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Abstract: Recently, silicon etching have received much attention for display industry, nano imprint

technology, silicon photonics, and MEMS application. After the etching process, removing of etch mask

and residue of sidewall is very important. The investigation of the etched mask removing was carried out

by using the ashing, HF dipping and acid cleaning process. Experiment shows that oxygen component of
reactive gas and photoresist react with silicon and converting them into the mask fence. It is very
difficult to remove by using ashing or acid cleaning process because mask fence consisted of Si and O

compounds. However, dilute HF dipping is very effective process for SiOx layer removing. Finally, we

found optimized condition for etched mask removing.
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1. M 8

A AuFAe ¥s FFe xuLs g}
HAAs} AAslz 24 = i, xad A
oL 4F FR %Y F2 79 d9A
o] F4% Fdd 7198, o3 I3 dHolg 9
HEE flste vieN FIAZH L vEge A
T %4 2 UME ZAAY FHE YT v TAHo ¥
2380, LCD (liquid crystal display) 3482 $1& o
Y YredEHAE 7)E, A E 7|68ty TEY X 7]
& 9 FH MEE st AT e FaHo
92 gaAaz g [1-3).
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23} Fep=ulE ol &3 WA Az Wy §F oy 7}
27F ey @A 7 gol AEEHE AL dEi
&7 vlAste] ot gk-gA o] 2]Z; (RIE: reactive
ion etching) Wx¥olt} o] HyE Blwa Algo] 3
galn HHE ZHAM AHEEHE o Faad A
FE 78 44 54L 98 F U9 28y, oY
T A4 IHE A 3 A AR BEH 4s
A BEEE 284 JAHE, ¥ FF blojojx A
oz % AMEFEAY &4 F 2 71X EZAHA
dAE 7HAZ ol 2 AA Ege] AL ATFHz
At [3]. D. L. Flamm [4] F°l 93t Az 34L
yl 7l stH 2 BEFEHY olo uwiE AztE %
Azt Z29do] ZAYSE E. Kay [6] 5L 712 vt
olej ko] EAE FHAE AT &5 2 Z=23Yg,
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G. C. Swatz [6], E. A. Ogyzlo [7] & A4 A&
3 n¥, pEoE =38 Aol Az 4o A
o] §& HudHrt ol A o] A& 1
Al F3elA AHE3817] $15ke] Bosch 543} cryogenic
Azt ¥4 Fo] AFHAY. Bosch ¥4 SFs 7t~
& o] &3t AgE 7|#E AZ3HA fluorocarbon
o] ZHE B3I Frh oA A AL B3
Zhgo] WolE ZPEE FHLS AZoA BEEI,
T2 wgozgt AA A & + gl [89]. o8&
el Hestedd aYE FERvihyl Zaghd, gt
Hog FEAFEHZ Fu|E AL Bosch &
Aol wo] FAoleld crvogenic 47t +AH L Y2F)
T4 7psdith 93 1102 X ALdA Az
| 729t H5 R FMAE FAY ALEEY Az Hd
FUE B3I 53 WFgor Az Y (10
Bosch 342 420X 7lsstn &% RzAde] 3
A Azt 4 Fo WY ARV 54 vz
t}. o]o] ]3] cryogenic 217} AL HL HYR F
Aol 7ts# mlz=a &4 Ha, Azdde] ujy
a2y 2% &AMl En i *& AW
ZA3] Fojof s wHo| wedh

FEQY SFRuE ol §3 FHL 1UERY
ZuE RF F=EZF WA oE AAF 7]He] uio
o2 HYE 713l o] EFAURAE FE W4
& AHE3tEE o9 "WEe FoyA 2 &5 W
ol EYH Aol 7153ta, AY FAHol 7edid,
qEZ 37 7t g Bt okyet A AA Y ZHo] v
§ dstn AFAY AelM AHEE, 4E A3E,
5 474 T4 2 A4 AA 34 5& FHe=
AL 3Eo] A2z ARE T YA FHLE
28] &a o [11). ol 22 HE 4z g
AdFE g E2er T g Aot vkg 7t
2, FA 273 T dHA 4F HJoY E2E T
T3t 7FEE o] &7 WHEA ol A4 A7 RAE
2 AygE ®9d & nme ZFFde] FAEdn B
aE3 o [12]. o] ¥FHE F2 g4 E42
o|Foj {F7IERAR, AIEY A7 £x& AAA F
2A719, Azt & JFHe AA7 LolskA o}
27be] 4o Y FEg vX e Ao dEA Uk

B Aoy Cl/HBr/CFs =22 Ehzvts
ol &3l A& Az& AYstn AP vz A
AE $std EetzelE ol &% TFY AA FTH,
& o8¢ F4 MA FTHE ol §3q A7
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Fig. 1. Schematic diagram of high density plasma system
for silicon etching.
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2. o8 % %H

a9 19 EFet&ulE o83l 47 ¥ (chamber)
£ ¢FuEAD Ade ¥HAn {2 BRFE 954
anodized ¥ liner2 o glem ¥Wsle] RF AHE
= ZY ¥ AF vlolojx HYPor ALE3IAL
o RF #EL E/9 o3 S2§ T3l A4S 3
et olgt e FRE Hx RAAL AL
3A] gko} Fx7} taEal FHAH R FYF Fg=
olE 98 4 Qo AR Eg=v §E 29 ot
yxge +x2 4=23 Zek=vkinductively coupled
plasma) 54&, F4%9 ¥ 4l(bushing)S &34 2
g Ze}=vl(capacitively coupled plasma) 54L& =2

e A 2kt ndE Egt2vl 5L By A
Ad Y dgd Fu2 &8 7Hssit [12] &2
= ol Wz wiZ|HA TFAHC] oy, Fn9
EZZvlet RF 2 e A=ty F9 AdAz £
o] gtk F}F AT delHE AXNE F U&=
S AT @ Aoz FA=o] glon FAFHd=
TR 7HEAEdE S¥€E He W & 7271
Aol A7 34 F AT =2 FA e H
B e 7k FYURIL AAFAR S = FLH
#Z(end point detection) EEE TA =i}
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Fig. 2. SEM image of silicon line pattern after the silicon
reactive ion etching and aching process.

A2 E HEE p-type Si 7|HY ol EFE MAH TA
€ YT olF 1.2 mm F7Y SS03A9 ZHF (PR,
photoresist)& =¥% F =AY L 53 =9 =
& YS9 A8 E 4 34He 8 mTorry
74 ¥, 400 W 22 3¢, 150 We ulo]oj A
59, 45 sccm® CFy 7F2 3ol z7ho082 1027
breakthrough 343& 2 F 10 mTorre] ¥4 ¢4,
600 We| 42 T¢] 100 W] uloloj2 4] 140 scem
9] HBr, 60 sccm® Cl, 15 scem® CFy 5 scemél
0:9] oz 30x3 F Azo] APHUG, olF
Zgt=ulE o]&3% o Al(ashing)® H:SOs:H20:=4:1,
HF:De-ionized water=1:100 Z#dl|A AA4& 283
& FE-SEM$E ©]83l9 27 ©(cross section)]
2993 ZRE #AY vtz E #2RIAG A
Z 3 A HUE 74T It 929 EF L ¢
o] E o] FE-AES (field emission Auger electron
spectroscopy) 2 AH&81 o

3. #3 % 1@

B ¢ A Hd9 &8 fldoq AT 4
4 34 F A7 =209 2 Hd F99 AYY &
A TE TAAT A F F¥d AFE FAY
spA32 o] &% ARRY IRt AFIGE o
olF A7 B4 L & & UL AEY 494
7 19 olg e VFE FA AR B4 ¢ ¥
4 AL Y3 olE AAE WHE =EFFL
2H 2 &8 899 A%e g 3] Sty 7
T7F AFHAT 2" 2= HAE dels 94l SS03A9

Fig. 3. SEM image of silicon line pattern and residual
mask after the silicon reactive ion etching, aching, and
piranha cleaning process.

Fig. 4. SEM image of silicon pattern after the etching at
10°C and PR removing process.

ZBg ol g3te IHL P4 ¢A AFF n}
o} o] Fetznl A7 FAH L EFH=v oY FTA
< A3 3 Fe SEM o|u|A|o|th, 2ol BE A
3 o] Az g oy FF IY F A€ o]
ZFEC] dol &S A T F ey, ol AA
g Hsd o4 FAH F HS04H0:24:1 ¥ &9
Piranha £9& o]&3l9 F4 AAL AP
a9 34 Be AT Zo] 19 29 Y $ide 3
AE Aol ZHEo] oldet whaza Y 7hEAtE o
FAE Az g FAEo] AAEH HX(fence) &
P AYE F5 5 AL WY w4 o
< Az A F ukg vl2g deE T Z4dy
o] g3t ntaa Fulo] FAE AHo] oF F
Zolu Piranha ¥4 A& Al AASHA Zau 3FE
Aog Atugn. ole] AAF Hste] 1Y 4ol BE
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Fig. 5. AES surface analysis of line pattern sidewall
residue after the etching process.
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Fig. 6. AES depth profile of line pattern sidewall residue
after the etching process.

ojul x| ¢} o] H2E A FAH F A7 g T4
29 &9 fence AL A7 sy 7B 2=
§ HEAA 1052 3o 49S JP3gc. 43
< 10x9 2504 AT Fgi=zul A7 F 9
4, Piranha ¥4 AA& A3t ¥4 258 &
Fo2N AZ wg BAEY ZY fence ¥H L o
Astaz sPen, ol FL TH WL} HA B
3%t

a9 5% vk23 HEe F¥o] A E fenced T
4 AE £4¢ 9%td EDS 42 A3 Aol
ot 2y 3} o) F9 fence= Si 3 O, C A& &
Z5%0on, C AL ofF vu|d ¢E HolEs Ao
2 Mol EDS ¥4 st AE7F di7] T =&
2 Zzetn AZso . ol L AR REH

Fig. 7. SEM image of advanced photoresist removal
process applied line pattern after the etching process.

&Y fencee EZ2vul Az 3 F FAT w232
7t 7AstEo] ¥AE #FHe] dFolFHr] Boge F
H fencet SiO8 T4 AEE 7IAE ZAL=E AR
d2. 4z 33 F v 722 FIFE 429, 33
gho] P AR 4k, dlo)we Aol AFE o]
SiOxol wgE& AASHA Hi o] RAbgo] waza
F¥o] F3EHo o4 FAHolY Piranha 24 AlAoel
A AARZA g3 FFE Aoz A £ o) A
g2 A9 F99 fenced T4 AEL AAI &Y
3l12} AES depth profile® 33t 28 6ol A
BE 8o} Zo] ¥ FHME S, O, C o] BF
AEH Y depth profiled A& Agysiyd A& nfF
o] Q¥ ol & AL gqlaed, o =9
fencezt?] Hube 3HE A& €A 7|QlE Aol

a9 7S EgRulE ol &% A2 wrgA ol
Azt AYsta, o4, 100:1 HFlA 40 sec &9
dippingdte] &% fence® A A3}, Piranha %2 Al
AL WY ZAFold, oy Fehzul Az FAHH
4 AA FAFL AP T zdeld. ayelA
BE e Zo]l 3 F &Y fence ¥ 474 F IAFH
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Eo| Ay @A ¢S @HG 7 Z=2ndg 4L
F ATk ol UM AFF vt go| AZF FA
% yg 7l29 O AE, T3%e 0 A&, 9179
Si A&l A Z¥d fence® FA 3, DHF
(Dilute HF) 3322 2z ¥k BAAES AAS}D
Piranha &4 A#A FAHoZ & 2E 2HGELS A
Asle dFHoz HAE Heo] FAE ZIolH.
B Az 2 a@e A AdFF AES AP E AeF
HFo, HeE A7 F 44 ghg FAE ¥ ARE
HA EHAYPo] YFHATH

4. d &

A2 A7 F4 9 vlz2a AA FHLE A
22 9 FAHY JAS 4 8§ ©F 9=H & ¢
H7 7)Eo)A v AEE FEHA Uk YIHUE F
o] =, LCD ¥#9 WEg A3 £3F,
MEMS 71€2¢ €8 Fo=2 1 ¢ ¥t 73
BA% 7)Eo|t}, olg e 8L fsd A7 F
A F A7 urg RAE AAE e dFE F
g3ad. Az FF F Adgu], 9 AA7 A,
Az z2ad Ao 59 EFHOE ik 7f27t A
H2g o= A4 &5 A =9 fence 52 A
= EAFEE AN o9 AAE 943tq AES A
B BEAS dgon, ol SiOx FEe dAEogn
Aztslo] v, DHF £94& o]g3lo s #AA
g & AUt 71# v2a AA FAAAE F=
o2 o] &3 o4 EE Piranha =E oMHE 5& ©
28 54 AA FHol ALEHUAT, IR FH =
AdlM 29 fence’t AAHA @F&o] FeHUR B
A-rolA DHF A& F3te si2a% + AU

ol
2
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