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acid amplifier

N,N" -azobisisobutyronitrile
chemically amplified photoresist
diphenyl-4-thiophenoxyphenylsulfonium trifluoromethane
sulfonate

ethyl lactate

4,4’ -isopropylidenc dicyclohexanol
melting point
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photo acid generator

post exposure bake
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Preparation and Characterization of Acid Amplifiers

based on Isopropylidene Dicyclohexanol

Division of Imaging and Information Engineering Jeong-Yeong Park

Directed by Professor Yeon-Tae Jeong

High sensitivity photopatternable systems based on the concept of
“chemical  amplification” have been of great importance In
microlithographic industry.l &

The sensitivity of the same chemically amplified photoresist(CAP)
polvmer is limited by the amount of acid formed(quantum yield) and
the Pka of the acid. Thus workers have sought to enhance the
sensitivity of a CAP by high efficiency AG or by high loading of AG.
High loading >5 wt% of AG can be limited due to AG aggregation in
film or by the optical absorbance.” ™

So acid proliferation type  photoresist(APP) is developed. APP have
heen formulated by addition of the acid amplifiers to CAPs to enhance

resist performances including photosensitivity. APP could produce more

- vii -



acid during PEB by autocatalytic amplification in a non-linear manncr.
In this thesis, 4-hydroxy-4" -tosyloxy isopropvlidenc dicyclohexane, 4,
4" —ditosyloxyv isopropvlidene dicyclohexane, 4-(p-styrenesulfonyloxyv)-
4" ~tosyloxy isopropylidene dicyclohexane were synthesized as AAs.
These gave photosensitivity increases of a 1.5-4X when used in amount
of 2-5 wt% of PtBMA. Polv(M4~co~tBMAw), copolymer of tert-butyl
methacrylate and 4-methacryloyloxy-4" -tosyvloxy isopropylidene
dicyclohexane was developed as polymeric AA. The
poly(M4ip-co-tBMAg) exhibited 2X higher photosensitivity campared

with PtBMA and simplified the process of formulating photoresist.

- vii -
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Fig. 2. Expected reaction scheme of acid amplified resist system.
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'H-NMR spectrum< JEOL JNM-ECP 400MHz 34| (spectrometer) &
AbEEle] HAstn, Evle CDChLE ARSI FT-IR  spectrum<

BOMEM-100 #-3A=2 SAsd1, T2 4% 3dt7] 98 Lamda 40

UV/vis  spectrophotometers  Ab&2tel S8 TGA/DSC FA4LS

f
=l

PERKIN ELMER 7% % #4851, =38 W& s dE 2h= 200W st

a 428 Wxol Karl suss MIB 3 =372 =32 Frc},

m-2. 34

II1-2-1. 4-hydroxy-4'-tosyloxy isopropylidene dicyclohexane (M1)

2

e
oX

150 ml three neck round bottom flaske]l 80 ml pyridinest
isopropylidene dicyclohexanol (0.43 mmol, 10.34 g)-& YW1 WwWk A7) @A
=2l % &2 bath® 0 T YzhAxloh  flaskel p-toluencsulfonyl
chioride(0.43 mmol, 821 g)& #7F8laL 0 ColA 2441 7H59F wvk S A
Hhg A zleh ol wkg 2xis -2 T oA 0 CTARelE FAlsfepsti=dl, 0
Tolate] %3 44" -ditosyloxy isopropylidene dicyclohexane (M2)o] o)
A=) 22 4-hydroxy-4'- tosyloxy isopropylidene dicyclohexane (M1)2]
Fgo] wWolzrth ¥kSol W filterationo® Y d8 AAS T
rotavapor= 70 CollA 73t H=3lo] pyridines A Asck 2 % 100 ml
Ae5E2 ¥ 70 ml CHLCLE 39 &3 9 10 %4 =89 100 ml=

2 el ool pyridined AAZG FHFE 1 Me 5110 %



Na:COz F8&Ae s FaAl7]a vbauto s 100 ml FHF s Ao
TLC® pyridineel Zeold =% & &Rlsti Holgl& S o g i
ko). A7 #d g el anhydrous MeSOE Y awnk Al7)wa] A=z
A ZIC}, filter= anhydrous MgSOaZ Al A #3) FEdle] Sl &9
%1 cthyl acetate : hexane (1 @ 2) &wl& o|&a] Ag|7tA A zAuvlx 2
a2 sl vacuum ovenol A 24A17F A FshH B A Pukg o]

98-S 42%0] 31 mp.+= 158 Colth,

IR(KBr pellet) : 3331 ecm ' (-0H), 2939 cm™' (-CHy), 1598 em ' (C=0),
1173 em ' (-SO2)

'"H-NMR( 8, ppm, solvent : CDCly) : 7.7, 7.2 ppm (aromatic ring, 4I1),
4.3, 4.0 ppm (cyclohexane, 2H), 3.4 ppm (-OH, 1H), 2.4 ppm (-CHs; 3H),
1.8, 1.7, 1.1, 0.9 ppm (24H)

I-2-2. 44" -ditosyloxy isopropylidene dicyclohexane (M2)2] 4

150 ml three neck round bottom flaskel 80 ml pyridine® IPDI1 (0.43
mmol, 1034 g)& ¥51 WRFAIZIHA 52 ¥ PTSC (0.86 mmol, 1642 g)
& @rbela BeolA 247059t SRA eI o] By

AAAFE 9L filter® A 718F3l pyridined rotavaporZ 70 TolA zsF =

Z3to] AAg} 2 % 100 ml LES D3 70 ml CHCLE 39 5%
3 F 10 %P R 100 miE 29 oA Foldl e pyridines A A g
th FRSE I AL H, 10 % NaCOs FE8H 07 FopA 7L npA e

ol

ot

Jolgls A o AL &g FA7F #yb g9 anhvdrous

2 100 ml FFFZ AQodith, TLC®E pyridineo] Wolgli=x] & 2ol

MgSO& ¥ wnt A 7|wAM 7 ZzA 7} filter®  anhydrous MgSOs &

| = Z°] % ethyl acetate © hexane (1 : 2) &



WE olgel Aerbd el ads e Belgch vacuum ovenol A
24770 Azl #1A BukR dojAw, 82 40 %ela, mpis 134 T

ot}

IR (KBr pellet) : 2945 em ' (-CHa), 1598 em ' (C=C)), 1177 em ' (SO
II’I—NI\"IR(rS, ppm, solvent @ CDClz) @ 7.7, 7.2 ppm (aromatic ring, 81D,
4.3, ppm (cyclohexane, 2H), 24 ppm (-CHz 6H), 1.8 17, 1.1, 0.9 ppm
(2411)

I -2-3. 4-(p-styrenesulfonyloxy)-4'-tosyloxy isopropylidene
dicyclohexane (M3)2} 34

25 ml three neck round bottom flaskel pyridine(0.1 mol, 7.73 ml)i}

M1(0.01 mol, 395 g)& H3 uyk AFIHA =9l ¥ 1)~étyrencsulfonyl

chloride 3 &4 HH3] Frishdl ol el 9h&d e A7 3517

<

13 ice baths AF-&3hch

SlHA] dbgAlZITE ¥b-go] Z4W pyridined rotavapori 55Tl )

o

J7E7) B U 2423205 er Aol it
FEsle A 25 g8 vl %o]a ethyl acctate © hexane
(10 2) &3 &9 & H7belyd o3 weold+ pyrdineol Hx7b H& et
g Beuke Falo] Al wFEko]
ol A 7S, o)u] AR w2 gk A7 AV A e ufrbA] o]
Aol Fopglis ol ksl

A7 e}, A 7F 3 Sl anhydrous MgSO48 % ar mgk shulad 2

il

ZA 71}, filter®  anhydrous MgSOsE A8 v 2¢1 5 cthyl
acetate © hexane (1 @ 2) &v]& o] &a] Aeisa 3} AZvfE ez B
g gtrh. BviE A ASE vacuum ovendl M 24417 A xskw A Rt

Aoy A, =82 25 %ol mp.x= 138 Tojrl.



IR(KBr pellet) © 2939 em ' (=CHs), 1597 cm ' (C=C)), 1172 em ' (SO2)
'H-NMR( 3, ppm, solvent @ CDCly) @ 7.8, 7.7, 7.5, 7.3 ppm (aromatic
ring, 8H), 59, 54 ppm (CH.=CH-, 3H), 4.3, ppm (cyclohexane, 2H), 2.4
ppm (-CIIz 3HD), 1.9, 1.6, 1.4, 1.0 ppm (24H)

I1-2-4. 4-methacryloyloxy-4'-tosyloxy isopropylidene
dicyclohexane (M4)2] $HA

50 ml three neck round bottom flaskel AAS dzt oleA(0.1 mol,
11.28 mh¥} MI1(0.01 mol, 395 g)& ¥ %2 % pyridine(0.] mol, 7.73
mDE H7Fa}. o] flaskoll methacryloy]l chloride®E 3 WX 2 x3s A
Zhabedl ol WA wEES AAs7] 98l ice bathE AR Foh A
7h7b B U 244 7bE R Ao b sEAd vk Ak mkgo]

el

£y 8B rotavapor® 55 CollAd 2 =38 pyridines A A
fresh column®. 2 ol9li= pyridine®t €& AAZTE 7 HL rotavapor
2 #ulE =9 ¥ ethyl acetate : hexane (1 @ 5) &3 Lu]Z o] &35l
dojzbAd v AaRetE el s ol gstel M4Avh &gl et fuE
F91 5 vacuum ovenoll A 24417 71 23} oju MdyE HEVF e

A7 4R 27 %o}

]HANMR((S‘, ppm, solvent @ CDCl3) @ 7.7, 7.2 ppm (aromatic ring, 4H),
6.0, 54 ppm (-C=CHa2, 2I1), 45, 4.3, ppm (cyclohexane, 2H), 2.4 ppm
(-CHgz 3H), 1.8, 1.7, 1.1, 0.9 ppm (24H)



MI-3-1. tBMA<®] homopolymerization (H1)

N el tBMAE w3 EFAAZE HAzFRold o™ 2 aluminum  oxideis

fresh column3t ¥ AF& %k homopolymerizationdl 7l $18) &3 74 #|

& A 713 tBMA (199 g, 0.07mole)E 125 ml round bottom flaske] % 51
Z91 % 90 ml THFel ¢ % AIBN (0.3 g, 021 mmole)& H7pgc), £

2 70 T 3L batholl wai A 7]Fstel A 24420 F¢F @k A7) 9
Mo Edet T8l 2
8] Al 7] 31 methanol © T/ (10 @ DEofo] HAXZI filterdt 122}
& vacuum oven©oll A A0 7 24A17F A xE { THFE #H7PA A 34 A
7]31 methanol @ FF4 (10 * DEMWE e vf 3 HAzIg a8 284

e 28 AAATI E 75 % FERE AE 5 vk T o wA

O-3-2. M49} tBMA<®] copolymerization(C1)

50 ml one neck round bottom flaskell =gt THF(21.76 ml)2} M4(0.28
mol, 1.28 g)& ¥ =2 % tBMA(249 mmol, 354 ¢)& FH7}3lc) olw)
tBMA= &% wAA7E H7bzle] e R aluminum  oxide®  fresh
columndgt 5 A&t} o] flaskel AIBN (0.055 mmol, 0.09 g) < H7}ah
U &S 70 C @& bathell ©ar @A 7)§stel A 244 7F For wwt

Sad FRaTh Feol £ 5l Aeow Ad F@seld THFE 7}

1

A

I

A A17130 methanol @ R (10 @ DE&WE @9l o] YA ek sl 1

A7 B A7 I methanol @ FFa (10 ¢ D)ool A A A 7). filterdt -

o

B 22 vacuum ovenoll A A &0 & 24A17F A zs ¥ THFZ 2 7 A 7
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Bal 2we 2w FAAIS b 3% SR 9e F A Fu o
EAFEE S 12,00001 1, EAEE 1.890] ¢},

n-4. $a% %3

g B f71 Sk WEA FHAM ASEHE Gl ethyl

lactate(EL), propvlene glycol methyl ether(PEGME), propylene glycol

methyl ether acetate(PEGMEA)Z &3 =& &A%} olu] 43 54

rJ>_t
flo

I wtngAoR s FA 55 AF O, AM3] 5= A O, FEHYo
2549 A, 53 g A998 x2 Z7%8Y. 9Hde] mx 9= A
9} 27 Hol BEo ARl FEo] od & wji= TLC platedl] FHojA &

-5 < AL 54 (film FA)

ATk Zao] AF AdAAL FT-IRS o] &34 &A%

r&

o AA 10 %50
A G2 wEv]l 98] (BMA homopolymer(0.1 g)ol AA 2 wt %
(0.002 g), 5 wt % (0.005 )& F7IF ¥ ZFH3I THEF (09 gl woli,

24 AAT AA polymer(0.1 g)& Z57 % THE (0.9 g)eoll w¥duh, it
A Glg 2 X 2 em 2719 silicon wafer (Si 100)e] ¥ 3Fch 5000

rpm(4 s), 4000 rpm(4 )= THHEA ¢F 036 pmTFAL THE o)E

FE 3 silicon wafer® 110 C, 120 C, 130 ColM dA tAA S &As)
7] 918l 7bE AIRES WSIAFIH FT-IRE S A s} ol silicon wafer?]
TH peak?! 613 cm '8 71F o2 1140 em’! (-SOu) sulfonate peak’}l %
A=z Aown 4 tAAde FA3
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0-6. &% =4 (film JH)

FAaeh Bde] e waaRUE ) gsky was @dadole] s Al AvY)
T AlEeR AxFHE UV/vis spectrophotometers: o) &84 w3 A7)

Mate] wE Fo Aelm FAgth 10 %A fd8 wsv) 96
tBMA  homopolymer(0.1 g)ol AA monomer 2 wt% (0.002 g), 5 wt%
(0.005 g)et PAGEM DTSOTE 5 wt% (0.005 g)& H7lg 5 F§Ha
THE (0.9 g)ol wolx, 31EAE AAS AA polymer(0.1 )& Z3d
THF (0.9 gioll HAv, m#x 8948 2 X 2 ecm 227]9] silicon wafer
(Si 100)ell =¥ strd 5000 rpm(4 s), 4000 rpm{4 )& FEEH <k 035
pmTAR ZRECE ol# i ZWE silicon waferE 100 CTeollA 182 FoF
soft hakedlt % #2 xz1o2 Aaer] ¢sll UV/vis spectrophotometer &
ol FAE AU I ¥ ALS WA JPEAM =g 5 120

T2 2%3F PEB#U 238 wit% TMAH 714 #8402 187 d4dst
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r o
2
ofd
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41
o
1
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{FH ol M2+%  chloroform, methylene chloride, tetrahydrofuraneol] gt
EL, PEGME, PEGMEA® 2] &7tk M3t Cl& hexaned} methanol,
cthanol, benzene, dicthyl ether®]ol<: &a| %o Ao FA7F Qi Aoz

Gebgth BHEE 3 wite §oR wEel ZA o % 4% O, AA

= e O Y H o) 4 le o - . [ o
S ohowE A O, AR K A 4, ¥A s 45 x2 2AH,

Table 1. Table of solubility test

M1 M2 M3 Cl
hexane X X < X
ethyl acetate (@) ® O @)
chloroform © © © ©
henzene (@ FaN © X
diethyl cther O X X @)
methylene chloride © © @ ©
tetrahydrofurane © © (@) ©
methyl alcohol O X % X
ethyl alcohol O e X X
acetone O A © ©
toluenc O P Fay ®
EL ® X A Q

1

PEGME O X O O f
PEGMEA - X »: ®
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Fig. 21. photosensitivity curves of PtBMA film dopted with
different amounts of M1 in the presence of 5 wt?%s DTSOTSf as a

photoacid generator. (film thickness : 0.35 zm)
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