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phillips ¢ Micro-Ion Plus & AFE3S}A L, 7l T3 524 7](mass flow
controller, MFC)E &3l o]Fo{x™ 4 7j9] LS 71X A %2 Read-out &=
TEsEd.  EHx=nEs AATIE AY e A
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W, 7| EFY 7% 25 Gauss®] FANIFAAE AASES SATH20, 23]
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RF Source

l_ (27.12 MHz)

Matching Network

Permanent
Magnets

Antenna Bex

600 mm (D) x 320 mm (H)

o

==

Langmuir

|
|

Reaction Chamber

600 mm (D) x 320 mm (H)

Probe

s

320 mm (D)

Substrate I_JE
S
5

- 300 mm —‘

B 4

a9 241

e 300mm

pumping Matching Network
L RF Bias
(13.56 MHz)
Aty Eehzol 474gAe) TR
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I 242 A3t Eek=v)

Azt o) AA AR
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A%

200 + . .
LN 140G A 7%
g 19— \ AP PM-1
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""='¢ T 690G TG
E o
E I -i"-.."ml“"‘.“i----nilﬂif:flilii ..}I""‘""""i-'- |
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Radial position [cm]
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Al 3% Eeh=u A AR 20
Al 3 el A= 483 5% ACL 3 TSV 1247 Al AHgd Aste fr=4

3 Zgk=vte] Xdte] =2 AF8-% lon Energy Analyzer %! Optical Emission

Spectrospcopy ‘g2 ¢F ol thaf (ks Avfsiarzt gkt

3.1 Ion Energy Analyzer®l] ¢3F Se}=n} g e 2 A3

z H E U
oo I
- = a
m H H
v ! | *
@ ‘\Vnrialﬁc — — —
/ potential
e
D] A
= i AN I
@] N\ \\

a9 3.1.1 o] Ay A7) e [27]

ool vA A dul= vhad ZTH20,22.27]. o2 A EAHES =
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gtznt Yol A A E o] 7 FHow Soje e o] i M-S 9 AME

He wyer 71E 9 At A T HAeM e 54 &l B UK, 2Ela

Gl Al HolHE ol &&etal gtk oo X e 5ol gk &
212 Ton Energy Analyzer (IEA) & ©]&35lo] FHaHAT) 1 Ao = Unt4al

30 2 =(grid)et 1709 ZEH(collector) 2 T A& AS ARESSITH
19 3.1 o] 2oy A A7) o]t

A WA 18] =% sheath electric fieldo] thdt kS WA|sl7] 93 Zxow
Zezul wEE RES HYT FH43517] 93 Aoz HAX AL FAh

T A 28 == gde oy A9 jone S]] 98 discriminator = Potential

electrons X = A] i HEPH HUESE dErh oldd HAHS Fsh,
discriminator ©l <17}3F= Z} biasoll W} Collectorol] E0] 9+ o] A
A5HA "tH27]. Collectorol] =23 o]

[22].
I(®)=gAT[} | 0(®)f(L(®)dv(®) G.L.1)

1
2gD |*
4 j (3.1.2)

”@):(7

i
(3.1.D)2 7 (3.1.2)4] ol A
q : ion charge, A: collecting area, T : transparency of mesh,
o] o] A

T

@ : discriminating voltage, U(®): ©|=&5%, m, :



& 27 etk G E o

dv(®) :%(2—‘1) d®

(3.1.3)45 9 GB.L.D)A el o

[e]
A, A

ol el vk, ofef (3.1.3)4 3 o] Hrt

a]z%}ﬂj_, ot 4 (3.1.4)8F Zo] &

1(@)—— Jo/ (@)d®

T (@)= B.14HS HEstd ofd 2 3.1.5)%

f(@®

m.:

Yot ar(e)
quT do

Collector current{ Arb.unit)

Discriminator potential(V)

a9 3.1.2. AHF[F A [27]
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V)

a9 3.1.3. AYAF FAE RS o] YA EE 4 [27]

o]y x| By Ao HYF2 A peak’} 3l 7 -9-(Monomodal)2} peak
7 7 70l A $-(Bimodal) = Wt EEh=vp AR A 27 Theke of AY
o] rf cycle (7,¢) ¥ ©]0°] sheathE &It AH(Ti0, )2 BHHAAE 3R
A}

o
o

S
A
o

\h
ro
2

T3 g9, & 3MHzOl 8t A= ©]&0] sheaths V- FH>
Al Zboll S elA HE2 574 S =2 sheath voltagee] &S WAl o) o]0
sheatholl 5ol £ of phase®] FFS WA Ho] o]=9 F3 A A7 Hol
AA HaL 5 e peakE 7FAl= Bimodal FEIZ7F HT 1, » T, AT
G Aol A= o] 0] sheaths T wf o] WO f cycle & FoH HH3d] &

HolA HEZ sheath® E°]= Wl rf phased &2 2v|7F §1o™ average
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sheath voltage®] &S WAl a1 bl peakoll 7V7he EFS LER A E
RoFE ShyE

lo

Tion [/ Trp 7t AAF S718HA =W, IEDS] 2 7+43F30 peak
LFERLHAL 1 TH28,29].

of oA Al 7]7]e &gk o] oA o] ol tha] HFyEHEE Frh
Benoit-Catten 5[28,29]° ©]3ll High frequency regime®] t$+ 2]o] Atz )=t
4744 7F ol 9l

1) €73 Sheath F7

2) Uniform gt sheath <717

3) Sheath voltage V; (t) = V, + Visinwt

4) Z2F=vl —sheath 7oAl ion HEHE
Tion > Trf?l oo 4] IEDS] W3}E AE o tist Aoz t}ex o)

v (2ei e 30t (n
AE; = 2eVs (ﬂ) Z_ 3els <T10n> (3.2.1)

Sw M

_1/
d 4 7 2
By =2 = 1 [1— - (E- eVS)Z] (3.2.2)
of F A& F3l el ol W3] thA<! Bi-modal IEDE ¥& T AW AE; +=
Hon o wlElstAl "k A 321004 B 5 Qi vkek 2o Ion®] Mass ¢ M

Trf

T T3 o7t S AE; 7F A, S F peak®] HA L FHASHA Uk
o] 2 Benoit-Catten ¥} Bernard®l]l ]3| Child — Langmuir Space charge sheathS 317§

stel Hg e sAs
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n (2 Yz 4w (x,
g = 5 (25)7F S ek (—T“’” ) (3.2.3)

B AE; %ol 74 Ackd wk 9
Low frequency regime (Tipn < Trf, Wion > Wy )OI WHENA Z. W. Zhou S[30]0] KL
& UgolA =w ek Rl ny <y AT oRbel AolHE AT St A

o thah ol 42 AStaRgiL,

AE, = 20 (Zevs)l/z
= (3.2.4)

71%=9] High frequency regime ¥} 5 Y3 daS YEd = 2ot
3.3 ¥ 4 % E=v A 47 9 A3

sfo] Tepzoh ulel M WASHE A drize] YUl Sobd Qi W
g3 gk Eebzvh Wl A wgs 424% 9 A
WS WSIAE FORNE ARl stetR 7k mfel J1E S 42

3
el Al e W 58 EUHHSE UyoR $Yd dY s
Al
%)

of WAZS FANA Frh WA wEA Az FHAA b gol A

e WHO=E o]5 OES (Optical Emission Spectroscopy) W o]gtal gt} o] HF
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2 217} Chamber Y] Z2f=vule] dgko] ¢l H] FFA (non-intrusive) WS
2 A7 ¥4 8 Fo Ao w RUE Y| 7Hs sttt
%= (electron impact)el] 23] oJ7]H Fo] 7|A
=% AS AEske Aolw, 714 A o] Fdsiyet
T AR S7FsHAl HWH 7] A8 &Fo] Tk HEE WE ARTh
t | S7kstlvha 54 goze] 57t
S7FeE AL ofrh o]y d FAFg3S Heksty] 91E] Actinometrical OES 4]
WS AREETH31] Eek=nE Wl 7]EY 7k ol 9ol 1~5% HEo A

&3teki=dl °]& Actinometergtil FE2m, 54 A4 ozl W W=

=7t

l-‘II
Iy
S

X9t Actinometer®] B! W& o] H|E Hluwsts WHoR A

Ht} Actinometer=+ Ar, N, 7FA~7F F2 AR HEH 2 A3 5 TSV 2
ZtATFA A= Ars AFEEFSIT
ool = Actinometrical OES ol A 2] AhAl7]E -sh= el thal A3 n
b sk 5 o WY AT AApel oef ofrjE Fo eAfol|wt =3k
Hvtar 7Hgekat Fo el oisf] #Esiokar opbd, 9ol A7) e v 2o
[17,18].

I, =k.n.n,. (3.3.1)

- IGFUedE =n, <o > (3.3.2)

9 A (3T (329004, k= A n.& A AEel Fel BE, g, = A
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ol 93 7] 58, op & 7] B FE dHE, v, = AR

53
455 YEeRdT actinometerd] Aroll sl W& W] w1, & 2(3.3.3)%

Ly =k gm0 41 4, (3.3.3)

A AE3NNA k& WEdE & Are] 1A FEle] FE, g, S Are
ol7] a&s ueEth
o711 M, Arel Bl s A=t Fol 8l WE kel WE ofel 4(3.3.4)%F #ol

A% 5 9

(3.3.4)

Z (3.3.5)

2 B2 actinometer®] Ar 7}2=E FH7F, F AxFe] @33 A7) 9F Ar AAFe] by

Al71E Hlalste] F o xke] A 2] A7 4 4 HH32,33]. Coburnt



Chen®] H.31o] o&tw Ard} Fo 7] EHoqA]= 717] 135V, 14.5evol L of

5 AY e A& Hagdoh32]. 284, actinometrical OESH o] 7

(1) actinomiter®t 578 Fo 7| 74 HHEREH AxTE==7 B4 Eo ok
S (e+ X > X +e )

() o718 Fol AUAE Ae W, WrEA] HE WEFomM oA S glofof

soh. (X o X+hv )

(3) actinometer?t 574 Fo A&} o7] TE A FAS|oF ok 5, o]
BEHIE o]yl HF =Y AUAZE HI2d gk 7HA oF 3tk ojwth

D'Agostino 5321 o171 B o9 gtol tha Folsh AHekE Arg
actinometer @ AF&3Fo] o] A|A WL E wlw HrEE Aol U uwk st}
3 Bagk vp Qlrh 2 AFME Arg actinometer® FE O @t Zke] A

2z

bS]
s
Ql MxE wu Frbegith 19 331 4 4 s MEHeR vE
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Plasma reactor

Monochromator

PMT |:

oyl dwy

Scan drive HV Supply
Recorder Pulse Counter
a9 331 2 A A JIEE (18, 75]
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Al 4% JeF okmss MR sjEe) A4 A7 =4

o) FIEl FAFAHNA ACL e bR G4 A Ao A1§H
th ol gol A AshE Ar Zehzuheh OyAr HehxubolA ACL HEle] A

EAS AFesith A7 23 Al 92 source power, ¥ bias power, 3H,

ro AN
H

993 0, Wb Amel we Az vwe] Wl WEwE delw A7 &
o wael U@ Qe ALt o] & He(lon flux) B o] Lo

2
3 (Ion Energy Distribution) &= °]-2°|U A #AHAEA)= ©]-&3lo 54

I
A

L

ol
o

3 SAHAINE npg o Aztdde] WMalE Az}l &9t
4.1 o}2H 2 FH (amorphous carbon) &£7] 2 X3 AF 3k
4.1.1 o}2¥ 2 7} (amorphous carbon) A7)

WA 8 2o HFo] M shgel whe} Photoresist (PR) ¥ o] &3 Aol W

Aol olg sEedomis 1 @Al o= o 4o | ARH Az hiA

AES gol Bk AL HmARS FHFA Uk FANIE golAUA 4

Aenrt Boh $e8 242 uHA Ho 7|E PRE WA F e F

Evk2 (Hard Mask) o] =gie] moh Stojslar gl dadelnh dwb4el &=
oﬂ

U]‘/\EEL /\}@rul 74]

i

L

3 wol B Yot
the Aol wael shuelth wehd, BHow s ¥4 WY ¥ 44 AAY
o

T A= Al =do] JEE] stEnkiaA AlER o

%
m
H
0
1

5

+ B (Carbon)©o] =¥l ofE ¥~ 7HE 22 (Amorphous Carbon Layer, ACL)
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A4, Spin On coating®] 7}5 3 SOH A= 22| (Silicon)o] H.t} Ho]
Si-SOH ¢} 7}#o] £3+% C-SOH 7} ¥d AH&%ar Qlvh34].

=34

olgfst HA AAL T A+ St= vtad AL HEA Az 3 T vA F

AN

[eXe] L

DPT (Double Patterning Technology) 7= 1 Rt} ] " A e do] &

71%%] QPT(Quadruple Patterning) & o= 1 &%7} 1< Sy il
ot

orzel

Hardmask O

PR PR
BARC

- I R -

1% 4.1.1 Amorphous carbon &2 ©| &3k 217} sjEY [35]
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60nm Deposition
{30nm+30nm) {DPT Materials)
3 N
ACL ACL ACL ACL C

1% 4.1.2 Amorphous carbon ZES ©]&3% DPT (Double Patterning

Technology) W™ &A% [35]

ta-C A, ta-C:H

HC polymers

no films

sp H

1% 4.1.3 Amorphous carbon®] /73 [37]
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1% 4.1.32 Amorphous carbon A€ 2] 3% =5 WEFHTE Amorphous carbon®] =
A T2 geu gl s G AAl wHH EFE sp2 th sp3e] Mo uwhet
TEET. =538k Sp29] 74§ graphiteo]|™ sp3/de] A9+ diamond”} ¥ T}

2 3

0>~

Jhol] B.o]= Sputtered a-C ¥} ta-C(tetrahedral amorphous carbon)+ H]5=4> carbon

Wl FHZ ta-Coll H|3 Sputtered carbon®] sp2 ZAZEA YA ¥ BT ta-

@!

o] 75 sp3 Aol 85%E AFA|gkrial $HT}. Amorphous carbon - El ol A
go] gastelA WA HAsE dojup By ddsk 5A4S 7 Al fu37].
stentag=2 ARSI e EZ F Ul Amorphous carbon WRE FZb
o AuiHew -3 A8H], 2gal ashing o= HA AAL 5

et FHE AT guk ool Ha FHew W A YR TE A A

Fele] =,

¥ 4. 1 Etch Hard Mask & ACL precursor®] £/ wA7+%29 =2 54 [35]

Product Structure Property
Molecular Formula P CgH,
Malecular Weight ! 84, 16a/mol
G Boiling Faint ! BO0~EEC
Yapar Pressure ' 21°C/ 155t
Physical State/Caolar ! Colorless liquid
) Water Reactivity ! Stable
Molecular Formula i GaHg
Wolecular Weight © 82.083/mol
Biaivisia Boiling Point LT
B wapar Pressure S 3TC/I5.8am
Physical State/Caolar ! Colotless Gas
‘Water Reactivity ! Stable
tolecular Farmula P CgH, 30
Molecular Weight | 88.22g/mol
S Buoiling Point i 2B-28C
“apor Pressure e
Physical State/Color i Colorless liguid
‘Water Reactivity | Btable
hdalecular Formula | CaH, g3
Molecular Weight | 74.209/mol
S Buoiling Point VETC
“apor Pressure e
Physical State/Color i Colorless Gas
‘Water Reactivity | Btable
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4.1.2 AP A7 T%F

Al WA GANA we] o] &L E s=ntid TN XEHALE
AE Gt oA sEd 545 JHdsy] fd EAUNEI A AA e
HHAA ] oy EAEA W A 54 s s B At
o]F A A

Pears 59 A7 =i o] AHS AFESI oy 3% 02 bar/space 7]
75nmy/75nm SHEIO] A o2 7}A] gas chemistry® ©|-&3} FHE o A& A A E L

a2 ARE BusTE8]. FE= 0,5 base® T k5SS &3, 2 A4

e
(g
1o,
g
oty
il
o

A% A3} HBr/O/N, 7F2~ £33 A &d w3t 24 A 7%

J. Lee & Ny/OJAr &3 7k 27104 Source power?} Bias power®] W3}
23l Nyo E3H] Wste] wE gEFs A sk e=d A power’t SIS TS
AEes SUFkAL N7F S7FES ONx®] S7F2 A7h Seoh gzt

7}
S 183t 39]. 18], Y.R. Park 5 Ny/O /Ar 2 H,/O,/Ar 3}l A

ut

N, %, dc self-bias voltage 2] W3S ] Line Edge Roughness (LER) 2]
W32 B Wl NyOJAr ©] Hy/OJ/Ar o H]&] LER ©] 2z duzles ¢ =

A& el st TH40,41].

~u
o2t

1
=2
X

o] 43} 2ol amorphous carbon HFZel| o 7]E Az} A= IC
7k Wskel dH Power & Eok=vl W] Wste] WE IS FE

47}
AFshe gFow Arlel gt
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¥ 4.2 Amorphous carbon 55 ©]&3 A7} AF I
] Pitch
F9 A7) A7EH F90 )
(bar/space)
Pears
et.al. Varying Chemistry. 3:1 75nm/75nm
(2005)
H.J. Lee
OZ/NZ/Ar
et.al. 3:1 100nm/150nm ICP
Varying Gas Ratio
(2009)
Y .R. Park Line Edge
Isolated
et. al. Roughness Bar 400nm
Pattern.
(2011) Gas addition
243} o] Fo
2 d+ 2 2ZdE Wshe) 4:1 55nm/55nm | M-ICP
& IED &F3#A AT
= AreME VIS Aok Y AR A2 ¥WoeR A4Sk Ar
ZE=vlel O/Ar EFEvlol A ACL H”e] 27 5EAS A+staxr g
=214 A7 54 Al A e amorphous carbon®] 54 S o] &oto] A7)
Ag Al 4= Source power, Y= Bias power, ¥E, 1|3 2E=Wsle] wE
A7y dde] W), v eWE el AZbEEe] Wslel sk Jiks glskal
o] ZEFH A W o] JduA BE T o|dUA BAWHAEA) = ©]|&3dd
SAste] zAstE EEk=et slelA e WstE gl agan, ol gh
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4.2 37k NE 2L AE P

ACL ¥MeHe PE-CVD H}H S ]85} bare Silicon Wafer $]oll 180 nme] 7
2 SFT 2 9ol 200A FA0 A2SH AbEee S U PR
patterning ©. = Pitch 55/55nm= B G35} T A ZF H7lo| AL&H X = 27
2708 M-ICP ot} & A2 FU3st 7] 2MHz rf bias power generater2;
matcherS AZBISATE o AZFA el 12913 waferol Al AIRE 1.5%2 om’
o] 27b AJHCOZ cuttingstol W8k ZF A7 2 E A A =
Z} A3 substrate Si o] o] H&stA HEE FUE silicon G A
Z+A| thermal joint compound - Type 120 silicon paste (Wakefield Thermal Solution A})
Abgste] Al S A A2 S § Bteh rate A7 $-9] WStE T

3f

7)
] =A3}7] ¢Jall Hitachi S-4800 SEM #FH|Z o] & whHS =
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USG oxide 20 nm

ACL
180nm

Pitch 55/55nm (Bar/Space)

)
o
S
4
BN

a%.4.2.1 A Fol AF-&3F Amorphous carbon Z &S ©|-8-3F

b ol® Al A%k e 9
A Ar? 05 A Are] A5+ AA A ZFel A Physical sputtering @}
Plasma uniformity 7480 2 A}g-3ln] 33338 BAH ) [EDSA Qoj=
42l amorphous carbon¥}9} 3}2}4

olty. 0,9 -9+ carbon Y49} WHZEF] CO
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ot
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1% 4.3.19] Amorphous carbon 2] Ztol| A o] o] 23} FA] o Zhe] WEkd &
vebdieh A 2F Are] A9 EEk=vl A Ak Sl o Arek 22 ol
= JHE sfedn

ofgh o] Fol FHl® A7 Awfel shrte] <17 rf biasol 3] 7] &

ol sl frth shekell QI7bel= Aol upe} o] 2] oAk weIARE, W
91 Wi G GAE HEhlE ol Y art $43 S Ha 945E A
Ho Aol me} 2 HE7F wshA Han A7 el 9 Frh 09 B4
Ao gol FHS 0, 07 T3 ol HHS 0y, O5°] EAH
BEIZE Ak A7 ee ) o2 o) AR AN} 54 g BE o

A 2 Aolth42 - 47).
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4.4 M-ICP A= elA 2] shetu]g]

1 7}

>
N

d
d

ol
o

ol Aol M= A Wl o] Azbel mA= Gl s

718 271 A7 2302 30 scem Ar, 400 Ws, 100 W, 50322

10, 20 mTorr 2 W3R S w, 27 44.1.1 I 1 4304

mTorrol| A 2.t} 20

mTorr = =7}gho] we} 2zt

aAs FHES 5

& A%l 510

I
=
)
o|\
)
_OL
rir
PO
dot
ro,
(i
i)

FAYF) HAEEE WmTorl 4 T AFL Holt wHe] FAYF

=3+ 20mTorrd]

75 °FZFE] bowing profile’= ¥ZE T}

Ion energy analyzer& ©]-&3Fo] & ol wE o] oyx] &

Ll

19 4.4.1.29)
400 W, 100 Wy,

-2 dojA| =

LFEF Q1 T} Ton Energy analyzer ©]-8 A] 2712 25G, 30 sccm Ar,

7% £ 15 °C T o2 HW gHee] F/HA4E [EDY Fol

o] =~ o]
A% B 5 vk Qurdow, greo] B9

A] Mean free path7} ZrolA|H YA FEo] BolA] sheath

o] A A7F A
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9] flux= FAFSHE B]3E ion energy’} 20mTorrel] W3l ThA Y] wjto=z Bl
=

¥ 4.3 &= wWE amorphous carbon IE A7} &%
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52



1.0

‘=',-" —=—20 mTorr

« 0.8 —#— 10 mTorr

e —&—5 mTorr

-

-

0N 06

c

[

el

£

- 04}

()

N

®© ook

£

o

Q

Z 00 1 1
0 100 200 300 400

lon energy (eV)
a% 4412 g & o] 2o qA EXE (Normalized)

Z71; 25G, 30 sccm Ar, 400 Ws, 100 Wy (a) SmTorr  (b)10mTorr  (c)20mTorr

1.0
S ’\
©
< 08F o—— ¢
=]
(=
c
o

06 1 1 1 1

0 5 10 15 20 25

Pressure (mTorr)
a9 4413 4 Wt g o] fluxe] W3}

272y 2715 25G, 30 sccm Ar, 400 Ws, 100 W (a) SmTorr  (b)10mTorr  (c)20mTorr

53



0.005

0.004 | —=— 20 mTorr
' —s— 10 mTorr
— —a— 5 mTorr
=
.E., 0.003
)
=
n 0.002
c
Q
pr=1
=
= 0.001F
0.000

0 100 200 300 400 500 600
lon energy (eV)
a9 4414 ICPAIAM e &4 Wstel] w& IED W3}

21ZF Z7: 0G, 30 sccm Ar, 400 Ws, 100 Wy
4.4.2 Source power?] <33k

Ol 4.4.2 AolX= AW ol 7}l 2 Source power”} 2] Ztoll W x| kol
3 A H ) gk}, 7] AZF 2740 % 10mTorr, 30 scem Ar, 100 Wy, 5032 % 31
A 3lal Source powerE 400, 600, 800W = W3S FATH 18 4421 oA =
T %ol source power S 7tgtel Wl FA MRS ALV AP ow S}
st As & Aok SHEWERe AAELE =3 800w A8 Al w5eke 4
e HITh TIH 442
e #EET 400W

Profile® W3}sl= A=

mr PN
oY,
9
>
12
)
o,
o
>
>,
il
N
L
™
ge]
=
o
=h
o
o
ko)
)
-
Y
o,

54



200

150 | Py

E.R. (nm/min)
2
@

50
300 400 500 600 700 800 900

Source power (W)
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15.0kV 10.4mm x350k 100nm

15.0kV 10.8mm x350k 100nm

(b)

15.0kV 9.9mm x350k 100nm

(¢)
1% 4.4.2.2 Source power ©l| W= amorphous carbon 3 ¥l
217} 2715 10mTorr, 30 sccm Ar, 100 Wy, 503

(a) 400Ws (b) 600Ws (c) 800Ws
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1% 4.4.3.3°) bias power W3} wWE o] YA X IYIZE ERNSI
o 2 ZoA & g ko]l & AdUAE 7FX] ion energy @ HE shift H
= & T Utk 19 44340 YERA vkel 2Fo] jon flux= bias power S 7tol
g u A SEe B o vk A o Har20]el o8k bias power”f
A7Fe M-ICPR Aol A AR =7F S7FekAl B aL o] we} Bohm £%=71 &
7vak Al ot

uB = f\/kBTe/mi (4431)

A7 kg, T,, m; = Z7] Boltzmann &<, AA2%, o] 2% 58 FAFTh

Liebermans[8] © ©lat¥ 2 AAA oA ion fluxi= o} e} o] Folxioh
I; = 0.605 nyuz = 0.605 n, \/kzT,/m; (4.43.2)
(A71A, n, & HI Z=r Hk)
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15.0kV/ 12.6mm x350k e 15.0kV 10.4mm x350k

(a) (b)

15.0kV 10.2mm %350k 15.0kV 11.0mm %350k

(¢) (d)

I3 4.4.3.2 Bias power | ™2 amorphous carbon ¥l 27} & TH

217} Z71; 10mTorr, 30 sccm Ar, 400 Ws, 503

(a) 50Wy (b) 100 Wy (c) 150 Wy (d) 200 W
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4.4.4. 7|3 &% (Substrate temperature) ¢ <J3F

o] Aol A= Wafer o} 7| % FHo] Azt mx|= ok s A

K1) = ATrexe( -4 @4
A Aol A SEAS KT), A(T)= Arthenius AF<=o]™ TV20] wl# gt} 5 &4
g} AU E YeRd=d E2uig 27 "ok RS 7] Aotk 4.5 ol A

B 5 %ol e Fvb me FAMFe 4asn AN St o

b

Aol A Ao & o vlehd 1g] A &2 SUFEolv B HsW e
b profile angleell = W AIg Wk bt oo deloz Ar ool o
Physical sputtering®] ¥ 217} mechanism® 2 285+ 492 7|2 w o

& Parameterol] Ml Ao o= Azbe] thgh FFo] A gl WEow B

.

=

¥ 4.5 7|20 mE amorphous carbon I E oA o] A Zb&

H] 59, Profile angle®] W3}

7| BHLE(C) -15C 5C 25C
E.R. (nm/min) 114.8 120.6 126.7
H = 0.949 0.966 0.981
Angle N/A 86° 89°
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20.0kV x300k SE 08/03/2012 20:53 100nm

15.0kV 10.4mm x350k

(b)

TEST #1 4
SU9000 20.0kV x300k SE

(c)
I% 4.44.1 7| %o w2 amorphous carbon I E 217} ¥

(a) -15°C, 8]& 300K (b)5 °C, Hl& 350K (c)25 °C, ¥i& 300K
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4.4.5. 0y H7}e) J3
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Ar+e — Ar' +2e (4.4.5.1)
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15.0kV 10.4mm x350k 100nm

15.0kV 12.9mm x350k 100nm

(b)

15.0kV 13.9mm x350k 100nm

(¢)

% 4.45.1 0, 7k mE Amorphous carbon ¥ 2] Z}

;1

9

OmTorr, 400 Ws, 100 Wy , 503 (a) 0Ar (b) 29 Ar : 10,
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Fig. 11. IEDs of ““oxygen ions™” sampled from rf discharges in mixtures of argon and oxygen
at the indicated volume fractions of Q.. The ions were sampled through a clean stainless-steel
grounded electrode and were analyzed using the EQP apparatus. The gas pressure was held
constant at 13.3 Pa. and Vi, = 200 V.

I% 44550, #H7 W& 0,',0" o] 2oy X] FEWS} [57]

4.5 M-ICP$} ICP A< A<
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4.5.1 A% %e) 42 Mz - Y 27

ol AolM= A A7 oA Aste F7F Azbel] w A= Gl v
At H 3z gl 7] 2 2172 2 02 10mTorr, 30 scem Ar, 100 Wy, 5022 317
shal 7S 25G oF 0G= A3t 3 46 oA = 5 A= Bkl Zol

=7F 1cpell ®lE 17w w2 AxE RS9I M-ICP
27004 12025 BT 4 HlLH vertical profiles ¥& F UHFS s}
At TY ZoA e MICP9 ICP 7He] o] oA E¥ (¥ 4512)F H|
B M-ICP &tellA o] oA {37} ICPatel A 2] o] 2ol =] Lo
Sz oA FuE shift B = g AR ole SEkEv HEVE S
7}ebA A mean free path7} ZrobA|al F&E o] F7lete] o] 2o | A7} wopx]7] of
Zolt}, o] o x 7} ol B st 18 4513004 HolE= ule} 7o

ion flux?} 0.79 / 0.547 2 44% A% Z7}st= AL 2 o jon flux7} 2 ZHE& %0

X 4.6 Aslo]F-o mWE amorphous carbon ZHEI O A & A EF A ZbE &

M-ICP ICP Ratio

E.R. (nm/min) 126 72.6 1.73
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(b) ICP/ 120 sec

15.0KV 10 2mm x350k Y 15.0KV 10 4mm X350k 100nm

| () M-ICP/ 50 sec , (d) ICP / 50sec

15.0kV 10.4mm x350k
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217}y 2715 10mTorr, 400 Ws, 100 Wy, 30sccm Ar
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M-ICP/ 400Ws (b) M-ICP/ 600Ws

15.0kV 10.4mm x350k 15.0kV 10.8mm x350k

(d) ICP/ 400Ws (e) ICP/ 600Ws

15.0kV 12.1mm x350k

15.0kV 10.6mm x300k 15.0kV 9.4mm x350k

1o

% 4521 A3} ofF 2 Source power W3} WE Amorphous carbon 2] ZFHH,
3T

Z1; 10mTorr, 100 Wy, 30sccm Ar, 503 71 38Y.

£ 4.7 A3t F 2 Source power & 7Foll WE amorphous carbon I ¥l ol A

o A4 2% w0 el

Source power (W) 400 600 800
M-ICP/ E.R. (nm/min) 126 148.6 167.6
ICP/ E.R. (nm/min) 72.5 83.2 78.6
Ratio (M/1) 1.73 1.78 2.13
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2 g ©
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Source power (W)

a3 4.5.2.2 A3} o5 2 source power H 3}l upE A ZbE1- o] W3}

21ZF Z7; 10mTorr, 100 Wy, 30 sccm Ar, 503

=etz=nt Bd el = A S20]°0] L FANAM Hee AREsko] A3}
o & source power 7t Al¢ WstE Eigh v it} o] mEW Eg=
nko] == source power’b 5 7Fetol] wel AEA 0w FIEEH MAICPY] Hi-
7b ICPe] MW Tt 3ufell A 1081744 Am o] pole] A1 oA A

mechanism¥} A}7&oll 23t confinement & ¥ol] Tt R 139t ACL A1 2o 9

iy

of A 7]ofdle Fe EEbEvl WEVE 2 xiste] 73] AlRf ] EoL
+ ion9] energy®} flux7} HTh. 19 4.52.32 source power & 7F A Aps}o]Fhof
mE o] AuyA EXE YERH Aot lon energy S A= ICP 48 Al
M-ICPH & AlHT =2 J9UE Holu AR intensity AHA|7} oFsl=

ion flux 7} M-ICP A& AlHT} AUldgo=z 2 As o 4 3]
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o]# 3l ion flux =}o]lES 1H 45240 FEASAT. Ton fluxd =}o]i= M-ICP7}
ICPol| H]3l source power 400, 600, 800Ws2] =A =2 1.44, 1.24, 1.314] & =2
Ao w e

0.030
0.0070 -
e 8O0W }& 0.024
__oooser . 600W f i :h: _
3 AR R 3 poief
& ooo4zf J,:‘ 1 &
is *
= d 4 =)
2 oo028} it @ 0012f
[] ' @
-~ * ot
= =
= 00014 i = 0006}
0.0000 L 2 0.000 L .
0 100 200 300 400 500 600 0 100 200 300 400
lon energy (eV) lon energy (eV)
(a) ICP (b) M-ICP

I3 4.5.2.3 Source power &7}l wWE M-ICP vs ICPO A1 2] IED H] il

1.0
—— MICP
09F _o—IcP
~ 08}
=2 |
(3]
— o7}
>
E L
(™=
= 06}
8 |
05|
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Source power (W)

% 4.5.2.4 Source power 5 7Foll W2 M-ICP vs. ICPI| 4] 9] ion flux H] L,



4.5.3 A3} oo wE ¥|Z - Bias power

ol

ot Aol A= Az} of Frol] whe} bias power”} A Zbell A= FEFo] of
AH Rz vy g2 21 7Y
th ¥ 47 oA B 2= 9= nule} 7o) MICP F7o|A AztEwo] =7pu|}
ICPel M3 O AR & 5 Avh o 45283 nprA = A7 £xpe]

7)
NS AR A FeF2ul U9} jon energy Z ion flux SHOlA HES H

U

7l 48313l bias powero TF WIS %]

ol
S

&
Wi

-

K

Bias powero] W Zehzvl o] skl A 4 Epopel ¥ A9
A9 AAFA AN Arg AHEEte] Astolie] mpE mpolojs Wl A JFOR

FEe gFolde Eetzvt HEE &te Harskgl=dl ofel mER ICPA
=

I
o

+ bias power’} S7FEel 7|9 AR A

E

o,

[e:

Hola o]F V[#ow EAHH= JAge T Tdlete Aow 4
Fet oleh= &2l M-ICPAA = 7] ddA F7lstal=tl o]2lgk zfo]9
Q1 Source powere] A-5-9f vE7IAZE oUA|] AY mechanism¥} Aol <
S confinement & ¥}ol] Avtal B 313} T) Bias power H13} A 7|3 $]2o] A5 ¢

2 E°] 2+ ion9 energy®} flux7} Q3% parameter’} ¥ TF 1% 4.5.3.3-2 bias
power 57} Al Zpsfol o] @E o] oA EEE HERA Zo|th lon energy
e AA= ICP A& Aol M-ICPe] 45K £2 S Holu source
power W3} A9} w72 AA| A Ql intensity AA| 7} 2tom 2 T|Ho R o

Q.+ ion flux AA|7F M-ICP A& AJHT} H2 AS & 4 Auk. 17 4.53.49)

o

ol

N

VERH Ton flux®] ko]l M-ICP Z718lo A ICP %7135}k H]3)| bias power 50,

100, 150 Wy 2] =4 D=2 1.32, 1.44, 1.678] A= AlS S7lsles Aoz UEy

.

B
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¥ 4.8 A3} o5 2 bias power 5 7}o] W2 amorphous carbon I &l

FAWG AAEE W

[} |
Bias power (W) 50 100 150
M-ICP / E.R.(nm/min) 79.3 126 141
ICP/ E.R.(nm/min) 47.4 72.5 81.3
Ratio (M/I) 1.67 1.73 1.76

(a) M-ICP/50Wg (b) M-ICP/ 100 Wg M-ICP/ 150 Wg

15.0kV 12.6mm x350k Y u 15.0kV 10 4mm x350k Jonm 15.0kV 10.2mm x350k

(@ICP/50Wg (¢) ICP/ 100 Wp

15.0kV 12.5mm x350k 100nm 15.0kV 12.1mm x350k 100nm SU9 k SE

a9 4.5.3.1 A3} o F 2 bias power ¥ 3}ol] WE Amorphous carbon 2 ZFHH.

217y 271 ; 10mTorr, 400 Ws, 30sccm Ar, 503 %133,
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o 4] 0.85, 10mTorroll 4] 0.79, 20mTorrell Al 0.809] fh= Ho] fEo] F71E4 5,
E£3] 10, 20mTorroll 4] ion flux7} Aoz A4S & 4 AT A 27zt
Ao A= 5, 10mTorroll A & 22471 FAFSEAL 20mTorrdll A= S 713 = H)
IED Z¥# & v|Fo] & wf FAFSE flux

WM = AA 2A7Zbol g3 T 3] ion flux7} o} ion energyQ] HO =

e
=)
fllo
o
o
o
i
Au)
X
1>
N
S
rlr
i)

B oolth Sudeke] A7bEE T3 800W HE Al F5etE AES Helth
Source power’} S7t&FH Zet=vp ARrt Fke 2 oUAE 7H ion
o] 47} #AASHA At lon flux S ol 41 0.85,
800Ws °llA 0.97¢] o= F7hstal vk AAl Az Ao A7)

2
=2
R
i
)
S
=
w2

=2
R
o
2
N
o
S
S
=
w2

= 7Fek =l ion energy’} 2 7ZtEXo FIES T pressured] H-5-2F 2] source
power®] 7d-F-ol = ion fluxe] *}o]7} =7] wijiE-olt},

Bias power’} T7gtol whel gagke] AzZp&=T7E Frbstdlvh Az did
o] Image°ll 4] Hard mask HF= o} 0] round profile® W3l= AS & 4 9l
ATt IED S92 Ho| A= ion energy Gt W&o}l &7 ion flux = A S,

Hztauael delz vehia 7% nE Sl © A% & 5 AArk
k=)

Ar I} 0,92 E3Hu]ak 30:0, 29:1, 28:2 (scem) &2 W3S F 7ol Ar ¥
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patterning®] 7Hs sty 0, o] A9 HlsWEe Ho] oY thE 7hAa9
A7 283 Ao nilr
Y A A Aste R TE Azbol] wA= @kl disf Ay At 4
7} 278 MAICP 25G 271 718 Al ICP X&) Alxch 178 whe Ays e}
At M-ICP Sloll A& o] flux7} 44% A% S71sle] M-ICPL] 124 Z}&: o
o]

4

./_":
4o = tiHAd Ze=vl Ao A ACLE| line patternol] w3k 23S %18
SR ZF 2719 WE ion energy®} ion fluxe] W3l tisl] 15 A T T
AFo| = Azt FAdx=e] Aol tist e} & v A hole pattern © S

A7y A7 Aesiey, ek A Wl A] 98 Dual frequency 2 triple

frequency S17F Alo] F&o AFE F7t= AP a7 9l
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Al 5 % HEY AE wlopEe) BY A 54

o sgAAE A = A 47 A SHlA agelA AHE Ar e}
Sol Al 2214 4791591 ACL Patterning 217kl olo] Z24, shat A
7y 5448 AUl Qi SF/0, ZeF2ntE o] &35to] T3 HofE o A9 A A

A7+g Adstal AE =W EHE o] &3 FHE FAH (Actinometry)$} o]

X
Hm

A1 (Ion Energy Analysis) 5= ©]-&3te] Zet=2nf 5443 A x| o] A}
2 ST el Agtel o] mhe Aol ole] A ulel & A7)
g0l oisl ARSI Sk

I
Ju
Az
ol
=3
a8
v
=
i)
a2

%=9] Devices A|x3s}7] 93

ol
)

2D scaling ¢] A
o2 5% Ao] 3D AFFxolth 7|Eo= a5AAE o] &3l 7t Folvt

bonding & o] AR&sIlont Zojxl wjidel doj= <l
RC Delay 59 7]EAQ1 TAHE il glo] o]& tiAst7] €13t Silicon wafer
kel A4 AR Vigel Wik Ao st 3D AT 7lE 270 ol g At
#E3 Hlo} =, = TSV (Through Silicon Via)E FAsle] 2oz AAs=
D ZxApeh Bl wf ®Wup 22 Alolz= Yl B AT AApA Fte]

b
b

il
rot

A A3}= Wire

il
<{

AEa=

N

7Fe Rk 7

_

«o|t}, UHkAd o2 MEMS, Logic, CMOS Image sensor, 12|31 WX g
nh 5o Alzzpge] AT glrhs8,59,60]

HEE vl o P& 3D AT FAA 1L 7S o] F = AZtE Aotk
753 nlo} & A7tFAL |EAHoZ Silicono] U3 L

33l7] ¥ 3} Passivation HFEES 7|Hlo & st} Wo] 2olal Qe FAL FH
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T 7FA & Bosch process¢} Non Bosch process= g

T ATH60].
&}k Boschehs ol FollA & <

M4, Bosch process & A¥HES

Bosch ol Al 5355 =93 T4 22 Etch ©AI9} Polymer deposition ©7] 2]
B Eg Hlo} & FAE=

= 8% Zlgolth, 19 501 oA B S e nket
o] Silicon 2}Z}2

2 SF¢E ©]&3}al Polymer deposition < C,Fy 5= ©]-83F%]
Zta} ZZ o] T GAE wWfE WHESle] i)

T
A

P

1% 5.1.1 Bosch Process =AFS [61]

ZHzte] whg A S ot 2 [60,61]

) Silicon 417}: SFg 7b Febzvt Aejol A obefsh 2e WAL melth

SF¢+e — SFx +(6-x)F+2e (x=0~5) (5.1.1)
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Si(s) + 4F(g)— SiF4(g) (5.1.2)
2) Polymer 52} CuF ©] Thd & Wh32l S Zhe=t)
CsFg+e— — CsFg+CF,+e (5.1.3)

CF,7} Passivation HYl42to @  HjolZ o] =Wo| Zztyo] =W wpgfo 7
olF A= S JAISHA #Htrk. nCF, — (CF2),. ¢ wk&3 o] carbon’d
polymer®= A% o] %o]7A| == Fo|t}. Etch timeZ} Polymer deposition time7+2]
ARV Etch 271e] ek 4z do] WahA grk mehA, Eich timevh

Aol Qs B W Suo]

Polymer deposition time, < JLTJA]ZFS] =
=0l AA A71A H+=H ol& Scallopeletil F-Et}. Scallop> Hole =Wl

cracke FASHA W & FE-F A A step coverages A SHA| 7| Al €T

a9 5.1.2. Scallop Image [60,61]
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Holt}, Fto|= olE WA|E7] $13l Etch time¥} Polymer deposition timeS 7}s
3 3 #ZA 1A= AR} o)lFA A g
ol 4703 Bosch processe} @7 wWol] 2:o]al li= WOl Steady state

process, TF2 U= Non Bosch processzlil 2= HHo|tH61,62]. Etch$}

Polymer depositions A}-8-3F= Bosch process®} ©2] SF¢oll Passivation & & 3¢
T AT TFEE et sAlel B Fdetal A et Aotk
Silicon 2]Z} Mechanism= 7]3¥-%] © & Bosch Process®} & < 3}t}.
1) Silicon 2}7}: SFe 7} Zet=wl Aol A ofeje} o] v XITh
SFs+e — SFx +(6-x) F+2e (x=0~5) (5.1.1)
Si(s) + 4F(g)— SiF4(g) (5.1.2)

o}7]o]| Passivation &S st HEgEo] HQ3td o]& 93] 0,5 ¥A HWA

[ex]
Silicon®} A atA Hw olge} g wbgAow vehd 4 gk
Si(s) + Ox(g)— SiOx(s) (5.1.4)

E ThE Ao 2 Si(s) + O(g)— SiOs)E e % F
Steady state process®] 7d-9-i= SFe9} 0,9 7} &3H|e} 34| 7]
A ZbebH o] Bko] & e mxvkar dEA vk

&)

25

ol

T
a

A7 7}A] AF 2 Bosch process 2} Steady state process © A3 AFd A o] A

o] 2ol= g4 F &Itk 3 5.1904 Bosch process¢} Steady state process

1 Fe 7k 2 G S vlas] B Qkth Bosch process®] -9 217 FEHY
HHE o w2 AZbgm o] o] Hlw A 43l undercut™ FHA3F o = = Aol

&5



Qlek. olol Hlsl 47k3} o] Wz dojubm o] 8] 7% Es v
Moz e Azt FHe s )

o] &3t scallop= A7 gk AF7F AlSE L

¥ 5.1. BoschProcess 2} Steady state Process(Non-Bosch)?F

F8 b 2 gud

o scallop®] FAE A Hr} HESH

4 9 FdA Bosch process Steady state process
Main etchant gas SF SFe
Passivation gas C4Fg O,, C4Fg, CHF;-
s Profile control Higher etch rate
Lower undercut High PR Selectivity
944 Scallope& Roughness Hard to control profile
Lower etch rate Undercut

Steady state process®] 74 2Z}7F2=Ql SF¢2} Passivation 7F2=%1 O 1} C,Fg©]

sl ZEk=vh AW S ER A ZH57F Bosch process o Wl e} A

NS @5 = A= FHo] il Sidewall angle?] ZFE=o] =A% 7153c)

Z9] 93t undercute] HAEA FH+=
EA7E 9ot etch 1S o8] @AR o] s AY SiFSe 7HAE o
L3l FH-E HEste WY To] o 8HUH63,64].

@ AT Age FAL 472 FHow AAH] 2vht el W

2}
T S 2 Deep contact hole 217} Al A%

K

—
w2
<
=2
)

ARE AL AZelre] AFARE oy i Yelth FA4L 29 3

L= 9oly, 717} Cathoded] &EE -100 °C F FA Lo = 3 prRo| o
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7F AE o] FoiAa Atk 2000t £ SFe W4l HBr, Ch'sell ™igh Etchant
gas 177F ABE wp 9lov we AEER Qs SFe & wAlSA el
Atk WEbA Main Etchant 7F~S tiA|shs Ay Euhs 7S} AR &
 E= H7E ket A rh &Sl oo XAl QI TH60].

Aol digt A5 AHEW FHel 22o]d RIE Etcherell thA|ste] ICP +%
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o W3 TH69-71]. L&Y, SFy0O, Zet=v} 3ol Al Silicon 2 ZF5Ae o gk
27179 Gk tigh B oA 7kA] ol Al gtk E AFe| A= M-ICP
3loll A SFy0, Zet=nte] EAS Au 7] &) profile 52 Walol] th+ &

B

I} 2 o] §o]3t Steady state processE 7|02 A ZFA S-S Zl8stal HE|
HE o]&3 FUE F4%W  (Actinometry)9} o]y %] F2AH(on Energy

Analysis) 55 o|&3te] 4, Adstaizl itk
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5.2 A7z} 7}~ W 27 AAE $I3F Screening Test

—

ol 524-AME A7t~} A7 27 AAHE $3 screening testE A A Sk

AT ARE mehaxk . A

K
=
o
S,
i
1>
N
N
o

e gl 47 sl s,
NF,, CFy, HBr, CL, 5 o]¢] 7b4 42b22 488 4 o dadoz uE
2

9 wolE (TSV) A7t 24 A A 7 wol A8

1 o
Aok dEAow ol AAR¥E 7F2l SFe v F et Z-S At v
A w2zt g AT 5 vk ol ek SF = A 2zl 7]ofst

o oA THAl 217t EAIS Bt} ujgbA, SFe o A3k Al A7 &
A& A3s7] flste] v 7haet E3tste] ARESHA HEd O FRFE v
2 = carbonA| D¢l C,Fs, CiFy =3 A4 Al

o] 3
0, Solth 292 47 284S 93] 43 Wo] AgHE A2RE CF 3 0

N

} iAot} C,Fy & O, 9 Passivation Mechanism ©l] %3S 1| X+= AL A
AT = Polymerdt 7]3e] 2olt}, H ojH] Ao AA A4S E3

W Azbash J1% ewe] gPe] t) Avnng s A4 4z

X

A AztEEe S M= 84 F sl gEHS AAEEE g sy
20mTorrE base® 3} T}

oAH] oA AlE-3 A B E Silicon?¥ ol TEOS d=vl2~= 300nm, 10 um 2}
74 9] contact hole®] A% patternSZ A|2FelA ). 7+ Az 24 H HUF AR
E2x 1.5 em’ A7]2 LASES Cutting 3to] 7] 9ol H-&slic} o] =7+
A7} substrate Si FY] & o] H&EA olHA LT FLUE silicon A
4 2FA| thermal joint compound Type 120 silicon paste (Wakefield Thermal Solution Jil)
E A&t A d'l A7 ZolE SAste] mlaskgla A7t whHe

Hitachi SEM S-5500 SEM “ZH| &S Ap-g-3}o] &1 31T}
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5.2.1 SFg, C4Fs 7}
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15.0kV 9.5mm x35.0k

15.0kV 9.7mm x35.0k

(b)

15.0kV 12.7mm x35.0k

(¢)

a9 5.2.1.0 7|3 25 HAste] g A Hlol &9 o Image

47}

Z71; 25G, 20mTorr, 1250Ws, 300 Wy, 20 SFs, 40 C4 Fy, 903

(@) 15°C ()0 °C  (c) -10°C
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5.2.2 A& A2 SFs, 0, EW7FE A4 A1) A7 54

SFeoll o]® 7t ~Z H7bste] 27+ 73)sls= Zo] =& Profiles EH 3 =
o= welx] Felslr] s ok 52180 CFeS H7FsE 9o ths] oy
A
=

zA0 A4 A4 AW v 4452} 4SS FAT 5 A

by
ol
il
38

B Ao A= Ao A SFF 0, & =33l Profilee] WIS AFsta

15.0kV 13.0mm x9.00k

(d)
Y 5221 FLQ5C)NA SFJO, ¥] Watel mhE e wo} To ww

27+ 2715 25G, 20mTorr, 1250Ws, 300 Wy, 1503
SFs: 0, H] (a) 60:40 (b)50:50 (c) 40:60 (d) 30:70
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FAC

I

}
=

R 5.3 &0l SF/O, W] W3kl uwpE A vjof Fo] A 454

5

217} z71; 20mTorr, 1250Ws, 300 Wy, 1503, 25°C

Gas Ratio (SF¢/O,) E. R. (1m/min) Ratio (x/z)
30:70 0.19 0.616
40 : 60 1.41 0.453
50:50 1.97 0.598
60 : 40 2.20 0.590
2ol M SFeoF 0,0 Egwlel WEtE Fof AA4dds Ay AdxE ¥

13 ¥ 530 JeEhQch 233 FoA B 4 9l ulel o] Azidn

2.2.
Holl A HH SF,/O, Plasma 4-& A] SF¢/C,Fg Plasma 2-& Alol| H|&| A Z}&%

F7reeh o, deelA Az e Aldl vl s AAE E 53 oA

T AXOl 045 ~ 0612 wl§ oF FSE 1T F Ut AT

passivation HfZo] A= SR F ghr]Zte) o AztEErE ARl w7

O

] VSRS dstErkn deld QU] oF AFAAE olF AGe

A

=

=

EEE!

SFy/0, &3 7125 7|8 7722 AAS A 7B EE Ao 7 1 WY

2

A8 AR,
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5.3 SFg, Oy SEf=nuloj|Ae] A E v]olE 27454

o1l 53ANME SF S 0, o EHIFAE ALgle] Ael wlolEe] A5

He sheviaEe gelsng st
5.3.1 AGelAe] AT ok T Az AEAF % 2YPH

T Aol AbgE A "7 AR AR AS xR v 2
d 5311914 & S Q)& vk} o] Bare Silicon 9]¢l PE-TEOS 5000 nm & <
Z+skal 2, 4, 10, 20, 50, 100 um 27 9] 6719 T diameter®] A Mo} =
pattern®] A = o] = Reticles ©]-83}¢] PR Patterning$t $° Hard Mask$!
PE-TEOS®l| w3l 712 2172+S AAJskqlth. 19 5.3.1.2 & Optical scope®ll Al £
Sk Image = 2, 4, 10, 20, 50, 100 pm 72| 6712 Th2 diametere] 2] Hlo}
< pattern®] FAFHO S E F Uvh 19 5313 & AA Mask etchF
Silicon etch?l AFE 2] A7 9] vertical SEM A} o] T} Mask etch s 2F7+9] slope©]
A% 3 silicon recess = 4F nm ZEolth ZF A7 A H HUF AEE 2 x

Cutting &}o] 7] ffo F-2tepdvt. o] =7 AlH 3}

substrate Si 7Fe] 4 o] Y&EtA oFA LT FAF silicon HE HAA

15 cm?> A7|2 dx5e=

thermal joint compound Type 120 silicon paste (Wakefield Thermal Solution jil)E A&

sheint.
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Photoresist

™ Hard Mask 5000nm

(PE-TEOS)

—— Substrate Silicon

a3 5310 H7E A5 Az A mAE

gt Gl A A7) time 2 T Sk 3ol djal] At 118

shgich. olmel 7 AW @ A7 dolg ZAs] Wusdn Az wdwe

N

Hitachi SEM S-5500 SEM HH| & A}-&35to] SHEIT Hb-gA] A== gz
o] HIxE x| Y3 actinometrical OES WH S AM&sk3ith =74 ®H F O,
Are] F=E AEFsY] 2 HE YERIAY. delA gk wRel o)

actinometer 2 Ar gass AF&3 3 A ALE gase] 4.76%%] AFES HAA|7F~

d

i

of &gttt zF gzl #E spdo® ZH7E F (703.7 nm), Ar ( 750.4 nm ) &
AFEEFATE O B o] Z§- 844.6nm ©F 777.4nmol A ] WEH| &S thEA] U
Ui 497F QL 844.6nmell A 9] Ak AA; o17]7F 777.4nm Bk o A gsio}
v wazh Ao, 73]. WA, B AddMe 0 gud R AHAIEE U)F
© 2 777.4nm A 844.6nmz A A3l A S A3l

o
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a9 5.3.1.2 H7HE AJ=9] Patternol| 4] 2] Hole Z7]'H Wl |
( Optical Scope® % 3+ Image= 2, 4, 10, 20, 50, 100 pm diameter2] Contact

holeo] wat4 o=z Gl Ut
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15.0kV 11.2mm x5.00k

% 5.3.1.3 H7HE Al=E9 10um 27 contact holel] 4] 2]

Hard Mask 217} - @™ Image.

5.3.2 SF/0, EetzubolA] 7| BeEe] Azbe) e 3.
o] 53240 += wafer 3t52 7|H =7}
n X = g &l el AvH izt

/] DRIE etcherol]l 4] Silicon 217} A] Sized 3

7ol

H2& % oo

Ho} &

2ol

A Azt e S BT ZHd G
gro] o] FAch ¥ AFeAE 7|ZE AFE M-ICPlA thekst A7) vlo} &
o] TE o s A% HIE Ea] s 1o wE =¥ A g

2 XPSE o] &3l BAstaar stk Azt 278 25G, 20mTorr, 1600Ws, 300
Wg, SFs60 sccm 40 0, 40 scem < 7] 202 7| &£%=5 25 -10,5°C & WA3H
A AeS 235k
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—a— -25°C

—8—-10°C

—&— 5°C

(mwiyw) 93

100

80

60

40

20

Contact hole diameter (xm)

a9 53.2.1 7|95 o}

271, 25G, 20mTorr, 1600Ws, 300 Wy, 60 SFe, 40 O,, 7min.

)

7_l

Al
&

< 7l 2%

g} ut

Aol 7k )

47l

Arrhenius equation 2

T ATH52,53].

1

ag

3Dz ¥

(5.3.1)

1
s

1™, Ep

S

T ol vl
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abstol] tfgk ®a1[74,75]0 A AEl2e] mWHANS Sie A7 & dubHow A
kol 102~103eV F--2] peako] S7I8HAl HEd &=

a} g Bt =, 7|9 2% St weh s As
ol wEbA, 0 ghe e Funkgol A 2=7F & s e As A4 ¢
ATHF 2@tz 0 o)z, 183l lons o] &g 27t A Silicon WA A
ofub= BW whgoln R F gz o gzt k] AAA 2= S

S F ehzel WSS 2 BREEI} webd b neel A A7hEsk 27

4
4

rir
mim

98.4eV bare Si
99.0eV

1022 eV
T

102.8 eV,

98.2 eV i 0°C
98.8 eV
982 eV 102.7 eV
08.8 eVN(?
98.4 eV, 102.8 eV
_ CNC

1 1 1 1
96 98 100 102 104 106

Intensity (arb.)

Binding Energy (eV)

I 5322 7|Hexo e Si A7 A% XPS H4] A IH(Si2p) [75]
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20

Contact hole diameter (/m)

3}

217} %71, 25G, 20mTorr, 1600Ws, 300 W60 SFg, 40 O,, 7min.

=

ks

Hole Size™d H] %

=
=

a9 53.23 7|95 o}

7ol u}

KeR
T

19 5323

713 259

KeR
-

eI W

=9 W37l Atk 10pum size holeol] A -25°C 2] H]

) U Uhebd RS e

%
3|

o W& HlE

T el Apel7k

2~
o A7p4

F

ol

) o]

a9 5324 oA B 4 Q. <k

HsHE

B o]

Alr
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B

&SN F o2 uhgstel o
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j=13=13
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5l Passivation
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7ol 9

B
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s

0

sidewall®] loss
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50KV X2500  10pm

(a) -25°C (b) 5 °C

a9 5324 7|25 whE Hlo} & A7} TH W3l (20 um contact hole)

217} %71; 25G, 20mTorr, 1600Ws, 300 Wg_ 60 SFs, 40 O,, Smin.

dEo] - 25 °C oM Ay A5l FF, Sl 27| undercuts A} slalE
H] LA vertical profileS Ho]=t] H|d| LEZ2] 5°C dA FAH 3 & HA
g A|Zo] 7ol Hard Mask ofl] 248 2 zhe zlole] 12 FE=7F v
A1gE undercute] WA SS 1T = Stk ol g SHAA S A7} profile
o] zfolo] lo] F31A] 2H2ldl7] 93 10 um diameter contact hole ¥} 50 pm
diameter contact hole ° Wil XPS £41& sttt XPS £412 ULVACAL,
PHI 5000 VersaProbe'™ “H] = 1486.6 eV, Al source, pass energy 58.7eV, step 0.05¢V,
time 30ms, 12 scan®. 2 7oAl T A3 e WstE @135 3l ). Tilting 7]

T2 olgstel S99 Polymer ol Wl wMT ¢ lkE 6059 FATOR
17 53259 532694 = 4 A5%°] 10 um diameter contact hole®l] Tt ¢t
BEAANE AW, Si2p peak oA YEFL}SEO] 25 T A B 102.1eV &3]

A 733t peakEs UEIUM, 5 T A2 A2 102.1eV 9] peak #HAslal ofF
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103.60V 29 peak 7 FUHOR F7EYSS BAT F AUk E5 S

sizt ogAtste] Aol wheh 1 RS ARHEt] 2% Bast Yk Liv 5

[761 Si, SO, SiO, S$h0s, S0, FO2 AW AREse] o] F B4 Hudt
L

vl 9lE=d o2 FHarsle] B HEAo| X Si98eV FE, SO 100.5 eV HF-
4

——$i20
-im= §i-0
- ---8i-Ox

Intensity (a.u.)

100 I 102 l 104 I 106
B.E (eV)

a¥ 5325 7|F50] wE XPS 4 A3} /10 um diameter, -25°C

102



----- Si-0
- - --Si-0x
-Si02

Intensity (a.u.)

100 . 102 I 104 I 106
B.E (eV)

a¥ 5.3.2.6 7|50 & XPS ¥4 A3} /10 um diameter, 5°C

¥ 531 7|F250 & A7) A5 XPS 41 23} /10 um diameter,

217} %71; 25G, 20mTorr, 1600Ws, 300 Wg 60 SFs, 40 O,, 7min.

10 pm Reference Temperature.(C) H) 3L
Contact hole BE(eV) 25T 5C
Si,O (Si 1+) 100.5 3.0% - -
Passivation
Si-O (Si 2+) 102.1 88.5% 35.4 %
layer 72,
Si-Ox (Si 3+) Si x&®HW
103.6 8.5% 53.9 %
(1<x<2) YRt 1)
Si =&%d 5
SiO; (Si 4+) 104.7 - 10.66 %
Native Ox 2 ¥ 3
103
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Fob a™eAM = ¢ ko] 25 T Almek 5 T Almeke] Xpsie 7 2
zpoli= Siok 09 Aol glof L =AMl zte]7} ol Aotk 5 T A&
A B 4 o] 103eV ©] A9 peak intensity’} F7}8HS & 4= Utk E& 5.3.1
oAl Si-O 2] 79~ Passivation layerS 2|V|3li= Z OS2 102.1eV 2] peak=
25 T AlmolA 885%5 AHASIY 5 C A Z2t22] AlmedA= 354%5 1HA8)
T} Si-O A3t Passivation layer 93-S sl Ao =2 W, Park®] H 31[75]9}F v}
AR &7t 4SS5 Peak intensity’t A dE A¥E E 4 AT

T3, Si-0x (1 <x<2) AL 25 TollA 85%E HoF TolA 53.9%

(o3

2 S7H AR AT 5 AATE SiOx (1 <x<2) A2 Al 473l

i)

A 8i-0 9+ @] passivation layer?] 93HS- 3l= Aol ofd Zo=w Azt

>
N
N
I

A Fdl Silicon ° 77k Agtoldd Ao] A7 o] Eval XPS 5
| AlZbo] ZAatete Aol A Apdsbsteto] A Ho] AAl XpS 74 %
oAl Si-Ox (1 <x<2) A% ez vepd Aoz wolth vHAel Sio,
A 0% A 10.66%% S7FEITE Si0, F7Fe] oml= A7 Al w=EE
Silicon ©] o AAH oz skstE] o] Si0, & FHAS Wl YEYE peakel 7]
At Aoz FAHET ueba], AA| 27t A] Passivation layer= 7]oJsh= 2§

L Si-0 Agtow & 4 9l

o
N
N

o2
>

oMol = 50 um diameter contact hole®| W3t A 235 17 53273 53.2.8
of Y=t 10 um diameter contact hole®} w}ZF7}A] 2 25 C Al2 & 102.1eV
AN A o2 A peaks WERM, 5 T A Y AlR= oF 103.6eV H-

o] peak Eol AAHoR FUFEINES Fd g AT ® 532 oA
Passivation layer$] Si-O 2] 74-9- (102.1 eV F<2), -25 T A=A 64.8%E A
3t 5 T AR E 39%% 7HA3te] A passivation 52 HAES Fold 4=

QAT o7 Si0, Aol 18.07%= 7}t 10 um diameter contact hole}
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np 7212 Si0, A S A7 Al =E3 Silicon ©] ol 2AH o
2 AkslE o] Si0, 2 HAS Wl YE}E peakE FHHET Si-Ox (1<x<2) 2
o] AT 33.4% oA 42.8% = =7 slgith AA|H oz 5 T A|E9A Si-O

2 o] Fo]Z passivation 5©| FASEAL silicon =% FAHTO TS S0
S AT QoINS AT ol4ka 2 AskE B al A Silicon 47}
ST ERET L L0 ARolY ALUASH & AR Ao

>
oX
o,
)
s
©
o
£
°
L)
1>
)
o
=2
_>,i
r >~
ot
=2
1o
ol
u
o,
oy
=2
e
ot
N
Ll
i)
pa

A G2 AF[77191E SiOxFye] HEj =
7F oy B ENOAE da AR 4 AY, ® 5337 534 oA Hole
ule} 7+o] Carbon (Cls peak)¥} Silicon (Si2p), —L2] L Oxygen (Ols) A &S Ak
o] A& A1} Fluorine(Fls)e] 749 < 0.1% ©l3} 4= A
A 0.3%, 0.6%= V-5 A2 FEom gRlEe AT A% tFE Si, 09

C 5o= olfgxl AYS &9 I A} 7)o Carbon® 74§+ chamber

-

s

wall®] =4 % carbon’d polymer”} 1 7% source= AYZtETh,
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Intensity (a.u.)

98 100 102 104 1086 108
B.E (eV)

I 5327 7|Hexo] w2 XPS #4] A3} /50 um diameter, -25°C

--- $i0
- - --Si-0x
Si-02

Intensity (a.u.)

100 102 104 106
B.E (eV)

a¥ 5.3.2.8 7|50 E XPS ¥4 A3} /50 um diameter, 5°C
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¥ 532 7|#H2%o uE

A zy Azl XPS w4 A3} /50 um diameter,

217y 2715 25G, 20mTorr, 1600Ws, 300 Wy, 60 SFe, 40 O,, Smin.
50 pm Reference Temperature.(C) H) 3L
Contact hole BE(eV) 25C 5C
Si,O (Si 1+) 100.5 1.7 % -
Passivation
Si-O (Si 2+) 102.1 64.8 % 39.0 %
layer 72,
Si-Ox (Si 3+) Si =x&EH
103.6 33.4% 42.8 %
(1<x<2) YRt 1)
Si =S ¥H 3
SiO; (Si 4+) 104.7 - 18.07 %
Native Oxide 2 ¥ 3}

¥ 533 7|d2ko mE A A5 XPS

217} 271; 25G, 20mTorr, 1600Ws, 300 Wg_ 60 SFs, 40 O,, 7min.

10 pm Temperature.(C)
Contact hole 25C 5C
Si2p 23.1% 29.7%
Ols 27.5% 47.1%
F1s <0.1% 0.3%
Cls 49.3% 22.8%
107
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X 534 7|F250 E AP A5 XPS Y4 4 A3} /50 um diameter,

217} 271; 25G, 20mTorr, 1600Ws, 300 Wg_ 60 SFs, 40 O,, 7min.

50 pm Temperature. (C)
Contact hole -25C 5C
Si2p 24.7% 27%
Ols 26.4% 41.2%
F1s <0.1% 0.6%
Cls 48.9% 31.2%

o

)

5.3.3 Contact hole diameterdl] W& 2]z} &x3}2] ¥l

o] 533 AoA= oA AL 25 AZEE2E9E Undercutel] g €

M)

A3} SHA HoleZb 21 Zb&w=xte] el ek zZhE o] 2E5112,75,78-85]% A+

R A

o,
A

H
fz

5.3.3.1 ARDE (Aspect Ratio Dependent Etching) ¢ &Y

e Z& A, AZtE ZlolE BEla o ul ‘B/A’S] H|E Aspect Ratio(F

Fuhekal ek Aspect Ratio”} & -¢-7F 2h2 Aol Wlste] Azp £Herh As)

O

5= @S Aspect Ratio Dependent Etching (F-3H] o]& 217}, &o] A ARDEZ}
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il 3} RIElag 2t B271% o} (28 5.3.3.1)

Mask

¥ 533.1 ARDE (32 RIE Lag) 872 7Id % [75]

% 5.3.3.2% A Deep Silicon 2 7Fe] o2 Z 2.5~ 100 pm= EEpA| W
|% olo] wet tha zpo]rh WAYEHE ®eke] SEM o|mu A E HojZr}

7 o

1>

[78]. Lol = 4= kel & A7I7F gl wel A7 dolrk 54

o PN
= A4S 2 5

B
ol

1% 5.3.3.2 Deep Silicon 217te] 7-5-¢] ARDE7} 4l¢F SEM Image [78]
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HEE A bl A& ohedst 35 71 pattern©] 5L 9 o] EAlst2 = o]
o fst 4471 7% A ARDEZ} ®HASH ok oo A91e ol ez, A4,
H7t pagel A4 2 Sol HEHoR WANE g HEgE Aoln ol

w3t7] 918k o2 mechanism®] A|A]¥ o] 9T} Gottchos[79] Knudsen
Neutral Transport [80], Neutral Shadowing [81], Ion Shadowing [82], Differential
Charging [83] & o] 7FAZ2 A|A]SF AL Abe 5[12]- Incident reactive ion<]
7tAs, neutral species 9F @FU]ZHo] FHA, H|IUA A ANtEE9] FF FoE A

Z3tAth S Hol M= Gottchos[79]9] Aol A A|A|E ARDES] ol tj
& xbeks] A r Al S

5.3.3.2 ARDE ( RIE Lag ) ¢ €%

ARDE®] {191& I 47FA 2 Yy t}[75,79-83]. WA, Kudsen Neutral
Transport®} Neutral Shadowing< Neutral?te] AF o2 dAJE AWste 36
s 7RI
Kudsen Neutral Transport mechanismo]A= Tube X+ Trench T-ZolA
conductance”} 7+A3F= o] ARDES] ¢loleki= o] &%l conductance A4t

o oe 4zt gk,

N [—

C= 3.64AK(T/MP) (5.3.3.1)

$] 2ol CE conductance (I/s), A= 212t 7%9 @A A (em’), K= Clausing

factor (aspect ratio®l A E= 7|5t Ao® AAE = ghelth M, = 272 F4F



o] BAEES YERT 3 [84]0] 9]t KT aspect ratio] S 7kel whEl 7
Al # k. Aspect ratio 5 7Fol ™2} conductance ko] ASHAl HH A ZE o]
sl ¥ 2= ARDEZF A g

THA 2, Neutral showing mechanism< =™ 3} neutral®] Hb-g HE0] 124] AR
o] S7F= pattern©l] 0] 2+ neutralo] A= A o]t} Neutral angular
distribution®] Yo 2 & wvltho] ol2+= AL Fa, SHI vL3= Ao ¢ w
OB & ARDES] ¢<le] #Hrth

M A Z Ton shadowing= 1% 533304 & & & v} o] H| WA &
= &} ion°| Holel 2 Sol& W A o] S *55 3F neutral®] UA}

ZkR e} ol Al frt. AZf zlo] 7} ZlojH 4= lon flux7} 7HAgHe

Ion
Angular
Distribtion Electron

or Neutral
Angular
Distribution

N

L,
®

9 5.3.3.3 Pattern 217} A] solid angle®] 3} [85]

%
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ELECTRONS ELECTRONS

VAN lons Strike
i e Sldowall

a9 5.3.3.4 ¥l 2] ZA] @AYSEE Surface charging [83]

Al 0] += neutral

o

Surface charging< Ion2] A-sol tst o]Eo|t} FHAHS=Z
o] Bfole AH FASR =il ¥ AL Sheathel o3 7}
W ow FHolA Hol atekiek nirel] st k. 29 5334004 &
T Aol v FoE tHdEa SY SRV Fow didEA "k
olo wel S Fo= diHdE FtolA electric field’t A2l Al ¥=d] Aspect
ratio”’} 57}l electric field= Q13| wletHo] =E3}= ion®] 7} Fo]E
Ha AZpEE AA = oy A H

Oro| A A3l mechanismE Fo|A o= s} =7 ARDE &S B5 A

4

H jone HF

w3 == §lt}. Neutral shadowingTJr Knudsen Neutral Transport o] 22 neutral?|
FAUE FAOE lage] Y1S AWl 212, Ton Shadowing?} Differential

Charging ©] 22 in?| &3S THeR AWS st v A3 4=

Argstr] s ol oles HRHo® ot ot
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5.3.3.3 & A3 ARDE ( RIE Lag ) 9 U=

oF 1% 53219 7|H&%o] wWE Hole Size® A 7&% wWslel 19 5322

o
)
oy
ok
=
e
oty
il
T
=)
(9]
3
>,
il
=2
>
Ir
(9]
(e}
=
=)
o
o
o
(@)
Q
=
oo
Q
=
(@)
o
N
X
-
>

100 pm 273 2] contact holedl| A FFAdt= A4S Wt old H|& 25T Al
I} -10C A=A+ 20um 2 7E 2] contact hole H-E 2 7Zt4 %7} saturation %+
AL BAZTh Hole size?t S71EE 4257k 57494 @ e ®
WA F erige) wesEst 0 ghelzel wMgE st A4eke] Hole size W3l
of whg @ AErd & IS FA4 Ko AS gt webA, 5T
F gjr)zo] wkg&w8t O goze] wh3-&%7t 25T, -10T ¢ x40l
Aol 7t gy zte] wbE&Eel Zpolvt vt 27t STbdeE F oghr ] vt
TEHEE Se7tar O dHZe] Agte] 93k Passivation A ojA &= ASE A
ZtE) 5T oA = 10, 20, 50 um 274 2] holeo| A= ¥4 <l ARDE (RIE
AS Bolthrt 100 um 279 contact holeol| Al 2] ZF& w7} 7HAsts AL
Inverse RIE lag®] 7d3Fo|t}. Rangelow 5 A7 wW=w, ARDERIE Lag):
ion/neutral o] H|&o] F A5 WAk, 1 v Eo] A5 499l inverse RIE lag
7} @Ay gktl a1 a1EkQ tH85]. Laisoll 93 silicon 2] Zbol| Al Polymere] 473
A Z¥3} etch A17Fe] =4S %3] ARDE(RIE lag)®} Inverse RIE lags 2}7] 78 &
I ok Bkl TH78]. 100 um 274 9] contact holed| A A Z}& =7t A4S
7AeFS Hol= AL AASHE Ton fluxZ7} A &= Passivation 22 A A 3} 7] ol
T stAY 52 0 grlZol 9% passivation =7 FhH o R =] u
EH=7F Aty = Ad 7IQlsks Aow Helth

7)
AT7HA ) 72 AES Fe =Rt mE AZEEel HeE SHlA

f
)
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1E+0
@ 0kW

relative counts

b) "0 I
0.5kW

relatve counts

3% 54.1 SFe, Ar &3 Zef=vlo| A ] ol 32 [89]

5.4.1 4ol u}& g3k

ol 54.1 Aol FW W o] AZbo] mA = Gkl el v r izt
s}, g2 2ASe 7|2 2702 1A ¢4ES 5, 10,20 mTorr = WAS
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ol Ao A= Source power?] Wslol ME FW WHIE A H A} ST

28 2712 Bias powerE SW= 314 3IaL 42 10 mTorr, 100% CFy, * 2] A 7F2

.

20807 283} Source power:= 200, 300, 400WE W3S Fv 19
A42.12 AH2lE A8ES SEM &4 oln[x]olt}. BlH e A& H|a| A lH
Azl W] 3 Z2HA | AL &A% 4 Atk Source powerdl|] WE EWH
o] ztoli= 719 fle Ae=m KAl ¥ A42204 = 5 kel SAH
AEZE 200, 300, 400Woll Al ZH7] 124°, 124.8°, 122.7° 2 9% §l= AL &
A Atk

XPS A& Fa ;Ao A7 FSHAA Y ztolE FR1EHITt vl A E Al
2ol A% 379 F peakEs 7FA A H iUl 284.6eVe peaki= C-C/C-H 23S,

286.5eV2| peaki= C-O 23, 289.1eVe] peaki= C=0 AFS epAT)
=ohz=nk A2 $d A= Aol F7= A7l Hed CF ¢ CFs 232
2 7Z}7] 291.0eV, 293.0eVe] peak® WEFA Hh A C-CF A%y CF A%
o] Z}7] C-O0 A% C=0 ZF peaksroll A LEFLHA HUh

3E A42.1004 E o = vkel 2ol CF ¢ CFs 239 gl 200W x=710
A 13.6%, 300W Z71olA 14.8%, 400W Z7olME 11.9%= e FAFSH
olu| A2 HolFE SEM A A39l 11.9~14.8% AL CF. 9 CF: 239 xfo]

S WolF: XPS PAANE vgon 2w o] Aol el HEzte] v
E gl A9 98 & F vk

154



3. A. 4.2.1 Source power W 3}ol WE PET A|£.9] XPS Cls peak 4]

Chemical bonds Source power

(binding energy) 200W  300W 400W
C-C (284.6eV) 44.1% 44.4% 46.3%
C-0, C-CF(286.5¢eV) 21.8% 20.1% 21.1%
C=0, CF (289.1eV) 20.5% 20.6% 20.7%
CF2 (291.0eV) 85% 80% 6.9%
CF3(293.0eV) 51%  6.8%  5.0%

b
~
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e

- - -

1% A.4.2.1 Source power ¥3}o| wWE PET A|E9] SEM Azl

@)200W  (b)300W  (c)400 W
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20227 48 A By w2 fA54e dehdle a8y ddAg ol

=
g Aoz nelr) s Aol olg)dt ATE ulE O bias powerel] U)E
T HQ

a9 A43.1 A A Aste] mE PET Al=59 SEM AR

(a)10min (b) 20 min  (¢) 30 min  (d) 40 min
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140 . . - 30

— M- Contact angle (deg.)

~O-Conc. of CF +CF (%) o5
§ 120 |- \ é
S 420 i
@ 100 e
g) o 415 LI.N
z \O#’ o
c sof o J10 %
£ G
| =
o o i5 &
O 6o} O

0

10 20 30 40
Treatment time (min)

Y A4.3.2 AP A7 sk W& PET Al=we] H57F wsle}
CF,, CF; A%< %ol ¥s}

A.4.4 Bias power ¢ 93

Bias powert 0-50W A}o]ollA W3SLE F31 Source powert 200W= 117 g
Fefoll A 10mTorr (1.33 Pa)oll A 20%3F A &]sldey. 27 A4412 Az A
A= ¢t Bias power 5 7F 23k A|52] SEM o|w|A|e|tt. 17 (b)olA =
Aol Bias power OW= A2]gh Alme] A9 22 &k A3 #F2 Ao
EAstY Ay A AlEeE Aol A gl A Se®E EQITh Bias powers
Ao m F7hgtel wel =59 FEY A77F SUbeke Al 1 3HA 9]
A3 oA As B F Advk 1 1149 xo]E AFMe ©|-&ste] 533
A HAFE gel 2471 25WelAl 11.3nm, S0WelA]  16.5nm=  LHERSITE
(19 Ad41 FZx)

I A44.1° YERHE XPS ZAIE= CF, ¢ CF; 239 o]l owollAl 22.7%,
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25Well A 11.3%, 1213l S0Wol Al 8%= YEFRTE  oWellA g Al59] CF,
o} CF; group?] #x3to] 7M & #& BHiSodE HAFZ2 103.511.1°2 7H
S #E B olv FWY AAVVE diHoR o weAds 97
o ZH7F HAY] wWEem Qe
FHe] A7k CF, 9F CF; group®| FX=ghe] W3k, Te]al H57he] Wdhe
bias power 17} AXol| mME JIgS Hol=d, o] PET xHol| 3t ion
A3 DA AAVE = Aow AZEY 48R AaAd 4.33.1)4 %
(4.432)5 o7ld % sd3tA 483 4 ATt =, bias power’} 7] ol A -8-H
ICP FA oM AAw7t S7bstar olol whel Bohm %7 718l ot
ug = kgT,/m; (4.3.3.1)

(714 kg,T,, m; — Z}7] Boltzmann constant, %X}, o] 22 )
oloj A, A= AAAGANA ion flux?] (4.4.3.2)= ThA] Azt HHE,

I; = 0.605 nyuz = 0.605 n, \/kzT./m; (4.43.2)
o714, n, = bulk plasma density ©]T}. wekA], bias power’t & 7Fgte| el Bohm
£57F S7F don flux A= F7FsHAl ®rk B AES &g Az Aol A=
¢l IEDS] =Heo] &7hete] v& Aol =43 B
deks AE HQkTH75,114]. IEDSF fluxd] 545 98] -8 ion energy analyzer
(Impedance Co.) & Ab&3te] SA g AWRE 17 A4437 A444 o HETH
o] A3}= 200 scem Ar, 93 SmTorr(0.67Pa) Z71slolA &H ¥ AI=Z Bias
power’t S 7bgol wel o] ZoUX|FE S WHEtA H AS B 5 Utk
o] YA &3 bi-modal FEIQIH o] = 220X 9] ion ©]-&5A]{FO] rf period
Hop A Hesd 7108 29]. gEe] ooy Ae] FEVF aoyAF%
FA%oR FAAA HArh ¥ Add4edAd B S %] ion flux HEgH

F7ree B

o
X
X

N
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1% A.4.4.1Bias power ¥ 3}ol] w}E PET Al&2] SEM ARZI
(H2ld A= 50k, YA AR+ 100k HlE = #Y)

(2) Original (B)OW  (c)25W  (d)S0W

I~

3. A. 4.4.1 Bias power ®13}ol] W& PET Al=9] HFH7 54 23

RF-bias power, W

(V DC» _V)
Time
0 25 50
(5.6) (66.3) (102.9)

Just after treatment | 103.5+1.1° 115.9+0.6° 80.5+1.2°

After 120 days 104.7+1.6° 148.1+1.9° 149.1£1.0°
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25W 50W

1000 0 250 500 750 1000
nm

‘ Rrms = 11.3 nm Rrms = 16.5 nm

I3 A.4.4.2Bias power ¥3}to] wE PET Al8°] AFMS74 A3}

—=— 100 W

IED (a.u.)

0 50 100 150 200
lon energy (eV)

I3 A.4.4.3 Bias power H3}o| wE [EDQ] W3} [75, 114]
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Normalized ion-
current density (a.u.)
o o o
~ ® ©
T T T

o
[e2]
T

/

100

200

300

Bias power (W)

I3 A.4.4.4 Bias power H 3}

£ jon flux®] W3} [75,114]

¥ A.4.4.2 Bias power W 3}o] mE PET A]E.2] XPS Cls peak 4]

RF-bias power, W

of CF, and CF; groups

Chemical bonds (Ve -V)
(binding energy) 0 25 50
(5.6) (66.3)  (102.9)
C-C (284.6 V) 341% 472%  53.8%
C-CF,C-0 (286.5 V) 266% 225% 222%
C=0,C-F (289.1 eV) 165% 189% 159%
CF, (291.0 eV) 143% 64% 4.8%
CF;5 (293.0eV) 8.4 % 49% 32%
Overall concentration
227% 113% 8.0%
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A.4.5 A7} 7T} u}2 WA 3]8 A (Hydrophobic Recovery)

@ A AT (b 1208 A} F
% A.4.5.1Bias power 17} Zef=nF A 2]E PET Al59 Al Ao m&

Rzt Wg . A 459 1209 A% F =44} ww

H

mpe} HEFZbe] Aol A F Zoz FUISIQIh olyd WA IH
AgL A7 W38t @ CFn (n=2, 3) functional groups ¢ W3l=Z+= A

T Sl= Aot AIZF Ao mE A 3)E dAbe] UdS Lol 7] H)
0, 25, 50W Z71o A Agl® Alge] tial] F714¢ XPS Fls B418 2489t}
a9 A45200A4 Eol= Fls 54 Z¥+= Bias power’t 57Fgol| wel 684.4

eVY peak’} S7Fsh= AS HoAFa Tl 6844 eV HF9 peark 9F A
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Intensity (a.u.)

682 684 686 688 690 692 694
Binding energy (eV)

I3 A.4.5.2 Bias power 3} wWE PET A|=59] FlsXPS 54 23}
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rlr

2 FEYne wsrl $EHA Gk aEARE 29 Ad454004 B S
AT vk} o] 684.4 eV 19 Fls peak’} AlZFH e uwhgl HAaste A
Aast = QlTh 6844 eV Ft9 Fls peak + metal fluoride S+ ionic

fluoridec]] siEH= A& BAME Tl D o AAT115116). AAA

H<Ql Metal fluoride= 7| =ro W3t ion X2 % AFEHHOZE PET
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¥Hol edy o] MASE 4= QS AoR FAHE 4= 9ltl. XPS wide-scan spectra
=

PE e Ul AW 2R ol F5

QA2E = (C, 0, 183 F 5 PET fime.ZHE A2 A EYUgE= wbdA,
Fed] ZA9E 7] Zu=zEE UL Roz Z=AHFT Metal fluoride’} FeZ
E9sta ohd FeFx® Aol Edld Zepznl Z2 A~ Fo| AT F

grba AgstetE B4 AL e Be BE e e vINY 2%

¥ A.4.5.1 Metal fluoride®] B.P.[117]

Bond B.P[°C ]
FeF; > 1000°C (m.p)
FeF, 1100 °C (anhydrous)

FHA THEZL jonic fluoride®]t}. Ionic fluoride®] 743, 4= A Y™ o]
!

A4.55004 B 4 1= vle} o] 686-690 eV (semi-ionic C-F, 685.7 eV, covalent
C-F, 687.3 eV, CF-CF,/CF;, 688.7 eV [116]9] CF, functional groups & A7+ 7}
wel Ao Wyt glov} 6844 eV F-it9] peake] S  WIE HAUH

webA], 6844 eV F-9] peaki= carbon YAy A= AAGE =l

R8s

2

-

=]

E4043%to s Zgt=En FAIAO A Ton bombardmento] 2]d] £&A4E CF
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5[118]< Polymer®] adhesion 74 A& oA ammonia, N, &2F2v)F 59 A
< xH dAFHAel sl XPS B4 Fol ion sputtering® = Polymer
(PVDR)ZHFE CF ZAgS Aoz Aozl free fluorine © o3

HAUSATHH A456 Fx). & HAFPolA ¥EH ionic fluoride™= -FAS

B ARHAN A lonic fluoride®] A4S 98 A=2E CF, BAe £
olesfol ojs) Telzulold AME CF EE Foons o FE EE A4S
F9 9ot Jeo] Tepzel Add wHe wrd H%e) 49 F /A
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71918 Agoln 2 shbis 244 715719 o)l 71915k 4 golth
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lonic fluoride
684.4eV

after 1 day

Intensity (a.u.)

after 1 week

680 682 684 686 688 690 692 694
Binding energy (eV)

I3 A4.5.5 Al 43 12 Ionic fluoride peake] 3}

1% A4.5.6 ‘Free’'F 55
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2 A7 A Al S dobral ] WStel mechanisme B3] 2A; 3Gl
CF, plasma©l| 4] PET filme| U3l Source power, Bias power, *Z|A|ZF & etch
parameter®l] °]3F A7} A THWSEA S A HE A} Sl

Source power®] WE FW | Aol HFZE T xpsoll A= Fol kg zpol A
°f WA CF. ¢} CFs A Fel 200w =xdellA] 13.6%, 300W 2o A]
14.8%, 400W ZZoA = 11.9%= YERS T FAFEE oA & HojF SEM 4
A%} 11.9~14.8% H=°] CF: 9 CFs A%°] Apo]& HoJF= XPS
E o RE & HEZd wX= G A s & T Utk AARE
o] Wgle] wE FHO| Fpol7t HEHAO U HEZ SHAA Z Ao]7t gl
om, XPS #4] Ao M= CF 9 CFs 23] §o] 102 oA 5.8%, 205

d

Z7ANA 13.6%, 30 ZAANAE 11.1%, 405 ZAA 10.5%= YEFST} Bias
powerd]l WSS & A g0l oW 7oA 22 SQF iy 2 Ao #zEHS
ot W AT Fol A Atel7F gl S} Bias powers S 7FgHel wet =

A 2] A7)7F SFekE EAll 1 xbAe] Hak Wejx=d ARM 544

e
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, B A S kol 27 25Well A 11.3nm, 50Wol A 16.5nmE X gl XPS

i)

717y ooz Aol Mg s HE 20S UEEA EEly] Weoes A7t
ek W ARG CF, ¢ CF; group?] HEge] W3}, agla FE79
W8} Bias power Q17F Ao mE S Holi= PET Wl e ion A5
I H@HE AAVE A= Ao®E A, HE5Z Wt 7Pd 2 Bias power ¥

Fl PET A|&2E°lA] Fls peak®] o7} 718 A A7 7 3o
Aol A=A Fls 54 23+ Bias power’t S 7Heol o}
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ABSTRACT

A Study on the Dry Etch Characteristics
of ACL and TSV

in a Magnetized Inductively Coupled Plasma

¢k (Kim Wan-So0)

A7]- 7378 3 8H (Electrical Eng. and Computer Science)
The Graduate School

Seoul National University

The ICP-reactive ion etching (ICP-RIE) system has been widely used in the
semiconductor etching. The main advantages of this configuration are the
simplicity and process stability. Meanwhile, in order to improve the characteristics
of ICP further, the application of an external DC magnetic field was suggested and
studied. It has been reported that the proper application of a magnetic field to the
ICP could improve the power transfer efficiency and stability of the plasma. In
these reports, the differences in plasma densities in M-ICP and ICP systems were
investigated and explained by differences arise from the plasma heating
mechanism. The heating by the deeply penetrating R-wave increased the density in
the M-ICP system significantly compared to that in the ICP system where the
inductive heating takes place in the shallow sheath layer. As a result, an increased

oxide etching rate was reported in M-ICP. However, few studies have focused on
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the effect of the magnetic field on ACL patterning and silicon via etching. In a new
approach to analyzing the etching characteristics in M-ICP, we examined the
effects of a magnetic field on the ACL patterning in terms of physical etching
characteristics and the TSV etching in terms of chemical and physical etching

characteristics were investigated.

In recent years, double patterning technology (DPT) and spacer patterning
technology (SPT) have been widely used in the semiconductor fabrication. Among
the key requirements for ACL to be adopted as a sacrificial hard mask in the
patterning technology during the plasma processes, profile control with changing
parameters is essential. In this research, the physical etching characteristics of
ACL pattern in magnetized, inductively coupled Ar plasma along with IED results
were presented. The RF-source power, RF-bias power, and pressure were varied to
observe the difference in etching characteristics. The results are discussed in terms
of the change in the etched profile and the etching rate. The ion energy
distribution and ion flux in Ar plasma were measured to understand the
differences in etching behavior.

The etching rate in the M-ICP was 1.7 times faster than that in the ICP. It was
found that the ion flux in the M-ICP was 44% higher than that in the ICP, which
makes the etching rate of ACL in M-ICP higher even though the ion energy level in

M-ICP was rather low compared to that in ICP.

The density of integrated circuits has been continuously increasing with the

success of realizing ever-decreasing design rules. But the simple approach to
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increase the integration density through minimizing the physical size of
conventional 2 dimensional structures is expected soon to be facing the limit. In
this regard, various methods such as employing the 3D device or stacked structure
have been suggested to overcome these limits and the TSV process is needed to
use one of these methods. In this research, the effect of a magnetic field on the
silicon etching characteristics in M-ICP system is investigated and compared with
those in ordinary, plain ICP system, in a SF¢/O, plasma. The results are discussed
in terms of the change in etched profile and etching rate, along with the density of
radicals in the SF¢/O, plasma, measured by actinometry method. In addition, the
ion energy distribution and flux in Ar plasma were measured to understand the
differences in etching behavior. The effects of a magnetic field on the silicon via
hole etching characteristics in a magnetized, inductively coupled SF¢/O, plasma
system were reported and compared with those in an ICP system. The SF¢/O, gas
mixture ratios and pressure were varied to observe the difference in etching
characteristics. In M-ICP, radicals and ion species were significantly generated and
those contributed to increase the etching rate in both direction. Lowering pressure
at optimal ratio of SF¢/O, gas mixture was effective to control lateral etching and

high etching rate with good anisotropy in TSV could be achieved in M-ICP.

Independent control of ion energy and flux can be achieved by varying the low
RF-bias power. Surface roughness is one of the main factors for hydrophobicity
and ion bombardment control determines the degree of surface roughness.
Although ions generated in CF4 plasma are known to affect the properties of

polymer surface, few studies have focused on the effect of ion energy, controlled

184



independently by varying the RF-bias power, on the morphological properties and
chemical bond structures of polymers. In this paper, we examined the effects of
varying RF-bias power in an inductively coupled CF,; plasma on the nanoscale
morphology and chemical structure of polyethylene terephthalate (PET) surface.
We investigated the effects of RF-bias power application in an inductively
coupled, pure CF4 plasma on the nanoscale morphology and chemical bond
structure of polyethylene terephthalate (PET) surfaces. Ion bombardment on the
PET surface during the CF4 plasma leads not only to an increase in the surface
roughness, but also to the introduction of CFn (n=2, 3) functional groups and other
F-related bonds. The increase in plasma temperature with increasing bias power
near the substrate affected both the ion energy distribution and current density,
which lead to the increase in surface roughness and the reduction in CFn (n=2, 3)
functional groups. Also observed was the long-time (days) hydrophobic recovery
of the PET surfaces following treatment in the CF4 plasma under various RF-bias
powers. It was found that ion bombardment of the surface generates ionic fluoride
bonds by breaking CFn (n=1, 2, 3) groups, which makes the surface less
hydrophobic soon after plasma treatment. XPS results indicated that the
spontaneous transformation to a highly hydrophobic surface is accompanied by a

decrease in the ionic fluoride content on the PET surface

Keywords: Magnetized plasma, Plasma etching. TSV (Through Silicon Via), ACL
(Amorphous Carbon Layer), lon Energy Analyzer, Optical Emission Spectroscopy
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