiO, etching. The etch selectivity of SiO, to PR decreased with an increase in the bias voltage at nearly all
ion-incident angles.
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e CHF; E2Erloll Hlololr st of2e] alzjo] Photoresist?] 22l A= G 499

& Eebzmt 217F Aqte] a3 At & = Q.

o] ATl M= 3]22] P34 (image printing) & AFI2 2k A}
L5 R34 AR EEHAAE (photoresist, PR)S] 212+ &
AoE AFE ). Esheba 7Nk Fej=mlel|l A A4
=49] 2741 PR A gk mH] 27t AE=r) g3tAjo]7] w)
ol ErAIE o] &3t 342 1A F 2] sPIFA 2 mlA|
3|8 7hee] a7 IeR WISt s2e] 133 s} FEde|
upe} 3w o] HELE Foj 501 A7t Zloli= frA|Eofof 517] wiitol
217} i o] £310] (aspect ratio)= AX| 1L A= FAOITE 2 2
Zhhd F3W)E 2t 7 2E P43s] Hsixle PR A7 Ag
A (resistance) ¥ 3’5 (resolution), line edge roughness(LER), PR
2] 7187 ] (faceting =) Foll w} s wwAlEAe] 4k
wojof gt PRO A7t 54Ol whet 11 skerxe] A7 FEi7L
e A HERE PRE 27} 7195 qiehe 48 g slel o

LFEE HAF A7 FuElE FAshe Hl REEA] FaEofof &
FAlofrt. 2 Aol A= PRof| tish Al 4ksheke] 217} s
HAUES o]29] AR} nlolol 2 Agke] Wislel] 245 Far
ZAFEIATE. PRE] 217}el| Qloja] Eefznt slelga) o] o] A7
St A7z vl R PR Abshake] AZelA g} ofelA] thE
w, 53] PR A& 71w EA o] Absluke] 7213 ojuj st W
AYFel &l the FelE BolAl w=A] FAA2Q1 e El
123k o714 PR 9 Aksete] ZhA 7187 whE o] =8] ¢
APYEE 23] oA viAl HjEle] A7t odg Sk Al
E71s8l] wlizoll vlebdlo] A (faraday cage)s AHE-8H0] o]e] st
FARE Fdeta ZtEe] mE AEEE BEEIglt)
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A+ A 1A BEEA AEdE A 3
T2 & XEHRA|AE (photoresist, PR)! AZ15122] X
& AR 7} AgE Heeigint. A3 AM-E PR A5
FA= oF 12,000 ASZ p-type Si wafer $]oll HMDSE H}IE &
4,000 rpm©.2 35% 52} spin coatingdIAT}. 3HH, H|WE- ]3]
AR A S AR ptype Si wafer $]91] thermal oxidation Bt
How oF 5,000 AS] FAE AIAA FHIeHiTt.
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(inductively coupled plasma, ICP) 7} T4 % TCP(transfoemer
coupled plasma)g} E2]i= ICP 582 Zef2v|F 25 ARESE 4
7} ZE ARSIt

27y F 719020 o] YIAMEE Fig. 10 vk 317} ol
Az} 2] vl gkt sietlo] Ak ARl Aeieict. ot
ghello] Adzk= 11 7718 B0 F Q1ste] uiitel akd AlH 9
A A Al (sample holder)®] Bi| o] #AIGL0] 0] -2 A} $1%
9] grid Aol TR0 E ALKl StoH2]. TH PR o]0 Bt 2k
F = (mean free pathy’} F46] T W2 QHollA] Al A At 2]
A Ao mm Ao R o] RIS AT o Qi
Aol Ag-3t shEtd|o] A= Fig. 29} 2] #o17F 15 mmR] 7+
2 AR By QU gride Y=Y, gride A7 0.1 mme] 3
FAE 0.5 mm HH R 2 Floln}, wdk, Zh7) tRE Zhee] A
APAE 7HA o] 4 mme] AlA AA| U= AEIR1E A AERE AR
Hom, o] sEtdlo] ARt Uit F4 X7 F4EE o]
FL5 ixIete] adsieit).

217} A9 CHF; Zek=rlollA] =3lslglom, gk} &40 3
o] TR CF,, CF 711 ARgslo] F712R1 A9ds: xl3gatar
CHF; E2tzrt Z2deollx ] A9t vlwataiat aigivk. 212} 714=
4 scem®] 507 FEEIE o, HESY] YR 9L 5~6 mTorr
E {48kt Cathode®] W 2%+ W& W75 &9 15°C
2 1143133 © 1, Source poweri= 150 Watt® F 33t} BE3t w}
o]o] 2 9k -100 VellA Hh —400 V7] WigtA[Z 07 7} njo]
o2 AgelA 21 30% 5t 217HS 1Fsto] 7L @A
S A9t o]2-2] QAR 7= 00, 159, 30°, 40°, 50°, 60°, 70° 80°,
90°%. Fdsto] o] Al Zhreol| whE AZHGEE ARl

e A5 FA= 57 574 7| (Spectra Thick 2000-Deluxe,
K-mac)E AHg3to] 43I0l A%E 2he AlEe 4 354 AR
o] A7t £S5 FU oA Aafske 00 AES AZMEER B
gato] o] FHAS #ANS FAskL eakE E3t

3. gdu} ¥ oE

LT CHFE 0|84 PRI} $i0,9] 412} 3ol 0]2.9] S}
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A TR FejE Witk vlaa Ry T PejE Bl pro) Zh
)7 417} mechanism® 3F53el] SIHI3H F= si0,2] AEld
27tel] 2 ek wlFITh, o] AT o]l At} o] 22
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Fig. 3. Etch rates of photoresist.
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Fig. 5. NERs of photoresist.
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IS CHF; Z2ErlelA] nlofol 290} o)) Qile] Photoresist®] 212l vlxl= 9% 501

Zstell FAIgle] 500 7M1= tiAlA o &2 Ao 50° o) <]
ZI oA nfoloj A Hgke] St whet offh Sk Ade HAl
t}, fE3k, PRE] NERS HIOJo A Zgte]l #AIgl0] Ao JAteh=
GAre] Eels WskE ojujahs AR Aol Adds] 12 et
2+ FEj7} Uepstet. ©]213h over-cosine 43S B2 AvEHS
oujeh= Zo R dEA lvh4]. 5, g4 AHEES dujsh=
over-cosine 7d&o] nfolojA ko] Fr|Ete] we} 50° oge] o]
2 YAt Ziel A AA o AskA e gl As & 5 Sl

o] 2] At Ztieel wt R Si0,°] NER+> PRE] NER 1
Zar g} vmske w4 gaHA 0% FAE 4 Qlrk. Si0,8] Al
~100 V] NER FA10] A1l 3H4& A2 wp2ZA 318H] A
B & Ueplom (2], uojo] A Zgto] —400 VE 7l wh
2} NER 415 o] o] i} Zhellx] S7ksh= ek Bl
t}. 3Rk —400 VellA Si0,2] NER Hujzke -100 Vol PR
NER A2zt 2ot 24 #2E it o] 2325, PR Si0,9]
AZEE AR G A7) 7191 G womiA X3 E7] kel
T =40 Azkgo] Zh gl nlojoja gt Sl wep M® ke
e melvhar & 5= Qlok. 9ol AFE Zhee] whE F 549
Zdolgt A7y £& wske] Avl= o] 9] QIAF Zhw) SUMESE
At HE ol EYA0 JEE vlaskar Qi wEhA ol
3k o] ZE o] P viAlskaL ZF ZiedlA Q] AA]l 8-S
ZAFsl7] {18l itk 21 7H& (normalized etch yield, NEY)&
Fig. 72} Fig. 8ol =AISKICE YA NEY+: PR¥ Si0,2] NERS
FARI o ® the 20 RA §lo]e] Zheo X e] AZbrEE 0%l
Ao AZFEE Uie BHEY(OYEY(0°)1} FHsItt. Fig. 727E
PRE] A)ZF80] 50° o]/e] 352 o] YAl e JelAFE nt
ojoj2 Zte] ulEl 2|5 Bola IS FRISHICH, —100 VeollA
—400 Vi S7Fgtel whet ] A2t 85 Hol= ZHert 60%014
70°Z S7FISIE. 32 ZIelx = S oo {Al WAKEH, vl
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