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A=
T

ng X 4y Eoxe W o

>

o

=2

off ML 0% g &
=
oft
2
N
N
A
1o
o2
ful
3

o 2

Pt

tlo r|r

r9 ox

> N

off

T of
>

ic
\“ﬂo

=

AC)

(non-thermal treatment)Z

o
T 7] AA=EE 7HH F2E89 3] (aspect ratio)(FolE %o T
THE7 4. 9Y FHE w2 T3 F2E 7AA B dA-E 4 dojA AHE vt A%
Eo], W g (surface tension)o] 7] F2E FAE HFAY. Fe T3] F2EL2 FAF<
e woh orgsitt. Ed JAY el 7Y BAL o]Y Ho oA, 2 Ho gk =
B £ 72t FRES aRFoR AT ¢ e Yo 9, =& FIv| 9 ety =y ZZo|
_ - -

glo] Zide dEdE @4 = vk, webd, Jfdstd =
]

N

2ol e FHuo] o|Eax

2

HON
i

o o
ik
M
:(?1:1‘
e

[\

NI
o
&
r_u

2 HE AWAL S ke A AT b & Ak, B8, AE AWNE FAAND
EehiEsl w8 93 (feature) 2 714 Afole] Fzbe] FHE bsA @ Bk ok

(2 Sof, ce@ IS FHY 5 oA Sk webd], 23 Fejeld], ol
™

oo
rlo
]

2
>
rir 0
12
e
-
oft
X
[
'
(m ®
il
rlo
o,
=
o
N
o
ol
(K
I
h=)
R
=
=
T
o
=
o
Z
N
N
12
o
S
S
=
ol
ol
(K
I
h=)
R
w
S
=
2
e
ol
-
i)
1 >{,

A 50nm(FZ-3 %] 25nm) o]k, F7+e] FEfelA = oF 3dnm(SFZ-I X 17nm) olatd F vk, FX|
= A7A(design)oll 2l&l H7M= a1 FAF A} #n] 74 (scanning electron microscopy, SEM)o.Z, o& £
b olu]# (top-down image)Z AT F v}, EYolA AEFE wle} o], IX&= FIF F7](spatial
period) & AA3AY, v % FAl(element)d] $4 o T4 7 (center—to-center distance)E AT
T AL, dirdow GyAel AREEE Bkel o], stE-m A= 1A Hwtolrt. #He] A ¢ wgh
Ao Hy 3 Bste] AHE £ el olv dwkdoe® 3y o o HriEd. S, dAE AR
FAEE AAsL/7v AR FAE Ateld] Aes AT = dvk. 2R FefolA, Fd FL oF 25mm ©]3,
.

3
F7bel el At oF 20m oI, F7b FEAAE o lomm oIt & Ak, Wit AE AW/E oF 5m o
= ok
— -

- 2
-

P el A= oF 4.5mm o]st, F7FS] FHjell A= °F 2.5mm WA dmm¥ F Avk. AF AT Gk HA
A% (mean line-width) & 25H 30 HAXE =Fs =S F-th(top-down) SEM oH|A] #4082 gy, A7)
Bad 173 @ AT AAV|E BT EFsted, 5 &S A3 dol(correlation length) 2 71 Aa Aol
g 47 g3t f7] AARES AE AR FE I GE dolg BEHLoRE e Wk, B Iy f7]
% AW B A49e #S AT dolE urkdith. sE HAlF Wl SloA, ol T4 sk &S A 7
A717F &3t (smoothing)d F glol, Hth & Agre S AT, GFAe] ZIees 7] BA14 3
A el A 2=, Hat & 2 AE AT F7F Ao agEa, ol 2 2o Wy W sive s 04
g Zlo|th. ojeigk Whel 7|xste, HEHYS dvrHoR RiE dEHY IS S A FA IR Ze o
et Fxo] FAo| AL EMAAY EE OE 4849 22 Ads] A5d xRS 84T F U

glolm ~FE(wafer throughput)< LA 4 (high volume) WF=A] Azl Ae] EWV glaadv]e] +3S S A
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[0102]

[0103]

[0104]
[0105]
[0106]
[0107]
[0108]

[0109]

[0110]
[0111]

[0112]

[0113]

[0114]

[0115]

SS=50dl 10-2708400

AH o Al Arpela, A~Ae] vAE A=y Fad MEy AFHgor Ao gtk L, o]
vy A= (imaging dose)& FAAl717] 913l s}sh o] EAjsts WHH, E3 I X (target feature)E <A35)
= b 283 ojuy MF(imaging dose) T (LWRY 22) I A7) 7¥Ad Atele] F4A4Q 37| (negative

2]
correlation)”} 50nm W ¥Fe] 3 7] (feature size) B FHX|o|A] EIV XEHA|=E] 3] T&54o2 #2y
w, ole] o) HF FR 22 D ol FE&E AT & Jdvk. 2oy, 24 A5A, dAFA &
A g FEHXNZE AFLS o] AgS FHatar glow, AFd A% el ZA LiRe F+4 F7F glo]
EUV olw|d M%E 7raAZ o vk, 87 AAdel] AAs] vEbd wkel o] mw 9 wjo]F] whA <t
RSnX @t @7 7Hal e SnXy o] ENEE X Eete ATA §98 o] &g =N, FAMSE 25k AEE o
duZteEdlE F71FA SAlelE slo]EFAlolE SRHEE('839 &9l 7" wiel o] Ax)e] EFEERF
B frd EEHAZE Ao Hls] F7e] T U W2 LIRY 30% o] 7HAa® dFe] et

A
dE 5o, W& wet §7] vi=A 5

Ay ZHL oF 8mI/er WA F 25m)/cne] A& (dose) S ©]&3ke] oF dnm o] &t A E 71%1712 EAS 16nm4 i
A AFE 24T 4 Ak, SuMIT 4 AZE O (EWV Technology Corporation)E AF&3}le] SEM o] w|x| =3
H dAZ=E A X5 H AEF AAV(LR)E F=3H3U .

) Fejel A, A HEY THS oy AY M gh(dose-to-gel value) o2 XFFE 4 v, 7|9, &
HE SAbolm Flo|=EAlo|=E ¥ el WA }Aj U AEe 2 TEReEe Gedd

6.125mJ /crt o]aF, F7ke] FeEjellAl= o
Al el o A AT gt

Aol Fx= =108):

~

s
Kl
A

1) Maeng, W. J.; Pak, S. J.; Kim, H. J. Vac. Sci. Tech B. 2006, 24, 2276.

2) Rodriguez-Reyes, J. C. F.; Teplyakov, A. V. J. Appl. Phys. 2008, 104, 084907.
3) Leskela, M.; Ritala, M. Thin Solid Films 2002, 409, 138.

4) Leskela, M.; Ritala, M. J. Phys. IV 1999, 9, Pr8-852.

5) Atagi, L. M.; Hoffman, D. M.; Liu, J. R.; Zheng, Z.; Chu, W. K.; Rubiano, R. R.; Springer, R. W.;
Smith, D. C. Chem. Mater. 1994, 6, 360

A e

Al 1 - FR EReEE A dTAe] Az

2 AN {754 SAlolE sfo|=EFAtol=e] WS YASHY] $13 @ heaslel] Adek {154 o
= e g sk Foln

Ao Fx=E =9%F & (Hanssgen, D.; Puff, H.; Beckerman, N. J. Organomet. Chem. 1985, 293, 191)°l
Baug W g AFAQ tert-5F2 1j/]’\(‘:]‘31]‘510}‘3]---))2“(BuSn(NEtz)s, olst P-1& A3, H
gty A(gogolu]2))FA 2 tBuli A oS Alzmb-2= @] %] (Signa-Aldrich) 258 Fdte] 371 AA] §lo]
AFEEGITE. AlFES —‘:F—’F (A av-L =g R]) T -78TAA steEE2 Jo=z HkSAFHY. HHd ZF
o= AE At AAS L, WAPAES ioR AFHS oS, &ulE JFst AASATG. = AHES I

&3H95Col A 2F 0.3 Torr)ol THAIZ L}

30mL = ukAl f-2] wlolde] 1.177g(3.0mmol) 2] P-18 &3 o} ¥ 4-wE2-HEekS(3A XA A 2424]3F
Ax) 16nLE #H7bste Ar o3 228 dhxoi £d& A3k, 7] vlo]d-E& g5t
25 ghS T8 Ao ¢ 4wy -2-HERS 2 858 FR F 18FRE AT}

AFAQ o) xzza Egx(dugolu £)34 (Pron(Ney)s, ©3F P-2)S B34 ulr]ste] FAsL, oo
EFao] &3AA HUA2E HATA fAS AAETE. of=2 L Flo, 1L €@ A (Schlenk-adapted) A Zgp~
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Fell
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10-2708400
A7

2~

=

=
T

5}

o

4

s

EEE@.I
S/
it

D& &
7b 2 7] el

A
=1

=
(50 WA 52C, 1.4mmHg)

Slell A
Zj].ol—

%
=
=

= aL
=

AH(700mL, A]ZPp-2E g
[e)

=i

&l
toll AlAskaL, A

(=1
T

=i
SFATH. CeDs &

o

2A]

o~
T

=

3=
=
=

PrSnCl.:

i

& 75%)

h A (110g,

78CE WAI7)a,
!

= -
o}3
=B

PrSnCl4(134.3g, 0.5mol, AU ~E(Gelest))

Aol LiNMe,(81.75g, 1.6mol, Al 1mf-2=g]x])

g
Fatol

i

_N(CHS)Z; d 1.26ppm,

2.82ppm,

H &9 (s,

1

Zd

&

_~
o

U
[¢]

ZgH) &

BBO

Bruker DPX-400(400MHz,

ge
Flct.

L
[
c}.

Sn
3]

119

oA gl Alx

. —65.4ppmol| A2 14}k
(SOL-2)

PrSn(NMey)soll o

i

o 0.662g(2.25mmol)2] P-2&

[e]

.

o}

=

9 52 ol
15mL

=

-CHs; m, 1.60ppm, —CH)
Al

30mL =

[0116]

o]

]

X
plp

s

|

=4

[
=

BT
oo

-
N

[e)

& H7hatol

)

N

|

7

Ao A 244 7

=]
RLN

o ¢ EFAGA

oo

oJofA,

ju

a
=

=

7] ofu

18

[e]
pil

3

Al(ellipsometry)

i
=]
RN

&

S

B}

=

=

F(hot plate) ZdolA]l wWlo]Z]A]A
7

ol g3to] 7] ol Aol 34nm

hvd

=

713& 170Co A 2

[e=]
=

==
5

ul
=

sttt 4-vg-2-3

[e)

e

S

gtglow
el st 2]

A

7] =

=

. o]o1A,

4 EUV dE] gl <
o] o]

o)
T

=

h=i]
tholZ = 2 0.3 9 7l (numerical aperture)

A )4 212 (HMDS)

=1

&

=219 A WkALA (Lawrence Berkeley National Laboratory Micro Exposure Tool)ol =A% Th.
o] 7] (PEB) A AT},

2ol

=,
NN
=

-

qul

=
7

o

7]
13.5nm 3-3He] HRALA

Tl

A7) <]

A1 S Apel

[0117]
[0118]
[0119]
[0120]

Zb= 56mJ/

el
=

72 2.6nme] ALFE LR

ofp

Mo

7] #F 150CelA H

arf®] EUV Aol A 4-we-2

Ho

k)
i.
~

B

o %
o]_/,g

2

HA Al

3Tk, EUV
35
e

[e)

o

g

7N

1o

sfol=Satol =g )

o

;._'U'
[<)

=

1 EUV A2Fo] 1.38 WA 37.99mJ/cm

SA}o]

o] A% oelo]E FAlal
5

2

OmJ/cm oA A

=

g
of g A

&
ok
-

S

=

i
_24_

500/m®1 5070 2]

1l

A

sk} Z17}o] 7]

ok
=X

S
AT

3

Q

°|-8

B2 RE 9 P-1 MAE(cast)EZHEH AZHE 34nm ¥ X9 16.7nm A 2E &<l

=

=

J

=

uhs} gol,

L
L

Al-g gkt

3

[e)

b

=

=

=
=

7

=

Fo] slol sl Akl A73o]

o]

2

15.8mJ/cm o] =&

st

[e)
(exponential) 7% A

af <]

Q

3]

o~
T

o]

o

s J. A. Woollam M-2000 3 E}

A

=
O

pal

o] SEM o]~
g

.

&

KR
o

[0122]
[0123]
[0124]

[0121]



[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

S=50ol 10-2708400

segF eg2zgo=(PronCly, AHAE) 6.5¢(24mol)S 0.5M NaOH(Z:4) 150nLol] Z2s] mubab A

AESHA H7kstel Ades SA AR oaxeAFA EfFEdte|n 1A Jteddes Axst

ATk AAAE EFES AL 1A T wRkek v, No. 1 o334 (Fhatman) & &3 &9 osiaivt. B

fre AAS Dol of 2omLA o= 33] AHI v E(eF 5 Torr) dholl A2olA 124)3F St A2 2t
u

4
AxE Bdol ¢4 H£2(18.04% C, 3.76% H, 1.38% Cl; Microanalysis, Inc.; Wilmington, DE)& o]AX =&
T4 EE2go|=Y JhpEs] Al FRF0)E o] o] A AAES vEhla gl vtrEslE A
iPrSrlO(:a/z—(x/z»(OH)X(047]"1, x= oF D(°]3t P-3)& YEFATHCH0,Sn0 gk Ak 18.50% C, 4.14% H

0.00% C1).

A7) AzE BOS 2-REeklo] ok 0.25)M¢9 & Sn FEE RIAAA 1A IEAE iPrSnO@/;;,(X/z))(OH)XQ Lo

S Alzskdek. oA 71AIgE vpeh o] P-2 1.47g(5.0mmol) S 4-vE-2-A kS 10mLoﬂ H7bsto] F= 4-vE-2-
e F P2 FAS AU}, 217k §US 25m X 25mn Si Aol o] ~d msto M Wk A
g3k, 471 P-2 &8 2000rpm o2 FPHE whE, P-3 &S 1260rpno® WS Y §, 4 AE
& 71 T 150TelA 2% S Wol AR, & P29} ubgEte] dEAto|lE 2REE AT 4 AL,
ofe] Ff-dFAtoln ETF P, oJAL FUIR JhedaiE ol 7] SARelE Slo|EE:Alo|lE 2 wE
A= Aoz welr),

A7) F e "Ee Fao] W3 Aol (Fourier Transform Infrard, FTIR) F3 =HEHS )

= = @
(background) &2 #|of(bare) 7]3& o]8&3t Nicolet 6700 w&FAZ FH3tct. 7] F A AF dist
NiEAQ ~FER(E 8)2 HAAoZ ul§ FAlete] F A9 EFoA P-2 §Ho2HE ] olu|E/gd A4 g
tEo] AAAR] JhEEs] @ AlA, V] KAl Jlo]EEALo| = FAS AJAgTE. 53], 2800 WX

3000cm % 1100 WA 1500em o GG A FAste] T BE Aole] A CH 2HE W ohjeh 2AA
91 C-N Fo) BAE vhehact,

e 4 - HEeT|A-vdzlopn| e = —tert-F54 FA SRS o] &3 JppRal Mg Ao Al

WoANdE A WY =Yool O A Wy elziEel SeRE AdE AFe] A% 23
2 J

AAld 1 71AE vkef o] tert-FE E|a(td o)A S AT, HEZI|A(Yudolu ) F
2 (Sn(NMey),, FW = 295.01)& Alan-d=g x| 25 t

FA (V) tert-F-SAH0]=(Sn(0)'Bu),, FW = 411.16, o3} P-5)& 24| #x2 w=90¥ £ (Hanpden-Smith et

Canadian Journal of Chemistry, 1991, 69, 121)9] W t}&o] A Z3A 1, A3FA154(152g/0.8mol)
L) S A7) wghabrl gEd e dxe 3L A Zehade] kst dARE HAAZT. A odE
Zh= 1L 4E-53) #7F Zwr]el goldoelwl(402ml/3.9mol) % EH(600nL) S TS thE ”7] s
ZA7)aL o] FekaaE W& FAAl STk, o]olA, ofnl gols AHTiste] Ry FFTF A

Ay, ofwl HrtE gmshd, Me(50mL) F9 2—‘31]%—2—&?1* £(290g/3.9mo1) & 747 # P Zf 7]
A7vste] A7) EEkAol A7bsielth. 18A17F S wRkek & ] £¥EE T8 2R (fritted) ZE
ZotaTe &7)5, FAHE S AAAY. AYstlA &ulE AASE, X FES FHRINATMAE =

T

orr). H NMR(CDs): 1.45 ppm(s);  Sn NMR(CeDs): -371.4ppm(s).

>It AO_L

—

P-1('BuSn(NEt,)s. ©]3} S-1), P-4(Sn(NMey)s, ©]3} $-2) P-5(Sn(0'Bu)s, ©ld} $-3)¢] ~%= &
st SRHES MEsE S3 7 4—13%1%—2 HWEHE(4A EAAAA 2427F Ax2)S FFete MNE Feh~Td

&7 Azt olojA], F7HY] F4 4-wd-2-ARkES HUEste] Y] &4 0.25M(Sn) 9 HF sEE 34
3Tt

o

o
A A ) B

oz R g/ Ertolotola W&ol A 9l 250mLe] WE-ES et
ol A mRkslH A 41ge] P-1& AEdkE F8 A7) FeksAel F9dst

t - - -
BuSn(NEt); #H S &3 F, 47 £

FA FHAAE 2] ank FYHE

o] F7te] &5 & S-45 Azl

Fhots Benas 7] WA AARD Yoo musEs

N

o
o



[0133]

[0134]

[0135]

[0136]

[0137]

[0138]

[0139]

SS=50dl 10-2708400

28 8 50C7 HA shar, &

ohoololA], 4] EFERS s Teknas 4 U
A Torr)old w2 AASGY. HEA

o
©9o] 51 WA Fe4Q
Lol SaA7Ac 448 Soe, ) S % Sn0,2e) wF A

1.
G aps) Fo A7) §oe) 7 WS JEOR, 0,007 B FEE e Hom S4H,

=}
Fl

il

S-13F S22 0.5:1 2 9:19] &Au| g2 Eggto g AFA =¥ &9 (S-a, CS-b & (S-cZ A =3}
o] A7) E3EA Omole%(a), 10mole%(b) Z 20mole%(c)e] Sn & H=7F Sn(NL,),Z5E F=d I8 g
AT, olojA, 7] ENS AW FE Ao 4-dE-2-AEeES o] 83te] 0.070M(F Sn)E A5, d
E 59, 200mLe] CS-bE A|Z3F7] 98], Sn(NM)4(S-2)ZFH AxH =5 £ 5.6nLF tBuSn(NEtz)s(S—l)il‘%
B Alzd &9 50.4nLol| A7Fsta, AHs] £, T4 4-vE-2-HELSS o] & = &4 200mLE 3|4
sttt ATA mE f9 ) FE W 2AEO QokS ¥ 20 A AEt.
25 g §-49} ~E 8ol §-2 " §-3& -3 fHuE g3tsto g WA ZH &9 (S-e A CS-hE A
z3ke], 10mole% 2 20mole%?] Sn % ¥%=7}F Sn(NMy) 2 HE](Z2F CS-e 2 CS-fol] a19) 2 Sn(0Bu) 4HE (2
7} CS-g ¥ CS-hell %) FEv=s stal, 4 4-vEg-2-dAeeS o]&sle 343t ~5 &8 S48 F
Z 4-WE-2-HEFL S o]L3le] Sn HE FE 0.0420%2 FA FAsle] AFA] ZE LN (S-dE A ZEFGL. A
24, 72.6mLY S-4¢F 7.04nLe] S-3& EIFEla F 4-WE-2-HEFL-S o] &3] = &3 200mLE 3 A5}
200mLe] A A =¥ £9d (S-eE A X3S}

=z 2
HPH | BuSn | =& | spNMe) E | Sn(OBu) 2
agey | Z5 | BUOD | sl o]
2 Sn mol% Sn mol%
a 1 0.070 0 0
b 1 0.070 10 0
c 1 0.070 20 0
d 4 0.042 0 0
e 4 0.044 10 0
f 4 0.044 20 0
g 4 0.044 0 10
b 4 0.044 0 20

AuZtpitslE t-FE 74 KAlo|= sto|=FAle|E IR ES Frehs HEE 48 durieEsE -
22W F4 SAlS selEEAel AppaEe] sd-o-AEE gold Edeu, ANE B 839
ol 71AE nke} o] &5 LulE o] Rate] 0.03M(Sn) & F|A st ATA =B & (S-S AxETE. A
AAE BN PronOg/s (/) (0N, 7HEEaNE T BuSnOw s o) (OH), 7HrialEe] 2=z EA45E 5, o)A

BUSHO(s/z w20 F-E2 Snel F 55 7|22 40%°]t}.

A 5 - Aee Awe] WAL WGy eRhEg g zAd

B AAdlE A a0] F)AE e} o] Alxd T golo] o) B4 =R Aedel @ AvzA
g gl Al g AAE A FER

BuSn(NEt,), 0 20 E] Azg, AR 38 golo] A= Sn(NMey), = Sn(0Bu) 2R Ax® AA e 4=1

Blo] A7A 7Y §AORRE tert-FE FAH SAp|S SolmBAtels EEAAAE BEL SHSAL. BV
FEGAE A dia Wete A9 Salols TV 2 A dolw (474 100m) Aol FAAAG. F



[0140]

[0141]

[0142]

[0143]

SS=541 10-2708400

Aol A7) Si floldE AL el (MDS) Z7] Zepelow Aelatdrt. BuSn(NEt,) o 25E F 19 ARk
o wet AzxH AFA ZE €N (CS-a, CS-b ¥ CS-c(0.070M Sn)2} Omole%, 10mole% Z 20mole%] Sn(NMe,). =
F7] Fo 1500rpme. 2 A7) Si 71 A3 =¥, 100CoHA 28 5 37 F g3 AoA] o] AAA 2
F 2l & A JheEs AEES AASYY. 8 2 #o)F] Fo 2F FAE e (ellipsometry)E
=

s =4k eF 25 WA 28mm3it,

d

500me] 50709 98 sj=9o] A3 oj#o]= Lawrence Berkeley National Laboratory Micro Exposure
83te] EVZ oz Z47ke] gloln Ao wZEAZATH. = w=F A 7FE A4 (exponential) 7% THAE o]
g3lo] 7hzbe] weo] e A9® EWV Aol 1.38 WA 37.99m)/cn o] X% 2AdAT. wF T, slo]HE
S wolF (PEB)A AT, oA, &% A& 16% 5 2-7

F7F 16% F<t Algste] diZbEE & 3 |
Z 150CAA FHE 59 E3t wolHS Fadsditt. 47 =

rir

& (Mack, C. Fundamental Principles of Optical Lithography, John Wiley & Sons, Chichester, U.K; pp
271-272, 2007)°) we} Ak ¢l

Zzte] AA2E DR hF AF A= AL o 004 Al A Dol ] weSHE vhsh g, A

7]
A ARES =5 A BAEE UZHE R B FESEES gl qAg k. Sn(Ney), ol 68k A4 52

S
2 Frhstne, A4 % WEE st Bad dee st Aow Wits paw.

BV 270, 2 A4 =) & (S-d, CS-e B CS-f2%E A" tert-FE F4 FAlo|= glo|=FAtol=
EEAGAAE 55 AHEdt] usidE BA-04 dEs FAEH Addsigith. Al SAtel= WS e A

212 o5 (H 74 300mm)S =7Fe] ¥w Ag glo] v)woem ARatt. 9o 71AE wksh o] BuSn(NEts)s o

=]

ZHE AZE T Omoleh, 10mole% Fi 20mole®] Sn % H%7b Sn(N), Ei= Sn(0Bu),ZHE S8 474
8 £ (S-d WA CS-h #wk ofvyeg} CS-iE &7] FoA] 1000rpm H+& 1500rpme 2 Si 7]% Ao ~¥-3¢
kAL, 100ColA 23 B9 T7] & A3 AollA oA H ).

=}

A7) ZEE 7|3 tholE 60x =W % 0.339] JNFS(numerical aperture)E 2ZEE NXE:3300B EUV AU E
AREBEe] FAFeA AR wE: AT, 2% & 7] ZEE dold ol 3dnm FAE 17nm #Ql HHS FAL
stal 100Col Al 28 = wlo]%] (post-apply bake, PAB)AIFTE. olojA], wZFdH dA~E LF L 7|#E 170T
oA 2% B F7] T ¥ AdelA PEBAZTE. ololA, kEFH HFES w4 163 St @4 v,
A AHAR F7F 163 §A AFst dIZtE R E oA &

g gsged, 5 4 29 veE PRe
AASNG . B Fol B/ F 50T AE 53] A ol P FANAL. £ 11 tert-Fd T4 S}

o, &

o= solEEaels dAsE BFoRNH AYE A

H OGAZE e SEM oJuAE e
‘BuSn(NEt,)s(CS-d), 2 10mole% T 20mole%] Sn & F%7F Sn(NMey), 5] (27} (S-e 2 (S-fo] afe) wi=
Sn(0'Bu), 256 (747} CS-g 2 CS-hel alw) Az® A7A =8 fdogHEe 7 B2 AAEd gjsh ofux

A, GAA Ag B AF ARTE Bt v, 7] d7A 28 &l H7HE SnXy 7ol F7HEel

upe} ojuly Mol FAEE FoR FEHEUTE. lémme] IA XFE DSV Bk olwy MBS HFA
Y g d XK 28y Aagd 2 E9 A4k LR dis) ZEHst & 120 veERE. v A=
AZ AAZI(LWR) 2] 42l F7kgle] CS-idl Hl8] (S-e 2 CS-f2HE MA2yd "2 A9 "3 ojny
AeFo]l 30% ol FAFA, oA durigEslE £3dE 4 = AAd 2R Fad A 2 oEd
A3} LIR Atole] g5 o= 2 934 (inverse relationship)® (A3 o] A3) F83F $-3]US 7l
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[0144]

[0145]

[0146]

[0147]

[0148]

[0149]

[0150]

[0151]

SS=50dl 10-2708400

71

=3
ANl 6
tert-5-g 2 wg AR 97k E7tE EFER Az ZEdd o dEd A5S Frhe.

TAHo®, ‘BuSnXs L MeSnXs BHIES =3 AzH  BuSnOus.

59
i
_OL
rlr
rN
-
2l
oo
12
o
e
o
N
)
4
Mo
:oé
[

x/2)) (0D 2F MeSnOcs/o-(x/2), (1), 8] &3H&ES X 3=

werl A A7A o Az, BE =9 L daads Y5 29

¢
o
N
N
>
J}O
_|_,
o
iyl
ol
o
iyl
HU
S
=z
&

E XEYAXE IF9

MeSn(0'Bu)(FW = 353.1, ©]8F P-6)2 MeSnCl,( e ~E) o 2HE tho3} o] A, A7} Z2u7] 2 =7
WHkRLS B2 9 B AZE RBFo| e 5 0.8M MeSnCl,S ATt HE o2 WziAg)e FoF, dAg F9
olfl 4= (.S 7] H7F Z2urlE Fal Ateivh. 7 ghREw, #ge] 3.25:1(84)=
g 4F& Hrbstal, o] §9& *‘%011*1 30+ EO& AEFTE. o]oj A, 7] Wt
s i

= o 1= =
= odeta FREAS AEstel A =S 4
[e:

T4 4-ve-2-A g0 P-6& §3AA 25 SAqE AT, Yo &HAS49 TIF MeSn(0 Bu)s
gas 4-wg-2-Aee F9| BuSn(NEt,), 0 ZHE AzH A2 2% oy thkst §AHuz Egsian 5 &
oj2 3 Aake] 0.05Me] & Sn HEE 9Astth. o WHWos el ATA SN MeSn(0Bu)y o2 W7t
% 27-Sn F=7F 0 WA 60mole%e] WHlol=FH Al 33T o]% AFA ENE 100mm Si 71 Aol
FYEaL, 100TolA Wol DA the, A& uiel o] ZEZAE ojyo|E AASE vk Mol Eiyv W
ARl =E A T

LE T ZYHE dolHE F7] ol 170TolA wo]H A7, 2-Fgk2olA 15% F<¢F dAlsla, 543 &nE
sl MlE wWow 15x B9k M oE, Ny skl ARAZIZ F7] Fol 150ToA 5 Bt
Ho|PAI AT, 7 =& dro IF FAE S3sn AZe d¢2A FF2YsY] = 139 YeRAY &
A 2E EY (AN 5 B2)2 ¥ 302 e, & 1302 2E ATA 89 29 NeSn(0Bu)se] mole%

7b S7hgkel whek D7 AAE] A W, FEGAEE vluA v ke Dol xat A fAHE s

FA <D 0 EANA QuEH, o)A AALES MwE Gl A AF

MeSn(OtBu)s | Dg iegp\s
mol % (m¥em®) | =7 7

0 16.1 15.8

10 14.1 148

20 11.6 15.6

40 73 12.7

60 23 94

13.5nm ¥, tholE %W % 0.39 /i (numerical aperture)E ©]83F Lawrence Berkeley National
Laboratory Micro Exposure ToolS o]&3le] FASHA A ad fo)s Aol 36nm X E 18nm ¢l HHS ==
A FE. SEMe.2 st o|ny A= (imaging dose)dl] Wdl EFEHY3 HME((D)S = 149 YeRTE, oA, +

=

A AES DA S8 Fad olug Aol MeSn(0Bu)yel  Hfo] Zhgtel uwtel AA FaHE Ao
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U FT. 55U ol = E e hEH SEM olw|AE a) 20%, b) 40% E c) 60%2] P-6& FRIE A
golo] thal = 150 EAEITH.
[0152] 47 FHES dAHQ Aolw AFA Fo] ofyth. F7b FEjEe] S A el glvh. mE, 2oy
S 54 SHE Fxete] AwstolAn gAYl Vet 2 dEe] HA 9 MYE slojuA] gk ¥ IS
WA 7 &S olalld = Ag Holt}. 7] FuwHE] Qo] Fito]l Ao, EUd HWAIA A<}
fxys FAE SFHA Ferh. FAAR Fx, 2AE D/EE Yol oA 8L, 84, AR Ee
2 FE A (partition) @ 7 AHE= AR, 2 /A WES, 28 FAHoR e e ¢, 24
1Al A At vkl o] & owwel i EAS WAAA &v UMY 5AS IS F e 54 FH;
4 R8s, 84, AR, e BEA e o5l £FS EFste dHE By oyt o3 54 AL

=
=
A, 4R EE TE M EE o5 230R AFHOR o)l FUEEL BEFE AOR ol

{
i
\10.

130
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SS=50dl 10-2708400
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Mak =356 mJ em?
CD=16.7nm,LWR = 2.6 nm
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SS=50dl 10-2708400

) 0% SaX, 010 Sa 8, £ 10% Sn(0'Bu),

AEF = 4wl om ME = 0w om ! HE=270mI am?®
1 =TT om0, LK = 3T | OB - 150w, BWR ~ b mm | CD 158 um. LWR + 17 om

D 20 Sk, ) 20% Sa(('Bul,

M= 1S miem? ME = 125md om?
CD=1550m LWR =52 am | CD=170nm. IWR = 52 ne

LWR Cf 37|0fl TSt M2 - 16 hp L/S

6
od
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3 ° < ok
£ og
gLS sh
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*
L ]
38 52
3
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10-2708400

EH14

A
o =

A A A

2f(dose)0f CHPt 18nm 2}Q1 /

2

20

18

() 1

12

30 40 S0 60 70
M (md cm-2)
© 40% Me-Sn

20

= §60% Me-Sn

» 20% Me-Sn

EHIS

b) 43 mJ cm* ¢) 16.5mJ cm*

A 9mlem?
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