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Fig. 1.1. The trends in lithographic technologies and DRAM devices.
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Fig.1.2 Dissolution mechanism of chemically amplified resist.
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The three-component chemically amplified resist
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Fig.2.2 Strategy of the development of the resist with high resolution.
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fEEBERL VX ME, ZBRPREEINIERELBEXRBOXALOBE P RIGE
BIU. LYRAMNKRARBPHEGBINLA BB ENGHB, INEBFIETEREDH, L
VAMEBREIZA —-Na-VEEUTREYWE (£ IFIZWTHEIANE/ER ) O ESP-100
(BFMEL (#) 8) &AL, 80C., 12080 ~—27 L7 ™%,

Bon-@BEC, EBBREEE ( (¥%) B IZMIERRIHL700D. Juk E ES50KeV,
40/cm®. 4.0~21.54C/cn®) EHWTRHE L -%B. BLBOEMNME (PEB: Post
Exposure Baking) #80°C. 120817 » /=6

BREIa -7 Nm o =& ((/D) (R L7 oy () & Mark V) T
Wy HRBEEE U TTNAFATVEZOANM b oA b (TMAH) 2.38wt % KRR (RIS (BE)
B ONMD-3) R{EH L. S0 » /oo 7B, ESP-1000FEEIZ. LV A PDBEEBEITE
(NMD-3, 50%fE) FICERIZT > /o REEI T ) 7Y X —% (58) THEL =,
NE = USFEDOBRIER NS — VR OBEIRSEMIC L D 1T o o

2.2.3 LYXIMEXRYEDOHE

EBI L2 LY R FBEE YV a vy T n— FICEAH L, Prebake® 120°C . 1808
TOHEBEY B, COBRBEER2TY TV XA —2IC&DHEIEL 2o RIT, BBEX 247
HFIT, 80°C . 1208 I B (PEBITHHY) L. WE & C/DDOMark VTNMD-3% (EH L
50T - . WEZRAZEL 2,

Fho. EBEOT o RITEDT B2 HIT, 120C, 180 M Prebakel 72 L ¥ & b IR
EIZBSP-100% %A L. 80°C. 1200~ — 2 L. X 5T, 80°C. 1208 R o n #4438
(PEBIZHMEY ) L=V v I HERM L, TN EC/DDMark VIZk L TNMD-3T505 8
REL. BREZBEL, LYAMNEAROEELRBROBERELOEL D HE
DB EESP-100DEETRD /=,

2.2.4 IR X 2B AHIZOLHEAZE (EBBEXOES)
BERICILIVBBRMHEN ECOBRELSBL TWA 0 E2ANS . tBOCEZE20.9%
D~ — 2FHE(tBOC-PVP) 2 W/~ L Y A FIZEBRBE L. DR & BEMFT-IR ( JEOLEY

JIR-5500) THEEL o HMUM LY A MBERKIZ. LFD2EETH %,
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tBOC-PVP: (TPSTF:y70A$4/7=8.0:  :0.3:40.0(g)
tBOC-PVP:B-IP:TPSTF:y/uA$4/v=8.0:2.0:0.3:40.0(g)

LY AMBREYYVay gz FiZZAEYa— LU,y IEBDIRBIEZRZIT - 2o K
2. Ry 7L — FT120°C. 90F M Prebake® T 2EEH D IRBIE %R 1T » 720 £ 5
NI, EBfEEEEE (VA= X8 ELS-3300. MNEEE : 20keV.. EIRfE
:3X 107" AL Dose® 124 C/cn®) THE U/ T2 TCL Y X MZHRE L 2DoseE
3124 C/em® Ty ZHIEARL Y XA P DBo (0.2,m LESEHFFHE D FRIT 2B E)
IH i bo WITL Ky b7 L— T80T, 0WMPEBE T\, 3E H O IRME %17 -

7= o

2.2.5 R X 2B MBAHIEDO D HEERIAE (Deep IVEXDIFE)

20.9%. 21.9% . 23.8% DtBOCIETE D~ — X Jl§ (tBOC-PVP) ZH /=L ¥ X |
{ZBA L. Prebakef®®d L CUVEXCE DO D ERZ IRTHM U 720

LYAbMZYYay yxoaNEIZAEYa— FLEZE. Prebake®d THZTIREZAE L /-
(1EB) o iz, Z0EEZ2Kky b7 L — bk T120C, 90% M Prebakel 7= IRHEIE
BT -7 (2EHE) o & 51T, Deep UV (FOLIREE : 10mW/cn®) MAHEEICL D, &
B E10. 20, 50nJ/cm®D3EEZ VY VA vy I I A—LEICEXL. Ky F 7L —F
T

80C. 90MBPEBL 7= BRICIRBMIZE %17 » 7= (3EH) o

2.3 HR EEE

2.3.1 tBOC-PVPDtBOC/LE L L VA M OBBREE L OHE

N — 25 (tBOC-PVP) DtBOCEER L L VR F OBEMEL L OBIfR % Fig.2.41T7R
T o tBOC-PVPODIBOCAEE DAL L HIT, LY A M OBEMBEEIIENT 2HAICH
HIlhbirole TNIE. BOCEERS /NI WNEZE, X—XFBFROL 270/ -hDF
BHEFESBD, TAHYVBRBRICH T 2BMENRELS DD TH S,

_14_



F 72y tBOC-PVPDtBOCIER WA TR L 20, TAHVEBEOL VR ME
DyYVAVIINADPSDHEN DR RZIEEERTHEL 2o tBICEEDFD
EEBIT, R—ZABEFOHEEISE ML, CO-HL YR MEEY Y a T T
LOBEEEIFALETENPGEZEZLN S,

EBREONY — VAT, EEENSOOmDEZ S0 EBEEDREGRM TITH 2o,
LY A DOBEMREED /s FThNiE. iﬁ{%¢®3§&055150nmtx? (10% LLF)
IZ D RBRMOBBREL LU TIXFEHATRTHA LN, INTTOERLD
HEIL TWa s LY X b OWMEE Inn/sELUF 272 5 tBOC-PVPO tBOCIEE 1
Fig.2.45 b\ 206U ETHH I ENHONTH S #EF TRMBL & H1IT, tBOC-
PYPDtBOCAEZ A5 W &1, tBOCE DO BRISPET LIS LW I P ans
Fz¥\ tBOCAL = A20~25% D~ — 2 fatJ§ (tBOC-PVP) ZFFffi L 720 T DtBOCIEE D

tBOC-PVPE AH WAL A FDOEE, YUV avy oI NEOBEBWHIIMHEL» - 770

1000
T{CH2CH ) (CH2CH

. 100
@0
-
N OtBOC  OH
2 10 ¢ tBOC-PVP
o
c
Re)
5 1 F
o)
w)
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Fig.2.4 Relationship between the dissolution rate of
the resist and tBOC ratio of matrix resin.
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2.3.2 tBOC-PVPOtBOC/ER L L P X NENDE L OHE

N — 2D LBOCILE R ZE 2 7z & ¥ (tBOC/LE : 20.9~23.8% D H DAFEEH ) D
TNAAVEBRIIGT S, VYA TITDOENDVEBLITZDEEDL Y R+ DBEHBHE
EofREA, Table 2.1&Fig.2.5IcR Lo A—/3a— FEDESP-100 (£ JFIZh70
FUANE/ER ) DEEIZP PO 6T, N— ZAHPEOBOCEERIEVIZE. LY R PO
NYBFERECAED, LIVRAMOBBEENRKELI LD I Ehbhoize THIT,
tBOC-PVPD tBOCAL S /N E WIF E, N—2AWEFRDOE = VT =/ - VOBEBRE?E

b TAHVEBRIINTI2BBENPRELLERDTH S,

Table 2.1 Relationship between the film thickness loss after

development and tBOC ratio of matrix!’

over coat fiim®>’ used no used

tBOC ratio of matrix(%) 20.9 21.9 22.8 23.8 20.9 21.9 22.8 23.8

initial thickness {(nm) 504 493 504 490 - 494 503 489
thickness after dev.(nm) 398 403 435 429 - 430 466 462
film thickness loss (nm) 106 90 70 61 - 64 37 27
dissolution rate (nm/s) 2.1 1.8 1.4 1.2 - 1.3 0.7 0.5

Y"tBOC ratio of matrix was measured by TGA.

*?ESP-100 purchased from Showa Denko Co. was used as the over coat film.

A —=N—a— FEDESP-100% H W25 &, tBOCIE=R23.8% D L ¥ X b D iE i B
k1.2nm/s T tBOCIEE20.9% D L Y A FiF2.1nn/sTH » 7= tBOC-PVPD tBOCILE
W3%WATHE, LY A DOEBEEITN2EEML 2o ESP-1002 B W5 & 13 H
WARWESICHEL, AULBERDL VA M THEMBEEIAE NI EDbL -
Tzo THIE. ESP-100ICE E N B & YFLIWTHFNANEYEE A . VB % 1] B D tBOCKE P tert
-Butyl (tBu) D4R {EExEII-HEEZEZ LN Do

LY A FRERBOBFEREN Inn/sSIUTOFE. BERDEFDLLS BRFBRNT —

VIER BB ONB I ENINE TOERIDHEBELTED'Y, ZOANGELE L.



=

~N— 2 {88 (tBOC-PVP) DtBOCEE & L Tlx23.8% M EsdhB L 3, UL L. &
B2 tBOCIERIZOWTIE. LY AMNDRE, MBESEFML. REMICHE T 5
DErHD, 2.3.3HBEEWTHLNIKT 5,

150 [
— [
= -
c C “
» . ® (with ESP-100>
7] ™ —
o 100 [
- C \9
g L
(¢}] r .\
c + \h\\ \'.-\
;(:J - e
©O 50 [
< i \\1‘\
- \A\
£ s (without ESP-100>
T i
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20 21 22 23 24 25

tBOC ratio of matrix(%)

Fig.2.5 Relationship between film thickness loss
after development and tBOC ratio of matrix resin.

2.3.3 tBOC-PVPOtBOC/IEER L LY R PERE L OHEE

~N— 2ff g (tBOC-PVP) D tBOCIEER 2 ZE X L & D, tBOUEERE LYV A PREE &
DEAFREFig.2.6lR LTz, Ben RE LT, KEHEOEXE (1mn*) 2RESNZHE
KBEERT, /2. BREELIZ. BHRHOFE (22 TI30.24m L&S) ZRETERD
BBTA2BEXREEZEL. BF. BoDHIEB LD KEL DB,

Fig.2.6& 0. X~ ZBEDBIILEDED L &L HIT, Beny BoDfEEL B /NE R
Dy LYAMEIERKEICRD ZENFBEOMITH >z, tBOCEEE23.8% D& EEanid

16.0 2 C/cm®. tBOCILZE20.9% D & 8.5 C/cn & N— ZAHIEDLBOCIL R H T
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3SUWAT AT, BREEIN2E M ELR. o Ty VYR MNREOEH EH, 6103,
tBOC-PVPDtBOCIEE MR AR —2ABErH W EFEL YA MIERERELL. FZE L

WLV A PMEWR B,

25

20

(B o2umias) «

T 1 I i I T T L

Sensitivity (£ C/cm2)

15 /
10 _.//6

LN A S |

T T LR

0
20 21 22 23 24 25

tBOC ratio of matrix (%)

Fig.2.6 Relationship between sensitivity
and tBOC ratio of matrix resin.

N — 2 g (tBOC-PVP) DtBOCIEEDFE AL LT, LY R P EEEICL HHE
MEZELZT 5, tBOC-PVPOtBOCILEASE T T 2L, DML LB EDH 5 LBOCED
BrWb L, BE T NEDoseB/hs{ah, HRLELT. VYA MISEERR
BEEZOND, BH. BRICIVRETIBOBTHERILINTTD 205, {LFHE
BERL YA POBE, EROBIEIZNI0EMZORG 5 &L vy —v
VIR BETEADPTDOEBFYRILILINT & RES LB, TDOH. RIGEX
2@ ThH BBOC-PVPOLBOCE D AWM S ETH, BRERIELLZL I LT
ENte LU, BRIEIBIERT LT BT HLT T, BRERXRECHEEL -,
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o Ty REOL VA MREF TR, REEEISIBEORIGZIEEITE, ©L
AZEDERER-TLEDIEZBZABINETH D, o T DEBEREEZEZEITIC
3. ZORAMBEZ L RETINENrGVRBREESr BMNL,. Z20BR, LY XL
BEFETLEEEZOND,

2.3.4 tBOC-PVPDtBOC/EE L LYV X P BXMBE L OB

Fig.2.7i2, B/ 5tB0CIEEDO X — 2l (tBOC-PVP) ZH WA LY X FiIZH L T,
BPB2ZELSHLEEDL YR MNSERZR L, 2O Z7DEEH LY X b

[BXRE ] 2bobT, BERELI, BEXEsEsgib iz, BB
BRI ZTI0.2.m LEASHITH U EI0B AR D FHEZEE (0.18~0.22 4m LES)IZHI X &
NIZBEXREOHBAE ST HHix. ((0.22umTi 3BHE)-(0.18miz’s 5T
2))/(0.20umZ2BERXREB)TH S, AV Z7 TR, HEPFDPSVEEKBEIKE
KD, BABEINKREL LB L VA S,

Fig.2.7& 0 N"— AWEDBOERATRENL VR MR ET S T7DEE ML
BBEPRECLIVRAPINTHDE I ENHELDPIT/A o7z, Table 2.2I2 X — XD
tBOCIE R Z AL ED L VA IMNBRESLIUCENBEL I LD TRLE, BX
BEIE, T XTOBIEEDR—-ABELZRA VALY A MT, 0% 2B TED.
INETOMBETENRBENIIORUL EDOFE. T4 RAEEHT B ETHHi 7o
VR =V UBBBEIENDLDP>TVWE'Y , T, BABEOHSE» S IZ. 4
AP0 L 72 tBOCIE 2 20.9~23.8% DR — A EA WL LY X MiE. $XTHEMRHE
ThHbrENZ D, |

LYZA 2B TH5E6. REBXHEE S, BELLPERIPODODRHANXEFD =8

HBEXPTHNTLE D, tBIEEFBOR—-ABELZAVEE&. BI LD &L

DIV EINE T, tBOCEDDMRIGEPE I ST NF - UPEBR SN WD),
DTPRBREOETIEI NN -~ VTENELET. BXBEINREI L LEEL
5N 5,
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Fig.2.7 The space width as a function of EB exposure dose. The
acceptable change of space width is less than &= 10% of 0.2 um L&S.

Table 2.2 Relationship between sensitivity of the reist

and tBOC ratio of matrix

No. 1 2 3 4

tBOC ratio of matrix(%) 20.9 21.9 22.8 23.8
Een (4 C/cm?) 8.5 9.5 12.3 16.0
Eo (pC/cm?) 12.0 13.4 18.2 21.8
Process latitude (%)’ 10.0 10.5 11.5 11.9

) The process latidude is got from the space width as a function

of EB exposure dose. The acceptable change of space width is

1ess than 10% of 0.2 xm L&S.

LYALOBEBEDOANEERBOF N, AEM O T o 22—V vV EDHE

ICoWTRRT 2, BEREFNAEVLYZAMEAVAE., BXBORHFAEI DL

ANTH NEZ—VvFTERIZELIZLWENWLS,, —RIZC LYAMOXREZ =V
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FESN2BXE (BRE) 3. 7ovx&4. 2. OHEE. R—-JBES
Lo TERT S, Bic, "= ITRCE&y FFL—FE2FERAL. &y b 7T L—
MIMBIZR T 2RESN —HEIEL, PrebakeiBEPPEBREN Y T N—0DBATIK &
WERNLD, BABEIGREVL YA MALE, 20X REHFOSINIZHLTH,

BIZRAUIE SN, 7oA -V VDOAREWLIYAMNZADES,

2.3.5 tBOC-PVPDtBOCIE R L L Y X M EBRE & OHE

N — 2 P8 (tBOC-PVP) D tBOCIEHA20.9%.21.9%.23.8% DL ¥V A biZBIL
FDOLYAPERAOWIERLULNZ - VOSINEE (%5H0.2,.n L&S. BHEBI ZL
EFNDLY A MDEo) #Fig.2.80 (a) (D) ()R T o N— A IEDLBOCILEIFH
KBBRE, NI - VERVEBICESERBRETH L I o - ko tBOC-PVP
DtBOCIEEA$20.9% 21.9% DLV A b, ¥~ VOANEKL, BTy F T
TREZEZERTHEFEFLLARL. 238%DL VA METNFIRNI ENbLD - 2o

N—ZBIEDOBIGER S B LY X MEEERBE IR 2 E BT, tBOCER D
me & bic, BALOBHERHEIIREL W (2.3.7THTHR~NZ ) T L. REXED
BREREINS 5729 (Fig.2.4) . ZORBR. VYA MOa v F&x (X
WERBABE OB MAEELL) PRI 20 6THILEALLOND,

AEX b SEFEMML 2 ~— 28 (tBOC-PVP. tBOC/LEE : 20.9~23.8% ) 1284
Uy LYZXMRE. BRE,. BABEOCE AP L. R#ZN— 2AH/IEDOLBICEER%
BRI 5, LY A MREIZ. tBOC-PVPOLBOCIEE B NITE VB ERL - 2o &
KBEIZ. TNTDLBOCIEER D LBOC-PVP T, 10% 2BATHVERARETH - 2o
R 3. tBOC-PVPORBOCEER B H T NIEIF VR EENTE Y. 4EHDOEE. 23.8
%;Dﬁm%@@ﬁ&—yﬁﬁﬁ%<ﬂib<a#otoiof\ﬂg\%@ﬁ\
BABELRGHOICHML 2 ER. tBOCEE23.8UDAN—2AWEZH NSO, L
VAPELTHRBETH D EHWL 7m0 tBOUEER23.8%DR—-2BPREEA VLY A
Midy BE (Bew) 2516.04C/cn® Ty 0.22m L&S (21.8 2 C/cn® @& #HIIKES20
nm) DRE—VIEBRELSBBRU 2,
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x20k B985 25KV

C a >

Fig.2.8 SEM photograph of 0.20 . m L&S pattern profile for the resist. EB acceleration
voltage was 50 keV and the initial film thickness was 520 nm.
(a) tBOC ratio of matrix resin is 20.9%. The dose was 12.0 x C/cm2.
(b) tBOC ratio of matrix resin is 21.9%. The dose was 13.5 x C/cm2.
(c) tBOC ratio of matrix resin is 23.8%. The dose was 21.5 x C/cm2.



2.3.6 EBBREASH K O BEH IR O 5 #

EBRHFAROR— AL L CBRENHAOBENHEODBELZH S PIZT S 2
. EBEHBEDFT-IRZBEL /oo 4B tBOC-PVPIZtBOCIEE20.9% D b D Z H W
720

R—ZBEOMHEHELBHROHAOMBEDBRFRODIEREZ, TN ENRE
TERDIUATOY YT NVEEE L 2o BEAHNHDOALDDERER/ D DI N
— Z G ITtBOC-PVPD R DO D IZtBOCE TELSREL TWIRWPVPBIEZH WY VT
N (PVPESJE/B-IP/TPSTR) 2 fEBI L 7z EBRBHE. LYV A NERIP G DOH AFEEED
bl otz BEIFrEEOLNT. BELLBHPRETE LMoo £/, EBRE
FHoBes. BHEEI,OT 202820 T. VI N—2HEICKBHT 2 DRFEFICHE
MTHD, £ 2T MEBNRFERICEIARZD, BENHAZEI LV ABEY
YN (R — A8 (tBOC-PVP) /ER S A &I (TPSTF) ) = fF® L. EBREHBRODME %
FI-IRTHRIZE L. £ & X— ZAJE (tBOC-PVP) DtBOCEDDMEEL L /2o

SE. FEMLU Y Y TIVE LY R M YT (R — 2R (tBOC-PVP) /¥4 & #1I
K (B-1P)/BRFE £ K (TPSTF) ) & X — A®BY 7 (R — 2P (tBOC-PVP)/BRIE 4
FI(TPSTF) ) TH b0 Tz TITHOLWARY VY NVIZ, RE, BBEFHERY v I
L. SBELCLEELETZ LIk, IRIRIRE / 4 XE2HBICKF L 2o
Fig.2.91Z. LIRS VT IVOBAGHE (a). Prebakef (b). BHE()DEDIR%E
Fig.2.10lt R — 2B RY ¥ SV O BAH (a). Prebaket® (b). TEHE()DK D IR%E
RUTo N6 DFEREZ E & TTable 2.3ITR U 7o

VYR MY T NVIZEOTS B VKRV HETRE #1700~ 1800cm™ T Bl 28 & 41,
I NI — 2B D tBOC-PVPD -0C(=0)0C(CHas) s 2 BMIMBIF D1V75-VR D tert-
7 FIRFME &Y (B-1P) D-CO0C(CHs)s# B K UB-IPA QB UL & ITERT 5477
J-MRD-COOHEICE SR EEZELOND . LALRBFS. ANKRZIVEREROE
B ~DRBIEERICHETCH S, £ 2 Ty HEIE. -C0C(CHs) s H D i 45 ik By £
(1140cm™") KFBH TS LItk D tBOC-PVPLB-IPOBMMEIEDREE L L RKE
THMTs I &EL
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Fig.2.9 IR spectra of the resist consisting of tBOC-PVP,
B-IP and TPSTF. (a) after coating (b) after
prebake (c) after exposure. The tBOC ratio of
matrix resin is 20.99. The resist was prebaked at
120°C for 90s. The resist was exposed to 12.0 xC/
cm? of EB and postbaked at 80°C for 90 s.
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T ¥ T T I

4000 3600 3200 2800 2400 2000 1600 1200 800

WAVENUMBERS (cm™)

Fig.2.10 IR spectra of the resist consisting of tBOC-PVP and
TPSTE. (a) after coating (b) after prebake ()
after exposure. The tBOC ratio of matrix resin is
20.99¢. The resist was prebaked at 120°C for 90 s.
The resist was exposed to 12.0 ©C/cm? of EB and
postbaked at 80°C for 90 s.
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F D tBu absorptionid. -COC(CHs)sF D MiEIEEI L (1140cn™') 2RV ¥ VIR
DC=CERMMEIIREF (1510cn™ ') THEELAEZETSH 2, LY RS VY A DtBuk
DRI L O RILIZ. N — A5 (LtBOC-PVP) D tBOCE: & A Ml & (B-1P) D tert
ButylEDOW AN EENTED. T I TRLUTWL BEIZ. #MHOHEIZEDORE %N
BELEETH S, EFODtBu residuclIMHAZDEREFRE2/RL . BHEKICtBuEL 4
KOBUTOVWARWERZEL. Prebake B DES LB EOELZRMEOMETHRL -
bDTH Do

BB & 13124 C/cn®TH B\ I DOfEILtBOC-PVPD tBOCILE 7°20.9% D L YV 2 b+ D

EOT%%O

Table 2.3 The decomposition of tBu group before and after exposure,

which was measured by FT-IR.

1)

Compounds State tBu abs. tBu residue®

(%)

After coating 1.25 100

tBOC-PVP®’/  /TPSTF  After prebake *’ 0.98 77
After exposure®’ 0.26 21

After coating 0.89 100

tBOC-PVP /B-IP/TPSTF  After prebake 0.57 64
After exposure 0.21 24

*’ 1t was measured by FT-IR. The peak intensities of tBu absorption
at 1140cm™ " was normarized with benzene ring at 1510cm™'.

*)The tBu residue was got by dividing tBu absorption of “after prebake”
or “after exposure” by that of “after coating”

*'The tBOC ratio of tBOC-PVP was 20.9% .

*’The resist was prebaked at 120°C for 90s.

®) The resist was exposed to 12 C/cm® of EB and postbaked at 80°C for 90s.
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Hr BtBOIEEDODAR—~2AFIEEAET B L VX MIZ U, PrebakeffF & UDeep UV
BRBROBHAFEDO PEBEZFI-IRTHMU 2o FALLL YA ME, XN— 285
(tBOC-PVP) D tBOCILEAs 20.9% . 21.9%. 23.8% D3I TdH 5, Table 2.4iIT%
NZHNDOLY R OBEBIHEIE (tBuk) OERFEEZ/R Lz, Table 2.4DER % 7

Z74 L7 DNPFFig.2.11TH %,
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f\\ ——21.9%
50 \\\ —=—23.8%
ol \

: \\

20 |

group residue (¥)

t

10

llxllll e 1 & S SN W W N

10 100
Exposure Dose(mJ/cm?2)

Fig.2.11 Relationship between tBu group residue of the resist
and exposure dose with regard to different tBOC
ratio of matrix resin. The resist was prebaked at 120
°C for 90 sec. The resist was exposed to Deep UV
(10 mW/cm?) and postbaked at 80°C for 90 sec. The
tBu group residue was measured by FT-IR. The
peak intensities of tBu absorption at 1140 cm™" was
normarized with benzene ring at 1510 cm™". The tBu
residue was got by dividing tBu absorption of “after
exposure” by that of "after coating.”
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Table 2.4 Relationship between tBu group residue afte exposure Deep UV

and tBOC ratio of matrix

state coating prebake®’ 100i/cm? of exp. ? 20m)/ce® of exp. 50m)/cw? of exp.
t& tBu abs. ® tBu residue(X)*’ tBu abs. 1Bu residue(%) tBu abs. tBu residue(¥) tBu abs. tBu residue(X) tBu abs. tBu residue(%)
20.9 1.15 100 0. 66 57 0.20 17 0.16 14 0.08 7
21.9 114 100 0.59 52 0.20 18 0.13 12 0.04 4
23.8 1.27 100 0.84 66 0.24 19 0.14 11 0.07 ]

Y The resist was prebaked at 120°C for 90sec.

) The resist was exposed to 10mJ/cm® of Deep UV (10o¥/co®) and postbaked at 80°C for 90sec.

DIt was peasured by FT-IR. The peak intensities of iBu absorption at 1140cn™! was normarized with benzene ring at 1510cu™".

Y The tBu residue was got by dividing tBu absorption of "prebake™ or "exposure” by that of "coating”.

Prebake (120°C, 90¥R) OB T, §XTOL YR MZHEWLT. §40% O tBukt
WML, tBuR DD EI AL T THRI > TWB I LN bh b, Deep UVENR., %
DHEDPEB (80C. 90WMH) KEbh, HBREISHIEM LA, BRABOEmME LD
Wy tBuEE O EEIIE ML . 50mJ/cm® IR &Y B I N — 2K BB D tBOCL 1T BI R s < .
KI95% DLBOCEAS DML 720

Prebake B KHENH -2 61, RUWON— 2B IEDtBOCIE=EN R > Th, &
KBRICEE T H2B0CEDBIIIFIEE L VI EFELNITA -2 BXHOBOCEE
PELINT, BXROBMELIIELED 54 L,

tBOCIEZE23.8% DtBOC-PVPH 64 A LY A FDEBAE. 0.2um DA ~— 2 (5
) P BRBEBET ABHE (Bo) 1321.8xC/cn*Th b, —H. tBOCIL=20.9%
DF A Bold12.04C/cn®*TH %, T7abb, tBOCIEER23.8%D LV X bid. 19.8%
(23.8-4.0) DBOCEX N ET 2D LHERBHEH21.8.C/cn’ T, tBOCIL=E
2009% DL Y A FiE16.9% (20.9-4.0) DtBOCE X D ET 2 DI BLE R EHED
12.0pC/cn®*TH b0 &» Ty DESEBLBOCEDEN DA TT & LBOCILE20.9%
DN — 24 E (tBOC-PVP) 522 L VR MDHEN, Bold/pEL 2 h BEEIRD

2%,
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2.4 S

fLFIER VBB A REBL YV 2 b (N— XI5, BRMHIH. BELH) Ox—
ABBEEL LT, IEEDT TH 2 LBOC-PVP (PVPEIE D OHE D — ¥ % tBOCE THEH L
EAF) BEFBL. Thickh VARV I avoNEOBEEE 2R EL.
HOLYRADEMBEDOEHHEEK > 7z, tBOC-PVPOtBOCIEER I K E KR BHITL 228
WLV R MEERIELL, BEEIR LT 228 2WOoNIK LIz, BRE. BEED
JUBKBRELME T 5 RiE 72 tBOC-PVPOtBOCIEER & L T, 23.8% % HEL /=,
LTI, BE2ETHLONIR -2 ER2EWT 5,

(1) tBOC-PVPDtBOCIEE DA L L bz, LY R MNEERA LT A ELZHLR
iU 720 tBOCIE23.8% D & & Ben/&EIX16.04 C/cn®y tBOCIEZ20.9% D & £8.5

pC/en®& . tBOCIEE 3% WA T 5 TRERP2E M ELAE, Thid. tBOC-
PVPDtBOCIEER DK TIZ LY. DI EZtBICEDBIHA L. ZDHER. BHEHEN

NELTEDRDHTH 5,

(2) tBOC-PVPOLBOCIEER S KE WL Y R MIE, BMBECARD I EPHALDIC
otze HE. tBOCIEERN23.8% I DEWVWL YA MENFT - VERIEL, LY X
PELTHELL D o7z tBOCILEDOEME & HIT. RBX T OWBMHEEIZET
TEHDIHML, BAMOBEBEHEEIRERLVWALD, LYRAMDa vy 7 A (LY

2 FBEEHERBELOBHEAEERL) L. LY A FMEEREELL -,
(3) LY AFDEBENXRHBEIL. tBOC-PVPOtRIIEEN KE WL VX MEFE KX L,
LYZRPMELTT o R BREBITENTOAIEN D> T 4 HE. FFML - tBOC
-PVP (tBOCAE=R : 20.9~23.8% ) DL VA PIZH W T, BXRER T NTIOR %8

ATHH, EHERET L,

(4) VYR MIZE M EOBREZRFLA-HGEG. VYA FBEEHITEEFET 5 tBOC
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B3 ~T~— 2 hE (tBOC-PVP) KR T 2 b D THMBMHIA DO tBOCEIEF L
TWHhPoTeo £ BRBICERET HtB0CEOER (BRXMOBMERE) 13, tBOC
PVPORHDIBOERIC L 6T —ETH DI L2 RBH Lo

(5) tBOC-PVPDtBOCIEZ=ED20.9% D L Y & FiZ., Fo (0.2um LESZ BT A %

2) BHELALELEDtBOC-PVPOtBICEDEERIFTIN TH -T2 Thbb, TBHXE
DtBOCEIRI T NTHML AL Th. 0.2,un L&Y — VIIBBTE I EF DD > =0
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3.1 5

AETH. LY RBRBOBMEEDETICED, L YR BRSO BRE
EEDEZBRL. LYVRMOERBELEZR>/s LY X | ZPrebaked 5% &
ERIBEF O IR T B L b, BRMHEE LT, Rk
DERET 2T VR OEEDAEELEE, LY~ REHEOSREE & BRI
A DBLE & DBIRICS 0 THRE Lo I, &0 & 5 7203 5E 0 1 A1)
K% 1 & Probakel 0 5 BEASIE < M) 2 5. oK 0 5 0 W W O 18 F 45 T 86 T
HBEPEHELSMIZU I,

3.2 B

3.2.1 LYRIBDOAER
LY AMMBHE, IR TR —2BE. BN S L OCBBEEROILDT» LI
5 (F1g3—11 ) o

R— 28 ~— BB & Y (p-b 7/ -8) (PVP) DOHE D — 85 % . tert
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-7 b EF A MK NV E(LBOCE)THEL 255 F (tBOC-PVP) &KLY, 4.
& B U 72 tBOC-PVPIZ tBOC/L E A523.8% T T D fE X TGA ( PERKINELMER#- B TGA-7) &
D3k 7% PYPEIRIZ. A BAWHAE () 7b>6&%/\Lf:PHM~C(Mw=5200,Mn=27oo)
RV,

BMAELEA BEEHI. IFUMLE (K) TOVBEALLZIN) 722V ANT 5
ZoAabYT7L—LF (TPSTF) AL 2o

) ] T(CHz PHY TCH, HT,
Matrix resin (5 é

OCOC (CHs)s

[tBoc-PVP]

Dissolution inhibitor @

o
3¢ o

Acid generator <@T38+'OSOZCF3

- J

Fig.3-1.1 The three-component chemically amplified resist.

WREDER - BRINEHE. 7=/ -V O0HE®tBOCE L 72{t&% (B-DHB)
RIHEEAHM LAV, AERTIE. L,2-VEFaF vy RUE V(hF7a—1,04)
(mp.105C), 1,3-Y b Fof o xXvEv (LY vy / —)v RE)(np.1127C), 1,4-V &
FoFoxvEV(ng FoF/ v, HQ) (np.1727C ) DOHE 2 tBOC/E L 721 &% (21
Z N B-CA, B-RE, B-HQ) %2 fFMAL /o
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YeEFoFrNr+E v (DHB) #tBOUE T 55 kiE. 3fbeameEbE LU TH O LT
2R L 2o

300mln4H>07 5 A2z, DHB5.00g (45.5mmol) , 7 & b+ »/200ml, 4-V A F L7
I/ EY Y 0.05g (0.45mmol) 2MA, TRKEBILEITHEAELL. COBKE
A0CIZHB U B, T RBYtert-7F)121.82¢ (100.1mmol) 2T o — F 2> 5
A\ 40°C T4l BRAMPTRE 2T oTco RIEWZ2]1 OKIZRAL. IEY
FEIRL. BRI EBRBEEEGRE S, T4/ -V oBEEHL THBYRE 2,
IR, B-CAA88% (39.5mmol) , B-REA:78% (35.3mmol) , B-HQA¥86% (39.1
mmol) THh » /o

AR OREIE. FT-IR ( BHESER () BFTIR-4300) , 'H NMR ( (k) B
WIEFTBTFT-NMR  R-1500. 60MHz) , DSC (PERKIN ELMER##DSC-2C) THrw . DSCD
WESRHEIZELRSFHSK, ARFELIOC /min. & Ui,

Fig.3-1.21z, HQ(a)H & O'B-HQ(b)DIRZ <7 F V&R U 7= (KBri&)o. 2900cm™ *ff
VA SRR D C-HiB#E IR 8. 1760cm™ " IC C=0f B4R 8. 1270cm™ 12 C-0-Cfift 4 IR 3
1150cn™ " IE3RRE DO T VA v OBRBEHICEB N 2BRFr 2 Zh@B D 5 iz,
—H. 7=/ = DO0-NFEIESE (3000-3500cm™ ") DRMRIIHEE L 7=zo Fig.3-1.312.
RE(a) ¥ & O'B-RE(b) D IRA X2 F V%R L 7 (KBrik), Fig.3-1.412. CA(a)b L U'B
-CA(D)DIRA N7 V%R LU = (KBrif)o

Fig.3-1.51Z. B-HQOD'H NMRRZA R F V&R L /=0 1.54ppmiZ t-ButylHIZH-3< 7
OrVOE—-7H, 7. 17pII R Y EVEDOT O P VIZEISSKE—- 7R SN,
INSOWILDORE HIIEHRE Y OE %KL 2o Fig.3-1.61ZB-RED 'H NMRZ ~< 7 b
V%, Fig.3-1.71ZB-CAD'H NMRA X7 b V&R L /=0

Fig.3-1.8i1Z. B-HQDDSCHIER R E /R L /zo M44CIZY v — T RIRBE—7 (BR)
WEZE XN, B-RE. B-CADDSCHIEHBRE b HDHTHRL Ko

BLETR. *H NMR, DSCOBIZERR L. KSR TCHBIRIEIC L2 £l YL ERIE
bhd. @ THNET2LEaMTHD I ENBERTE T,
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Fig.3-1.5 60MHz 'H NMR

0 (a) (_
OCOC{CH1) 3 (a)
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spectra of B-HQ recorded in CDCls solvent.
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Fig.3-1.6 60MHz 'H NMR spectra of B-RE recorded in CDCls solvent.
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Fig.3-1.7 60MHz 'H NMR spectra of B-CA recorded in CDClas solvent.
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Fig.3-1.8 DSC curves of B-HQ, B-RE and B-CA. A heating rate

is 10 °C/min.
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B-CA. B-REIZ DWW T DE &, "HNMR. IROFERX2F L HBELUTOED TH %,
B-CA. mp 59°C ; *H NMR(CDCls) 1.54ppm(s,18H),7.24ppm(s,4H) ;
IR(KBr)2900cm™*(m),1760cm™ ' (vs),1260cm™ ' (vs),1140cm™* (vs)
B-RE. mp 52°C ; 'H NMR(CDCls) 1.54ppm(s,18H),7.10ppm(s,4H) ;
IR(KBr)2900cm™ " (m),1760cm™ * (vs),1260cm™ * (vs),1150cm™ ' (vs)
Table 3-1.11x. S EFMf L3> D& MM A (B-DHB) DL MHEE. Blaib L O
ZNZ N DODHBD AL 2 & pKafE # 7R U 720

Table 3-1.1 The examined dissolution inhibitors and dissolution promoters

Dissolution mp. Dissolution
inhibitor °C) promoter  PKal/pKa2

%OC(CHs)s H
é—ogoC(CHs)s (B-CA) 59 &OH (CA) 9.2/13.0

[§§oo«»um
H
(B-RE) 52 é (RE) 9.3/11.1

\OQOC(CHs)s oH
O
PgOC(CHS)S H
(B-HQ) 144 é (HQ) 9.3/11.1
OgOC(CH3)3 OH

3.2.2 ot X EME

7ok X% (Prebake. PEB(Post Exposure Baking)) Ot %475 m. I
DR HFFELKOFIF 2 L ERAVWTRE, BEBEEFMZIT - .

AR RE. 4.0gD < — 28§ (tBOC-PVP) | 0.15gDEEFAEXK| ( TPSTF) %
30.0gD v 7 o ~FH /v (bp.155C ) WHEMBSEER L, TORBE~NFH X F
NIV S Y (HMDS) LB L v VavyzankitxaEYa— Ly kv b7 L —

FT80°C, 100°C, 120C OBETE N FN0F[E. Prebake [TWHEK 15 /-,
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ITFEVTL-FBERXREBIZ=a v () BINSRIS05EX (NA=0.42,0.2nJ/cn® pulse,
200Hz,2~162nJ/cn’) #EA Lo XEBHEDPEBIE, BB T K. Ky P T L —
b T80°C, 100°C, 120C DRETZEN ZNIOME DKM T1T - 7zo BBEITTIIAFI
TYEZOANM B UAFHA L (TMAH) 2.38wt%/K¥E#R (NMD-3 REGAE (k) &) 2EA L.
6OFPRA B IEIRIB U /oo BEE L. DEKTAK 3030 CTHIE L /2o MIREMNMIT. XEHEME
WTERELDT - 20

3.2.3 VLYRFETNOBMAEOWE

BRIEIF O~ 2BIBICHT 28BN EDRLHEBICT 2200, BELEAZ
SFHVKRBRETETNVEBENRBET NVO2BEEER L. 2NZFNOBEMEE LT
fili L 7= o

RKBABETVIE, N— 2B R EBEBMAEZ. 37205, tBOC-PVPB-CA. tBOC
-PVP/B-RE$H & UFtBOC-PVP/B-HQD M A& HLHE L. WTFNDOHMDHL.0gD <~ X
A8 (tBOC-PVP) &L 1.1gDAMBINHIF & 220.0gDBEH (7 o~nFH/ V) KEE
XEHAB U, Tl BB DD, 4.0gDtBOC-PVPER20.0gD v 7 a~F 4/ v
RS g E R B IER U 2o

COBEE. HMDSUIE L vV av vz anpicaEYa~- MLy sy PTL—F
ETR0CH B iF120C, OMEIMBMUEEZF 2o HARWE L TNMD-3%2 MU 72,
RBRBEFTNVOBRMEEIL. EEARZHEBIEIC5 10, 15050 I EiCRS
ODEBREL. ZOBERVEBZZNFNOBETRL TEOSNZBEOEHEL L /2,
8 E X, DEKTAK 3030iz & » BIE L 2o

BEXLETVIE R—ABBEBLICBEBMHFF 7o P el RG LI E &
AT ARY (p-E=V7 =2/ =) (PVP) flE. YE FoF v+ (DHB)
EERMAEDLETIES L, BEEAIZIZ. PVP/CA. PVP/REF L CFPVP/HQD 3RELEL &
L u\a‘nmﬁﬂ&%1.59g@PVPto.17g@DHB& 3.41gDBH (Y AFNVENVALT 3
F). (DMF) B EIER Uiz, /2. HEDZHIT, 1.59gDPVP%3.41gD DUFIC
BiESEEBLERL 2,

HMDSHLEB L 7=y Ua vz bz xsAEvya~- L. ko T L—FET
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120°C, O mEM L BEE2 B/, WERE L TNMD-32FH L /- BHXBLET LD
BREEII. RBREPTTH2unDEN B2 EMIT IO ERTEHEL, Z0EM

MOBEHU-, BE|IZ. DEKTAK 3030 X h HllZEL 7=,

3.2.4 wEAGMNOSHEIAE (IR)

BRENEHE OBRBEMHETH 2tB0(EDDWBXREZIREAWVWTHML 720 X"— 28
AEIZtBOC-PVPE{EH 3 2 L BRI F OtBCE LD E — 7 DRz N —
AW IIPVPEAEA U 720

BT, 4.0 — 2fitfg (PVP) . 1.1gDEMINHIF (B-CA. B-RE. B-HQ) ¥k &
U0.15gDEFE4FK] (TPSTF) %220.0gD v 7 u~FH /) VICHEBIEERHL 2, {ER
Lz g v YyavozntbiczEva—- bl X"=270LAHA0WHED, Ry P 7T L —
b T80°C, Q0B N—27 Lizbod, 120C, 0B N—27 Lizb DD 3EE 0 HEE
BB, STHEOMBEAZFT-IR (BEBBIER (#) BFT-IR 4300) THEL 2o ~—
JHiP LR — 7 EDOC=00%I(1760cm™ ') tert-Butyl Wk (¥ (1140cm™ ") o I& 4L 58 -~
Y VBOC=CERMMEIEE (1510cn™ ") THEL UFM L 2. tBICEDOEFEIT. X~
JRICBOCET 2L DML TLHRVWEREL. XR— V7 EDEEZX—- 7 DOETKRL

ﬁlﬁbflo

3.2.5 WHEAEIH OB M

EEEIEIE (B-CAL B-RE. B-HQ) DB DM %Z. N ZNHEDOKH KR T TCA
( PERKIN BLMEREBITGA7) ZFAVTHE /2, WEL. KKFESK. 30CH 5300C &
T10°C /min. D BWHEDEHET TIT - 2o

T, BRBRINGEFAZBVAILICEIZLYAMNEDOLT S REBEE (Tg) OZE1L
REPIEUiz. ABHE, 4.060 X — 2@ (PVP)  1.1gDEMHIHEA (B-CA. B-RE.
B-HQ) %257 & F VICHEBEHIEB L o B+ v+ A5 1 V7RI X D PVPHEE
EBBIMHE ST DICEALERERESB R, TORMEKEIITHE (ZREAK, &
MEELI0C /min. ) §H5I L&k, BEDOTgE KD,
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3.2.6 VYV I 37 4 — 5l

Uy 757 4 —FMARBHT. X— XI5 ITtBOC-PVP R & fF 1 & %;B~RE26 %
WIEB-HQ% . BRSAEFNTTPSTFZ W TIER L /2o 4.0gD tBOC-PYP. 1.1gDB-REH 5
WIZB-HQ. 0.15gDTPSTF#30.0gD ¥y 7 a~FH /) VIZERBIEHABE L, ThbH
DORBEZHDSAUBE L2 Vav o nbitAEYya—-rLs &y P 7L — FT120C
90F 1 Prebake® T WH % G/, TORDOREIRMNO.540TH - 2o

EBEXEEIX. T VA4 =~ ZHELS3300 (20kev,3X107 " *A,3~10 . C/cn®) % ff
Lo EBR@%?‘?&’@PEB (Post Exposure Baking) i &~ b 7L — F ET80C, 90F
BOZUHTERET ST > mo WBRBIIND-3%FHA L. 60 IEREL 2,

JE X, DEKTAK 3030 CHIEL 7zo MBEFMIZ. SEMITTEA L DT - 720

3.3 MRLEE

3.3.1 Yok x%HomHEL

70+ 2% % (Prebake. PEB(Post Exposure Baking)) D& B ZHKRET L 7o &K
B, BEEE. GEMIC. KifmdF vy oL —¥ %2 B0 T U /2o Prebakeld807C,
100°C, 120°C O iF B TO0R . PEBIX80°C, 100°C, 120°C D iR E TR O & & T
T-70

PEB%120C THTH & BAHDOARBEIBI o /oo THIL, BMELH TH DA =
DLAESNBHICED T 2 VT VAN EEREL. TN 5IT L DB RGP ELT
TE2RHEELOND, BEAKEL AV LEETAVEEE, BREDZ WL
CATREFRIBIEN, EB S 2hD I/ v —ThboMEsNTNEY,

PEBAT80°C . 100C DFED L ¥ 2 P EE S L ORGEFM OKER % Table 3-1.2,
Fig.3-1.912R T o ZZTHVWAREEEIRGRTEORBEI T LR 2REOENR
B. Bo/XEIXLine and Space (L&S) 2B IR T 2T E 2K T Prebake

BEFNSLR I ON, BREIZETTAIENELMNIL o IHIXPrebakelRE
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DERLE b BROREBESHA L. LR MEOH S AEBREN LR L.
SR L > THRAE L EBOBEEEOET P, 2NICE bR > A MRIEHE %I
(B BIBEELBNS, —F5. PIBREN LRT 2 L BEEA LT Labh
o5 Tme THIIPrebakelREOR LIV ORENIELIZ-DTH 5,

Table 3-1.2 The dependence of sensitivity and
resolution upon nrebake and PEB

No. Prebake PEB Etp 7 By Resolution
(c) (‘C) (mJ/cm2) (mJ/cm2)  (pem)

1 80 80 18 50 0.60

2 80 100 6 12 0.90

3 100 80 28 70 0.55

4 100 100 6 14 0.75

5 120 80 42 82 0.40

6 120 100 6 18 0.60

1)Deep UV light exposure was conducted by an excimer
laser stepper with a numerical apperature of 0.42.

140 3—-9— PEB 80°C. Eth

~ | ----- PEB100TC. Eth

s 120 ||—eo— PEB 80°C. EO

2 | —-=—PEB100°C. EO

~ 100 |
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~ 80 e

z - g

80 T

Y40 b -

2 - T

e S
ST i taiel Rraretriinth Artral B S

0

70 80 90 100 110 120 130

Prebake Temp. (C)
Fig.3-1.9 Relationship between sensitivity of the resist

and bake temperature.
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BIBEIZ. S EFFM U244 Tid. Prebakei@ E120°C. PEBEESOC D& # DA
EHENFED BEFAERICAD, 0.40un LESNE — VBB OLNB I ENDP o,
N, Prebaki EAEWVWE A, BRPTOBRTFHBEIZ W, BOBBERI XX
CRBXRH T THELTLEIV., BBEFELTE22DTH 5, £/, PEBRENE
WEAED. BORHBEHIXESBEGEFELTIEELONS, TOHRFIE., 1
ZIERL DX FPORAEY ) RUBO L LI, IOMFEBICL-> Th@MEINT
W5,

Lo T EEHERL YA MCHOT, GREELENLT2EEE. Prebakeis
ExTERETEL. HIZPEBBREIIEKSTAILNENH L I Ehbh oo RKPFFHIC
LT, LYR TN ERELLIEELRRBETHL20, aBBRELDOERTZNLU LD
HLUWHEETH D, o T KLY ZA DT o 25%HEE, LYANDOEREEL
BB EL T, 4. Prebakel3120°C, 90% [, PEBIX80C, 90 MO EKMH TITH &

&Lk

3.3.2 LYVARMNETFNOEBEBREE

BXTET NV, REXLETNVOEZEZ S L TICRT o AFFRILE B A OB
P RHNTIOPENROT. METNVE GBERIIEHEI K E VBRELEAH J
WLl oteo BEEKMNOEBBMIEDRIFEFIIRKEVI LR, 4 -28ETHRSE
T35,

AWMFETOL YA NT o AL, LY A | EBH—>Prebake—> BT >PEB->HE TH
5, FEg7owvxteTF Vvl EgdIbs s & BRHEIMET VI, PYPEIJE + DHB
(o=,m-,p-YE FEFURVEV)DMAAT, Ihid i 7 o0& X DPEBR DREIH
25,

—h. RBRXEE T L. tBOC-PVPEIE + tBOC-DHBOFEL T, AK. I Qi E
7Ok ZADPrebakedi DREIZH B, LALABNLG, REXBEFTLIIEEIND
WM DRI EEZE 2 D L, Prebake® 7O T ERMBLBERAXRTH 5, SH., FHL =&
M (yro~nFdt /) OWEITIISSCT, BELZZELICEFEIHIITIE, IhE
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DI E TDPrebakeNBERE N b, TDOLHIREVEET. Prebaked 3 & FMEHIH
s 8 5fE L . tBOC-DHBAY —EDHBIZ AL LU MO AADS AL TLE > BN H
Bo —H. 3.3.1EHED, LYR L OBBEBELICHE. PrebakeiBEAE L (120C)
TEPBETHD, MEEEZEEL. 96, REAFETNVORBEEDOR E I
Prebakel® E80°C b & UN120°C D 25# THT » =0

LY ANEFTNVOBBEHEE % Table 3-1.3lF LD TRT, BHRTETNVOBEME
BEIXBmEER (DHB) A WA3RB TAZEAR . BWHEEL RT3 DODIBTIZIF
FLOI e bh ol BREEFTNVITEML 2DHBIZ. Table 3-1.LIZR L &9
2y o,m,pREZ DIEE® TpKai P 1T EFIFE L v, pkadt @ UEEE T VA Y KBE
KT A2RMERIELV] SLEHPELTLEY (ARXTH4-1EBTHRETS) ,
TDIZEED, BABETNVOBRBEENKERLD > -DiE. 3EDODHBD pKassiZ ¥

HElho b ThdEELLNS,

Table 3-1.3 The dissolution rate'’ of model composition of unexposed

film and exposed film

Unexposed model Exposed model

Compound Dissolution Compound Dissolution
rate (nm/s) rate (nm/s)

Bake Temp. 80°C 120°C 120°C

tBOC-PVP 0.17 0.53 PVP 76.7

tBOC-PVP/B~CA(0) 0.15 0.69 PVP/CA(0) 99.0

tBOC-PVP/B~-RE(m)  0.08 0.66 PVP/RE(m) 101.4

tBOC-PVP/B-HQ(p) 0.09  0.40 PVP/HQ(p) 101.7

112.38wt% TMAH solution was used as the developer.

— . REXRBLETAT, SHEBDOEWEAEL LK T 5 & Prebakei@ER0C D &
% . tBOC-PVP/B-RE(mfiz) ¥ X UStBOC-PVP,/ B-HQ(pfZ )@ URBREDRMEE TH 5
DIZHR LT (BEINEFEZES LTV WLBOC-PVPEME DM 1/20 AR #E ) (tB0C

-PVP/B-CA(ofZ) 2" tBOC-PVPHIMM AL L WHMR TH /oo TD I L6, BEH
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#ll A D B-RE(nfiz) I & OB-HQ(pZ ) I X BRI RS HFAET 5 DIt U B-CA(ofz)
CREBEHEHNLEDRSEELTVWEWVR B,

S EFFE U - B EI &) (tBOC-DHB) AEMMIEWREFHRT 2 i3, X — 2
FEDOHEBEESHMED—F THLPVPOOHE L, BEEHE A OLBOCED 7 VR Z )V E & ps
HEER (KRHES) 2L R—AB@EOMHEDHAMNET T2 -0E%E
A6ND, BERIEIE OB-CA(ofZ)iX. B-RE(nfiz)F & O'B-HQ(pfir) I kb L . tBOCE
DOENL D= D2ODBOCENERLL T WD, ZDkd, X— XHE (PVP) DOHE L
BRI OtBOCE L A5, MEBEOMKRE. KEEEERL I LI, BEMEDE
fJ\“%’%#ofz@%lif;L\f»&%i67h7é>o

RiZ. Prebakel20C DL X DRBAMET VOBRFHEE L LT 5, tBOC-PVP/
B-CA(ofiz) ¥ & U tBOC-PVP/B-RE(mfL) A [H URE DB EE TH 5 Dicxf LT (&
FIRF ZEES L T WtBOC-PVPHEIM & D 5 WIS ®EE ) . tBOC-PVP,/B-HQ(pfiz)
D AHISLBOC-PVPHEIM L D /PN W EWDHERTH - 2o THDH, B-HUpM) ITIZ B M
MIES RS FEAET 5 OWIR L. B-CA(ofz) B & OB-RE(m{Z 1T LB MR IE 2D R A5 17 ¢
LA Z &iZi b, Prebake80C D& X LB ZEBAE SN,

£ 72, PrebakelRE1200C D& E DBEMHEEIL, 80CDEEDHLDITHEL. T
TOH Y TNHIEBNWTEDP - 20 KK, BREEE S FENH A (tBOC-DHB) @4+
WEBITESS DA 5. PrebakelREICKGFLAWIEIT TH B, L » 5 IiPrebakeid
EA1200C DL & BREEIFTANTOF VY IIAIEETELB->01F, JlOER
LB DTHBEEZEZONE, THHOHB. Prebakel20C D L FITREISHT & T,
AR A L. tBOC-DHBAS —EFDHBICZEL L TL E» TV A T EWFEEN B,
CNEIERT H5720IT, PrebakelREAZE X, v 7 A DIRZEE L . tBOC-DHBD 4>

fg@%%ﬁ;ﬁ&bf:o

3.3.3 BHENHH 0N @
Fig.3-1.10 . Fig.3-1.11 . Fig.3-1.12iz. ~X— xf§ffg (PVP) . TN TN DERE
&% (B-CA(ofZ ). B-RE(mf{iz). B-HQ(pfz)) b L B4 #l (TPSTF) »» 578 5 35
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Fig.3-1.10 IR spectra of the resist consisting of B-CA
before prebake (a) and after prebake (b). The resist Fig-3-1.12 IR spectra of the resist consisting of B-HQ

consisted of 4.0g of PVP, 1.1 g of B-CA and 0.15¢g
of TPSTF dissolved in 20.0 g of cyclohexanone.
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Fig.3-1.11 IR spectra of the resist consisting of B-RE
before prebake (a) and after prebake (b). The resist
consisted of 4.0 g of PYP, 1.1g of B-RE and 0.15 g

of TPSTF dissolved in 20.0 g of cyclohexanone.
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before prebake (a) and after prebake (b). The resist
consisted of 4.0g of PVP, 1.1 g of B-HQ and 0.15¢g
of TPSTF dissolved in 20.0 g of cyclohexanone.



120°C, 90MHENR—7 LB &IE(DITRL 2. 80C, OB L2HEEDOF v
— MEEBL &,

B-CA(ofiz) ¥ & U'B-RE(nfi7 )& AW ARAB TidZ. ~X—2 (120C) 2k b, =00k
btert-ButylR & IFIFHE T 205, B-HQOREB TR 2 £ ORI EA T 5 A
BT Loz IRINDOBEA B & OB BENH N O tBOCE A N — 7 K D
THBE LIl EZONS, HBlSN 2BEHEMHIF (tBOC-DHB) D tBOCE D4

BAH =X A%Fig.3-1.18I12 R T

)i g C(CHg)

O
i; H
o +CO+CH)C CH, 1
(CHa):sC/ 0 OH

Fig.3-1.13 The decomposition mechanism of B-DHB.

EFNEFNOEMRIAHF O DMHER% Table 3-1.4IKR L, EOMIT. BREMIHZ O
N— 7 BB BT B =00k (1760cn™ ). tert-ButylWR L (1140cm™ ') @ RN GR B % 7R
To INHENVEVROC=CREMBIEE (1510cn™ ") THBL L ZETH 5, tBOCE
DEFEIL. X— 7 HIZtBICEN 2 ML TRV EREL. XN—J7KDEZA
—JHDOETHRUEELZ, Table 3-1.4& h . BREIHFH OBOCEOEF R
C=0R ML TRl L 7238 & & tert-Buty IR CTHEfli L 725 & & T, BHTRL 200 EFE
LWEHBTE 5,

Prebakei& FE80°C M &+ B-CA(ofZ),B-RE(mfz) ,B-HQ(pZ) T NTIZTHB LT, X~
JHDC=0%I, tert-Butyli & b R—J B O ZNITEFIEFEL L. tBOCEN B
LTI Edbhoio &» Ty PrebakelRES80C D & & DEMIMHF (tBOC-
DHB) Z¥RM L 72 EF NV DB MEEE DE W IL. tBOC-DHBDLEEEZ Db DITERAT
BIETENEL DT T,

—#. Prebakelf FE120°C DIFE. TN TOBEMINHE A (tBOC-DHB) iIZH W THE D
BRI >TWVWBIEPDDr >l DEDOL T ik, B-CA(ofiz) >B-RE(nfiZ ) > B-
HQ(pRZ)DIE T &H » 720 T #4Lid. Table 3-1.30RTHEWE 7V OB MBERE H. B-CA
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(ofiz) >B-RE(mfiz ) >B-HQ(pfZ) DIE T W LIZT—F Lo & » T, B-CA(ofz)F &
UB-RE(mfz)Z B WiBTa&. N— 27 ORME TCEMIHIEDtBOCEN K HEDE L
OHE 72 b . BREIHEF ;BB EEFCTZELT 20K L. B-HQ(pl) D5 & B 5 i
ErDhdroZ M, B-HpM) ZHVEBEOBREESE-BEREEEZE LN
5, 7B, Prebakei@E 120C DB &1L N— 7 DM TtBOC-DHBD tBOCHK D kX
BB BT UOHE IS 20 Ly s M) s AR GRS 1T 20 1 o 8 S0 00 12 76 2 4
FEBBREEHOREGEMDOBBEELZWMEL LI LT 5,

Table 3-1.4 The decomposition of tBOC group of model composition

Materials Bake carbonyl-group t-butyl-group
abs.'’ residue(%) abs.? residue(%)
PVP/B-CA/TPSTF before 0.38 100 0.40 100
after( 80°C) 0.35 92 - 0.37 92
after(120°C) 0.00 0 0.00 0
PVP/B-RE/TPSTF before 0.45 100 0.95 100
after( 80°C) 0.39 86 0.82 36
after(120°c) 0.03 7 0.09 9
PVP/B-HQ/TPSTF before 0.37 100 1.04 100
after( 80C) 0.34 92 0.95 91
after(120C) 0.10 27 0.22 21

"’The peak intensities of carbonyl group absorption at 1760cm™*

was normalized with benzene ring at 1510cm .

*)The peak intensities of tert-butyl group absorption at 1140cm™’

was normalized with benzene ring at 1510cm™*.

EZBIENL Y2 PKBWT, BBGELZEBNICT % & PrebakeimE 2 5H < T 54
BXHD. 20D LYAFHMBOMBOBRAL 5T HL &L Prebakeif B
(120C) THEBIEK P DB LB W EPERENS, TOBRAP LT 5 &,
B-CA(ofz) % & O'B-RE(mfiz) iX. Prebakels (120°C ) I KA DBOCENIDHEL TH
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by BREMEIFHE L TEHEYLTRHRNENZ D,

WiZ. BREWMHAODBENFICE S D ZFANDI D, BRENEHFBEDOTCAR
W Uz B-CA(ofiz). B-RE(mfz ) & O'B-HQ(pfz) D tBOCE D o fF B 1A IR E 12 /9160
TT. PBETREIINIBCELIFIFIHLTH - o Lo T BREMHK O REE
B, 3MEEYTRELVIEN Doz Ty TOHMITED. 2EHEDESY% I
AUy TNIIBOCED DR (FHEM) IK—H U7/ (Fig.3-1.14) o

—H. ENZENoESiE. K&ESEA D, B-CA (ofif) #59C. B-RE (mfz) #4952
€. B-HQ (pfiz) #9144°C & (Fig.3-1.8) . B-HQ(pfiz)idfbd2o DL &HIT ik LIk
BiZEhrotoo BRASOBHBIFER 27 Ly P93 2 Lizk b, ATEAZEML &
BELEROYMRT, BL2EDOHZ AEBRE (Tg) PETL. Y v —@HI~N—
TRICEER T B EZTAO6ND, ZDRER. BEIHIF & ~— s (tBOC
-PVP) OXHEEMEMDO—FTHLPVP (BRNBEOSEIEML D ) & oy EE
SN, BEAWMETD 2BICEDOMAIBZITREI s EEZLLN S,
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'10.0 T ! T T T T T T
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Weight (%)

Fig.3-1.14 TGA curves of B-CA, B-RE and B-HQ.

A heating rate is 10 °C /min.
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BRI L BRI RE TR T 5010, BOTgREEL o B
N ZHBE (PVP) L3EEOREMMHAL 22N ENT L b VIe+RICBERE &7
B, TEMP UV F Y AT 4 VTICEDFEBIL R THE DL, ZOBEXDDISCEHEIZEL -
7. RERE BEANAOECIZLIAEOTgOHEBITIPBICRHETER P > 2o &
NiIZ. EEDODEENIEP oI ENERTHAEEZEZLN D,

BlEED. BEEEEMERL Y X L OB, &L Prebakeld & ( £51207C )
Th. BEIHFSDELE O BBEORENEF A ENT D C e N EBETH B =
&ﬁ”ﬁ%ﬁWIﬁfpto

0.8 N J

0.6 <

0.4 3\

0.2 7 B-HQ \‘

~+- B-RE
ol 1 \
1 10

Normalized Film Thickness

Exposure Dose (£ C/cm?)

Fig.3~1.15 Sensitivity curves of the resist consisting of B-RE and
B-HQ. The resist consisted of 4.0g of tBOC-PVP, 1.1g of B-RE or B-H{
and 0.15g of TPTSF dissolved in 30.0g cyclohexanone. EB acceleration

voltage was 50 keV, and the initial film thickness was 520nm.
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BANSPoTi, LYRAMNRGBEEZ, EXDEN NS OEPIRGREBENEL. B-
H(pf) ZHO LY A PO AP EBRBESHAFTE S, B-HQp)ZA 0L Y X
PIZBEWT, 0.2m LESNEZ —UBEREBSBBE LR, —H BKE (Eon) . B-
RE(m{Z)Z A 72 LY X P58 u C/em®y B-HQ(pR ) Z H W2 LY X P59 C/en® Ty

KEIZ D T,

3.4 &5

{EEIBIE R DT3B REBL ¥V R b (N — R A5, WMIEE, BELER) L

T BRMEFOBMEPL YA P DEMREEICGEASZHXBII DO TR L, B
MAFCIE, B oRL s —FREXDEEaMmEER L (47 2 — 1 (CA ofz),

LY vy /) = (RE.mfz). NA FwF/ v (HQ,pfiz) % tBOCIE U 7= 316 & #B-CA, B-RE,
B-HQ) o BEMHE K OBBIMILEDREZWBICT 220, REXBLOETVEL TR
RAEFMES O N— 2B (tBOC-PVP) LN Zn OB MYNHIA (tBOC-DHB)
POoRBER. BREOEF L EL TH I(p-t 2h7:/-0) (PVPYEIE & 20 21 DB
{EdE# (DHB) o 2B Z/ER LML /2o
BXBETNOBREEFIIRNTRELLL, BEAHFON—-ZAHWIIFICTT 25
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FRABHEETNVOBMBREEIL, Prebakell EIZ & » THE A - 72, Prebake80T
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(pR)ITIRFAEL 720 THid. tBOC-DHBD b EMEE (BMUM) OBWIZLZ2HDTH
5EEAD. —H. 120 DHFE. B-CA(ofZ) B L UB-RE(mfZ) ZRML 2 b DT, ¥
FEEEEIZLBOC-PVPHEIR D b D L W EH L 72 » 720 IREFBEIE L &R, B-HQ(pZ) T L
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ﬂ?ﬁ'ﬁ%gl':zéﬂzbfio‘ D, CORDETNVEOBBEENP REL -T2 EEZ DL
n3, |
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CACofz) B & U'B-RE(m{z ) D Bl s A5 4955°C 12t U T B-HQ(pfiz) DFh f13144°C & FEH

SWEHEEELZLOND (32DLEWODBIREIZNIS CTEIEFREL) o T4

H, GG DOB-HUpM) 2 HEML 2B G X BEORMEOE T . XN—= 7 FIZE
MR & X — 2R (tBOC-PVP) O EEMEM TH H5PVP (tBOCEDHMHEIEHADL )
EOBEMISHAl e D ETNVEOBEBREENE > LB EN S,

e, SMEBELEBIENL Y Z P ORRKITIE. B Prebakel@ B (591207C )
THLEBIBMA PG DELZV, SEAAOBBITHHEACI I ENERETHS Z L

AR SN L N AECTY Al
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The chemically amplified
resist with high resolution
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and unexposed area _
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- J

Fig.3-2.1 The process of the development of the resist
with high resolution.
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RYSPIGIK % B\ 72484, Prebake®fiT. YEMEHIMIZE (tBOCK) D — M B DML
FTAS Y AR EDHE LT T 23BN L VI EHNERTHS I Ebh-
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3.2 SR
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Woktert-7 b F AR = VE (tBOCHK ) TREL L& (tBOC-PVP) % &k
LAWE? 46, &8 L 72tBOC-PVPDOLBOC{EERIZ23.8% ' T, Z OEILTCA
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WROEH - B@EMEFCIE, RBI AT VEA VR VBI AT VO2EE%
EHRUMERALE. BT AT VI, 1L, 4-VEFsF o RXUEY (NS FaF/ V),
HQ) (mp.172°C ) DOHE % tBOC/E L TEB L 7z (B-HQ) o F IR VEET X7 ILIX,
1.3-VANKRFINVEY (V7% —VE, IP) (mp.340C) Zt7F AT a—

NTZZAFMEL TERL 7 (B-IP) o
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Fig. 3-2.2 The examined three-component chemically amplified resist.
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B COBWE. AFFAFAD YTy (HMDS) BB LY a vy oo
bEwxEYa—- b, ky P L— b+ ET8CH B N IT120C, 0OM I MAE L H %
B/

BE (BRABEAZE)  BBRIEEL L THIAMNTVEIAN Y 043 (TMAH) 2.38
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Bon BB EIEE ( (¥k) BB /EFTBIHL700D. 03 B E50Kev, 4A/cm®
4.0~21.5pC/cn®) TEX L =%, 90°C. 1200 R MBI ( PEB:Post Exposure
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Table 3-2.1 The dissolution rate of model-composition

unexposed film. Prebake was carried out at 120°C, 90s.

Compound Disolution rate
(nm/s)
tBOC-PVP/B-CA(0) 0.69
tBOC-PVP/B-RE(m) 0.66
tBOC-PVP/B-HQ(p) 0.40

tBOC-PVP/B-P (o) -
tBOC-PVP/B-IP(m) 0.24

tBOC-PVP/B-TP(p) 0.28

Flos ANVKVBIZATVEL T, o-,0-,p-Y I ¥V 7DL-7F LT 25 L
U IIEEERRFT U o 0=V A #9028 V(79-MEE ,P) . m=¥ Abk Fy0° V4 v (497%-
WEE L IP). p=V AN YA VE V(FVII-MER TP Dt-TF AT 2T b L=t &M H® £ h
Z N B-P, B-1P, B-TPL M3, B-POAMII. A AHRF U VEDHENEL (ofif) i
FEEFAREVIEFFERT. t-7F VT AT NMETERD > 720 —F B-1P, B-
[PIIEEBMICAERATETH » 2o B-1PL B-TPEHWV AL YR L T, B-IPZHWV =
HODHPSEMHEE N /NE D - - (Table 3-2.1) ,

Lo T BEMNFANEL T, BEOBBEREFEVEVWSBANLL, KB ATV
IZIEB-HQ& . A VKR VEET AT OVICIEB-IPEEIRL . WBFHEM I 2 & &L

A EFE U - SR AEIE DL RE 2 Fig.3-2.31 R T,

/{i o~ C(CH3),

0]

O/ C(CHg)4
A (CHQSC—Qy—< i
o ©

B-HQ

Fig.3-2.3 The examined dissolution inhibitors.



3.3.2 VLYARLMNETFNVOBBREE

AMRIBEBRTHAOBEBUELRA T 200 ENROT, REXBEFT VITIIE
FEKERMLUE P> BEEFOR— ZBISICHT 2 BMBM LR IIFETEIIL
ELCLEHBELTLEY D (KRXTH4 -2 TRA) .

LY A FEFTNVDOBEMBEE % Table 3-2.2IKR T, REXTEFNVOBEMBEHEEIL.
Prebake80C M &. B-HQk L UB-1PEFEM UL =R & b K#E/M . 2 DtBOC-PVPH
REDBME otz TibB B-HQ. B-IPE& % tBOC-PVPIZ X 3 5 ¥ H iE %h R s
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~0CO0tBuE TH A VK VBT 25 )V DEMFIMHIE D -C00tButk TH . tBOC-PVPIZ &4

DEBIMIEDRIIEZN BRI EFTBELDPITA - o

Table 3-2.2 The dissolution rate of model-composition
unexposed film. Prebake was carried out at 80°C or 1207

for 90s. 2.38wt% TMAH solution was used as the developer.

Compound Dissolution rate (nm/s)
Bake Temp. 80 C 120°C
tBOC-PVP 0.17 0.53
tBOC-PVP/B-HQ 0.09 0.40
tBOC-PVP/B-1P 0.08 0.24

SEIFM L - B BIE RS RIEDREBRTH50E, X—REo*ESM
FCOOPVP D OHE: & EMEHIEI R O & & OBITKRRB S ER L. ~N— X5 D OHAEE
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DFHBB-HQEHERMU 2R L VBEERES/NEh oo THDB, B-IP. B-HQE b
tBOC-PVPIZ X 3 2 IS MEHIIE R RIIHF AT 545, B-1PD A A"B-HQL O B LR R A
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Fig.3-2.4 IR pectra of the resist consistimg of B-HQ before prebake(a)

and after prebake(b).
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Fig.3-2.5 IR pectra of the resist consistimg of B-I1P before prebake(a)

and after prebake(h).



Table 3-2.3 The decomposition amount of tBu group after prebake
for the model-composition. It was measured by FT-IR. Prebake

was carried out at 80°C or 120°C for 90s.

Materials Bake tbutyl-group
absorp. '’ residue(%)
PVP/ /TPSTF before 0.98 100
after( 80°C) 0.92 94
after(120°C) 0.74 76
PVP/B-HQ/TPSTF before 1.04 100
after( 80°C) 0.95 91
after(120°C) 0.26 21
PVP/B-1P/TPSFT before 0.40 100
after( 807C) 0.40 . 100
after(120°C) 0.35 88

" The peak intensities of tert-butyl group absorption at 1140cm™'

—1

was normalized with benzene ring at 1510cm

B-HQDIF &\ N — 7 DB TE MG O tBOCE O K& 4 43 B4 i L OHE I & L
L. BBEAGEIR > BERERICELL 2. TRHLB B-HO% H U 7z i oD 15 i 3 B
BRNOIZBBENHH EABRENOEEDOBBEEZEL I LT 5. — 7.
B-IPOEE&E. X~V ROBRGBENI LR, ZOHEE, B-IPEH VWAL OBEHRAEE
WINEDP o EBZOLND, o Ty XN—=J7120CDEZDETNVDOBEMBHEEIT. K

kOBBIHADEZBEDENICLE DT AL, BRINFMOR S EE
#RLTWA, Fig.3-2.612. #NEFNOBEBIMEIFNOADBED A = X L&KL 2o
LEMBEL YR MW, SFBEYENET 258, 3-1ETRALL L
& DT, PrebakelBEAEL TALEN S, LYRMMHEEBEOBEAP LTS EHE
\WPrebakeiR E (120°C ) THHEMMEA P 2B LI EFBERENS, TOHA
MHETBE RBT AT VIEIN—78 (120C) IKtBOCEDKRBAMHBEL TH HE
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Fig.3-2.6 The decomposition mechanism of B-HQ and B-IP.
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Fig.3-2.7 TGA curves of B-HQ and B-IP.

A heating rate is 10°C /min.
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Fig.3-2.8 DSC curves of B~HQ and B-IP.

A heating rate is 10°C /min.

300.0



3.3.4 LY R MEE

RE T X5V (B-HQ) BL ALK VBT ZF N (B-1P) ZEMMEIFIZH W
LYRFDBEEHBZFIg.3-2.9ICR 7, (FHEBUL A ME, ZRPiICE&EN5
BELBRHORALOBLENGIRKICEZEILLYVAMNERARIS RGN Z LB
EBH DB, BEELHIZ. INEHILETE DI, LY X MERECBYEDE (FYF1z
WIWEWANEYER ) Td HESP-100 (BBAIEL (#k) B ) 2&FH L, 80C. 12080 ~X—7
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Fig.3-2.9 Sensitivity curves of the resit consisting
of B-IP and B-HQ.
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LY X FDREEEIZ7.0puC/cn®THENDIZI%N TH o720 B-IPEHAVAEL Y X FDEN

Fig.3-2.10 SEM photograph of 0.2 m L&S pattern profile for (a)B-HQ resist

(Dose;20.0 z c/cm?®) and (b)B-IP resist (Dose;13.0xc/cm®). EB acceleration

voltage was 50 keV and the initial film thickness was 520nm.
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Fig.3-2.11 SEM photograph of 0.10xm hole pattern profile for the resist
consisting of B-IP.
EB acceleration voltage was 50 keV, the dose was 11.0xc/cm”

and the initial film thickness was 320nm.
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BBEGEEL VAN RERT IR, RBAXARLBENRLOBBEEZL KX T
52k, Thbb, RBEBATOBBREZ /NS L, BEXBOBHEHEEL L& T
LILPEETHL,
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3.2 HE

3.2.1 LY XK DERK

LY R ME. N—2ABIE. BEINHA B L OCBBELEADOIRS L VBERT %,

NR—2KIE N —2BIEE LT & Y-p-t Zh7x/-W (PVP) O OHZE D —EB 4 % tBOC
HETREL (LAY (tBOC-PVP) 2ARLAVEY o 4E. &5, L 2 tBOC-PVPD
tBOCIE H1223.8% % T, T D{EIXTCA ( PERKINELMER# 8! TGA-7) kb ko™,
PVPIZ. A ELMMIEZE (BR) » 58 A L 2PHM-C ( Mw=5200, Mn=2700) % H 7=,

B AEH  BEBEAEFLUT I FUME (B) LDBAL LN 7420 4N
7v=b (TPSTF) Z B /o

WREMEH  ABROEEOH VR VBT AT VL 1,3- hhE 3 U 7 ({0790 R)
(IP)\ 4,4’ -t3yy LEABFM (D). A\ VY 72/7-4,4" -y ik’ VBB (DC) 2,2 -y #44UF0ER
(DS) % tert-7F v (tBu) = 275 b L =1t&% (£ 1 £ B-1P,B-D0,B-DC,B-DS) %
LAV,

DHNE VB Etert-TF NI AT NMET BHFETVNTNHE LU TH DB-DSE A
ETWAC B

200mlD4->17 5 R 2122,2 - #44YF4E30.0g(100mmo 1), HALF42060.0g(500
mmol), ¥ AFWENATIE (DMF) (3B LFANDIO%ME) 7.3gk MA. 5STLICBRT 5
TTHERSE -, TOBRKEIFM. EXR[WP TR (67C) &, RIEEILE
—BRETRGR I, RRIGOEFH I BFRE S, BRL 2LEYE . \ T
Vel 2,27 -7 FAHIFMBRIDYY R 1B 12, 200m1 D427 5 A 3122,2° -7 FAYIF N
my}+ 20.0g(58.3mmol), tert-7"4/-h (27 vV FO3fFYUE) 25.7g, LIV Y (BR7
=l %“@1.21%%5) 11.0g%MA. TLRKBBIHETHEHRE L. TOBRKRZ0T
(kAKH) T2BERH. BRXEHEPTRIG S, KW BERMEE. 21 oKi®
AL, BEHEERL., R ZREEEELR &, B (B-DS) 225.2molfE iz

3.2.2 Q% E
AR OREIX. FT-IR ( BEBER (B) BFTIR-4300) , "HNMR ( (#) BI#d
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YEFF 8IFT-NMR R-1500. 60MHz) , DSC ( BHAYIA WAZ j- (#k) BIMETTLER FP85) T
W, DSCTORlERHITIEZRFRS, FiEEELOC /nin. & L 2,

Fig.3-3.1. Fig.3-3.2, Fig.3-3.3, Fig.3-3.4iZ. B-IP. B-DO. B-DC. B-DS®D
"H NMRR XY P V&R L 2,

Fig.3-3.5, Fig.3-3.6. Fig.3-3.7, Fig.3-3.8iZ, IP(a), B-IP(b)®™. DO(a), B
-DO(b) D DC(a), B-DC(b)d. DS(a), B-DS(H)DIRA T FLERL 2,

Fig.3-3.91Z. B-IP. B-DO. B-DC. B-DSODSCOEERLR % HbLETRL =0

£ B4 (B-1P. B-DO. B-DC. B-DS) ®'H NMR. FT-IRICBIF % FiEMEHE % Table
3-3.11Z, $ELHTRLK, oy AL -BMEMHE A (B-IP. B-DO. B-DC. B-DS)

DILFEMHE (2 FE. s, DMFEE) %Table 3-3.2I2 7R/ L /=,

Table 3-3.1 The optical data of the synthesized dissolution inhibitors.

It was measured by FT-IR and 'H NMR.

Dissolution

e 'H NMR (CDCl,) FT-IR (KBr)
B-IP 1.6 ppm(s, 18H), 7.5 ppm(s, 1H), 2980 cn~!(m), 1709 cm ~}(vs),
8.1 ppm(s, 2H), 8.6 ppm(s, 1H) 1276 cm ~'(vs), 1176 cm™'(vs)

B-DO 1.6 ppm(s, 18H), 2977 cm ™ }Y(m), 1713 cm~'(vs),
7.0 ppm, 7.1 ppm, 7.9 ppm, 8.1 ppm(q, 8H) 1248 cm™'(vs), 1158 cma™'(vs)

B-DC 1.6 ppm(s, 18H), 2978 em ™ '(m), 1712 cm~'(vs),
7.7 ppm, 7.9 ppm, 8.1 ppm, 8.2 ppm(q, 8H) 1270 em ~*(vs), 1150 cm™!(vs)

B-DS 1.6 ppm(s, 18H), 7.3~8.1 ppm(8H) 2980 cm ~'(m), 1698 cm~'(vs),

1260 cm™(vs), 1145 em™!(vs)

Table 3-3.2 The examined dissolution inhibitors and the chemical properties.

Dissolution inhibitor Mw. m.p Decomposition
(°C) Temp. (°C)

mocly  gapy 278 94 240

tBuOOC‘@'O’@‘COOtBu (B'DO) 370 70 240

1Buoo<r®g@—comsu (B-DC) 382 122 225
$7s{) (8-0S) 418 133 215

tBuOOC  1BuOOC
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Fig.3-3.1 6OMHz'1HNMR spectra of B-IP recorded in CDCla solvent.

(@ (b) (b} (b) (b) (@
(H:C)JCOOCQ—‘O‘@ COOC(CHa)a [

(b} {b) (0) (b)

(@)
B-DO
(b)
\1/" '\./'

0.414 1.000

Il[ll'lIII'[II’I'[IYIIIIIIlll[llI!lllIllllIlIl’lllT
10.00 8.00 6.00 4.00 2.00 0.00
PPM

Fig.3-3.2 60MHz 'HNMR spectra of B-DO recorded in CDCls solvent.
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Fig.3-3.3 60MHz “HNMR spectra of B-DC recorded in CDCls solvent.
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Fig.3-3.4 60MHz 'HNMR spectra of B-DS recorded in CDCls solvent.
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Fig.3-3.5 IR spectra of IP(a) and B-IP(b) (KBr method).
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Fig.3-3.6 IR spectra of DO(a) and B-D0(b) (KBr method).
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Fig.3-3.7 IR spectra of DC(a) and B-DC(b) (KBr method).
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Fig.3-3.8 IR spectra of DS(a) and B-DS(b) (KBr method).
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Fig.3-3.9 DSC curves of B-IP, B-DO, B-DC and B-DS. A heating rate

is 10 °C /min.
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323 LYAIMABKROHAE
LY R PBERIES 4.0g0 < — ZfHIE (tBOC-PVP). 3.6mmol D& MK & & O

0.15gD R F 4K (TPSTF) # 18. 0gDIBEF (y7uA ) V) ISR S B L /- (Fig.3-3.10),

4 )

) ) —{CHy H“)_(CHz H1,
Matrix resin é g;

ococ (CHa)s

GBOC-PVP)

Dissolution inhibitor Carboxylic acid ester

Acid generator (@E S 7080 »CF3

- J

Fig.3-3.10 The three-component chemically amplified resist.

3.24 LYRMNOBBEEHE
ATE TR U 28R 20 A3y 74 (HMDS) ML =2V a vy vz LT E
va—hrUL.s ky 7 L—FETI20C, 0OEIMB LU EELZEL, ZOHEEZTI
AFRTVEZOANM P 04 L (TMAH) 2.38wt% KB ( NMD-SERISAL (Hk) B ) 12,
5. 10, 154 &5 TR B0 MBRE L. TOE~ND B LD RBILMWOBEBEEE
R BEEIZDEKTAK 303012 & h BIE L 7=,
BAXBOBMEELXRET H2HE81E. LA ERIMSAE LYY a vyl
A E Yo — ML 120°C 908 I Prebake L #HizDeep UV (FEHIWE : 7mW/cm®)

%100mJd/cm®fB A, % D% 3 < IZPEB ( Post Bxposure Baking) #80°C. 90°C. 100°C .
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110C. ZNFNOMHE DAZHETIT » /2o RIT, ZOEHEE X NMD-3FIZEE L BRI
RBETHO HETEHEL (V52 02008) « HEBEEL VEBBREEZRD =,

3.2.5 LYAMNETFIVOBBEENE

BENEHOBBMIEDREEZBEBICT A0, BREAFNEZEEILBLVEREBERREST
NEBXHETNVERERMU, ZNODEMBHEELZFMU 2o

B

KBXRBETVIE, N— BB/ BBEOHH. 5705, tBOC-PVP/B-1P, tBOC
-PVP,/B-D0, tBOC-PVP,/B-DC. tBOC-PVP,/B-DS& U 7=, SABLHIZ. 4.0gD X — 2
JEE3.6mmolD Y HNRVBIATNLERIZS gDy 7 anF) /) VICERISHY
L7

BAEETF VI, N— ABIE. BENEFE . PEBRICELIIRIG. oM@ L&
& X4 T A, PVP/IP, PVP/DO. PVP/DC. PVP/DSHERL % VESBI U 720 AEALHLIE
3.2gDPVPE3.2nmol D Y A VR Y ER & & 6.8gD Yy AFLENATIN (DMF) BEIZ S B s+
FBIL A5, PVP/IPOMA A LRI IDIFEBICER LA -2 BAHET
VDB REETREL DH, - iz

B KRBT EFLVORBO AL, HDSRUE LYV a vy I I NERKAE Y
a— MU, BIBRDOEHTERKRZE 2,

B (BEBEERE) BEeRKRELUTNMD-32FEAL -, BREEIR., HE
B EHBIRIZS, 100 1505 T LICmE4I0nEEEL. Z0ENDE L DR

77

3.2.6 REXWETFTNLDON— 7 BEDOHBERE
BEMBIE OBFEINEIE (tBuR) O MEXIREAVTIHML Lo N— A/EIK
(ZtBOC-PYPTIZ A < PVPE A UV, BWREIHF OWMBEDOLODBEREREL Iz,
AT, 4.0g0 X — 2 HHE (PVP) | 3.6mmold ¥ fEHHIA (B-1P, B-DO, B-DC,
B-DS) #15.0gD vy 7 o~dH/ VIBHIZEBRSEER L, B2z YaryyIn

rizxEva—tr L. "=2LB0bD, kv T L— FTL120CT ., 180WE~N—7
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Lizb DD2EEOBBERZFR L /o BRAMHIE (tBukk) OTHERIT. X—J KD
1140cn™ " D3WMHAE DT AA VO BERBEHICEB SN2 RROBEEZNVE VROR

i (1510cm™ ") THBLEL. R—Z7 0 FNEHBELRD 2,

3.2.7 YUV ¥ T 7 4 — A

VY 75T 4 — AR N — BRI tBOC-PVP, ¥ M #IHI #1112 B-DOL B-DC.
B-DS. BAFAEFIITTPSTFAZ W TIER L /= 4.0gDtBOC-PVP. 3.6mmoldB-DO ( B-DC.
B-DS) . 0.15gDTPSTF%30.0gD v 7 u~FH /) VIZEBRSE-3EHBTHL, TH
5DEBEHMDSMB L -V a vy I AEYa—-bFLUs &y P FL—FET
120°C . 90Fb[ElPrebake® T WHMBE % 572, ZhiDeep UV (FEHGRE : 7TnlW/cn®) T
BHEBAZZBENXL. F0# 9 <IT100C, 90 M mE4L3E ( PEB : Post Exposure
Baking) %17 » 7= TR{RILNMD-3TH50MEIT » 720

Fh. LELVLVA MDD B, B-DSEEMBHIFFICH WAL Y XA P DA, EBHIE
BETHHMML7e B-DSEAVAZLY A FEZHDSAE L2V avyy Nk EY
a—b+FL. Ay P L — FTL115C, 180F [HPrebake# T WEERE /2o RIT. LY
2 bR R E (R YFIIVT M ANEYER ) TH B ESP-100 (BEFIE T (#k) )
ML, 80C ., 120N —2 Lo B OoNT-EEEBEEIEE ( (k) BILR(E
Al BLHL700D. N3 B JE50Kev, 4A/cm®) TEXE L 727, 80°C. 90°C. 100C T, Z#
Z N 1208 B D35 TIELIE (PEB) 217 - 720 HARIINMD-3TE0M 1T » /oo /¥ %

— VRO RWE RS — VRO REILSENC £ D o fo

3.3. WiRLFR

3.3.1 LYRVNOWBBERE
BEEFON— 2B M T 2RBMENEr KV EEHWBELTEY T
(KBTTIHA4—-2ETRR) . S TCREBNEFOBBRYEIHIPENTS 5 /-
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Oy REXLETNVICBBREBEEAZRMLU Lo 72,

KRB ET )V (LBOC-PVP/EMHIHA) . LYRAMKRBATB LT LV A FEKX
OB HEE DR % Table 3-3.31CF LD TR L 7co BEIHA OB S & REXK
ETFTNVBLO LI A PRENREOEMHEE L OBREZFig.3-3.11ITR L /=0 B-IPEL
HOBEFBIMEAEIB SO EF I, KRB, RBAWETNVE DBHHEITE
TIo2HAKRS - /oo BN OBEMBRMEIA ZENL 25 &KL OB BEHIHF %
BMUEGEITEEL. BEOREORTIrAIF NI EEZEZONE, 2D, XN
— I, BEIHA R - 2BIBOLXEESMEBMD—F TH 2PVP (BEBEHHIEOH
BIEH DD ) COoBMIPrMAONS . BREEAEN NS EZEZLLN S,
ERNEHrBHEINEDRERRAT S2D0E, N AHBEOXESGHBRLDO—FTH 5

0.5 °
—_ B-IP
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g N e —
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©
T 0.3 |
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B
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Fig.3-3.11 The relationship between melting point of the dissolution
inhibitors and the dissolution rate of the resist in unexposed area
and model-composition unexposed film. @;model-composition
unexposed film. Wl ;the resist in unexposed area.
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PVPOOHEE L EMBIIH A OA VKoV EENHEEER (AFRES) 2RI L. X—2
BIROMHEDOH KN ET L. BOBBREIBLTELbEELONEY, B-
PiIfh B MBHHFFIZHE L. XV EVRBOEDP DAL GF VA4 XS 072D,
PVPHBIIE L KREE AR I L THBMBMED RS, hoBEBEAHAZH WL
VAMIHBLTBEBEEIPREP-TREFELON D,

Table 3-3.3 The dissolution rate of model-composition unexposed film,
the resist in unexposed area and the resist in exposed area. Prebake
was carried out at 120°C for 90s. The exposure was 100mJ/cm® of deep UV
radiation and PEB was carried out at 80°C for 90s. 2.38wt% TMAH solution

vas used as the developer.

Dissolution Dissolution rate(nm/s)
Inhibitor Unexposed area Exposed area
Model'’ 3C Resist®’ 3C Resist
PEB(C) 80 90 100 110
B-1P 0.48 0.30 100 190 300 260
B-DO 0.17 0.12 x 3 X 190 370
B~DC 0.10 0.10 X X X 300
B-DS 0.02 0.04 17 34 380 560

Y Model was consisted in matrix(tBOC-PVP) and dissolution inhibitor.
®73C resist was consisted in matrix(tBOC-PVP), dissolution inhibitor
and acid generator(TPSTF).

%) % means that the resist was not solved in TMAH 2.38% for 50s.

X

WIZ, BREMHFIOSFRELELVY A MPREEATB LCRBERE T VO BERRE
fi

1

>
=

EDBREFig.3-3. 1210 R Lizo RBEHI, RBABEFNOBEMREE & b,

=

HMEKODTEIKELLBITON—BIZNSLBBZIEPBELILITH»ze &
3. BRI OSFENAEZNVEFER-IABIEOHE L KZEEEG L L ETER
MIEMENKREL G BRDEEZLND,
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g BUBEHENHAZEAZRNL 2860, REAFET T VI DRBERBLOB
BHEEDTWBNE P oz THIT. REXTOMAMICIIRBAER T TV OMAIC S
LCIRBMALAPEEINTE L, BEEHOR - 2B BT 2 B 2 B R
HHFFDOENIDREVLDTHS (4—-2BTRA) o LL. REXLEF NV
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Fig.3-3.12 The relationship between molecular weight of

the dissolution inhibitors and the dissolution rate of
the resist in unexposed area and model-composition

unexposed film .
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DHEAICHEDRPRE 0D, BEAFFOSFENIKE LD IT DN EFIH
MM RAKE BB EZL BN S,

O, AMETCHEALAZBBRIEAZ. 2TEFERZ LY TR, 2EORY
FPUVBEHEALTWAEREN-S-S-. -((=0)-, -0-&{t2EEZzDbDHEN D,
HosT. TOEHEDEVNVCLIVANEVBIRAT VDA VEZNVEE R~ ZHE
DOHE L DKREEOBENNENRT DL IERTILEND S,

I, LY R PBRBOBRBEEE L PEBRE L OBF %2 Fig.3-3.131Z/R L 7=, B-
DSEA W/ LY R TIEPEBEEHNS80C, 90°C, 100C, 110C & FHL 2 B I ONEE
HEEHEMT AHEMICH > 2o —H B-IPEAVAEL LY R L TIX100TC E TILBEHR
BEEIXHmMT 5229110C TRBIET Lo INZ. PEBEEDN S VES OLEEIRR
VLY A DR AEBEREELOND, ART BT ZEERIETIE. BICL 2
tBOCE S tBuE DA MBRIG E . BIRIETEBR L7 2 2 VT VA NVITEBEBRIGE
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Fig.3-3.13 The relationship between PEB temperature
and the dissolution rate in the exposed area of
the resist consisting of B-1P,B-DO,B-DC and B-DS.
The exposure was 100mJ/cm2 of deep UV radiation.

_84_



WHEFRIETEI-TWHEEZEZOND, T00B, DBRIGIEH S5 L)L THEM
ET AP EBRIGIEE SWHEITT 520, PBBREFE 22 EEBRIGOEHEH
DERIGE EED . LYRAFORBE (xHFE) 2B EEZOND, EEF S,
N — 2B PRI tBOC-PVPEMAELFICA Z v AE R AW EAE. XBHEN S L HIE
TRBAAIBIAIEEREL TS,

—4< B-DC. B-DOZ Wiz L Y A b Tl PEBIRAESOC. 90C DEF&ICIT. HEBK
WESRBETHBH0. PEBREFS LR T 5 L[ IZH -7z THIE. KWPEBRE T
(XtBOCE . tBuED @I DI ST AN VRBRICER T 2L TIRE> TRV I L
TERLTWS, KLVAMRTR, BHEIEHOL VX MZ & 5 HEETH20wt
U THhHM. BEMHFOLEHEICL > THERBEBHILCES LD - o
o T BRETIT, BHEIHF OLFHEE (2HORVEVREBEET H5ERE)
WLYAMDOBEBEBIIRKERREE N5 ZL5L 025,

PEBIREE2S110C D L & i WM HEE D K & o fo L D A M IZB-DS% 1 #11 il #1112
HnldbDT, 20 & 2DBEMEEILS60M/STH » 2o oy KEBEXRLOBMEE
Wb /NEP->72DHB-DSOL YR L (0.04nm/s) TH -7z f€- Ty B-DSDL ¥
2R RBAMEBALBITB O TROENBBEEOE (ZDL R\ ALBLE
R DB MBHEHIZ14000) 2RI ZEVHBA L, TN LD B-DSEHWAZL VX
PEIRTFARBEBEFBONS I ENYGETE %,

3.3.2 BREME A OB

Fig.3-3.14. Fig.3-3.15. Fig.3-3.16. Fig.3-3.1712B-1P. B-DO. B-DC. B-DS#%
BREMEAICH AR OIROBEREETR T X— AFEITBOC-PVPEH WS &
BRIEFOMEEE O -y SRS RER 2, ~— ZBIEITEE ) (p-t 27/
W) (PVP) 2 iz WFNORIKENTH. R—=27 R LOHAEIT (a) 2, 1207C,
MM R—27 LEE&IE (b) IZFRL A, 80C, 0MM~N—27 LAEBADF +— i3
BIEL 720

FNFNDRE DO tBuE D BFEXR L Table 3-3.41Z/R Lz, HOMEIX. HB D~ —
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Fig.3-3.14 IR pectra of the resist consisting of B-IP bhefore prebake(a)

and after prebake(b).
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Fig.3-3.15 IR pectra of the resist consisting of B-DO before prebake(a)

and after prebake(b).
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Fig.3-3.16 IR pectra of the resist consisting of B-DC before prebake(a)

and after prebake(b).
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Fig.3-3.17 IR pectra of the resist consisting of B-DS before prebake(a)

and after prebake(b).
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7 Hi#IZ B A tBulk R (1140cm™ ') ORWEBE 2. X V¥ VEO =R MRS
(1510cn™ ') THEEL DD TH B, tBUEDOBERERIT. N — 7 BT tBuEs £ <
DHBLUTVARVEREL, R—VBOEEXR—VHDBETRLUELL 2,

B-DSLAA D EMEMIH FIC B 0 T WEHHE (tBu) O —HIBSML T 5H I &
Boh B (B-DSONBEBEILT P2 TH S ) o B-IPERVEZBADHMOL T &
iZ. B-D0> B-DCY B-DSDOIETH 5, T NIk, Table 3-3.3D KTz & D 15 M o £E A3,
B-DO> B-DCY B-DSOIETHE W I L iz—HH Lo &> Ty B-DO. B-DCDEE, ~— 7
D ERFE T MMHIA D -CO0tBukk © —H# s 84 7 fF U -COOHE T 73 b I % o5 7 v
U A EICET B5DIKH L (Fig.3-8.18)  B-DSOBZHEF LA LELL R
W ED, BDSEAVWLEBEOBRBREN NS REREEELOND, TN,
ATEOREBEMBHNHFEZHOZEE XN— 7 BICERBAHFIOR— 2@ jEd T
DIRE I HH s, BROGEHHEN—-—XABEOEESGHERDO—FTH BPVP (5 EE
HAob) LogfrflzohzbiZeELLNS,

Table 3-3.4 The decomposition amount of tBu group after

prebake for the model-composition unexposed film.

Materials Bake®’ t-butyl-group
absorp.?’  residue(%)
PVP/B-1P before 0.34 100
after 0.30 88
PVP/B-D0 before 0.38 100
after 0.30 78
PVP/B-DC before 0.36 100
after 0.28 79
PYP/B-DS before 0.35 100
after 0.34 98

" Bake was carried out at 120°C for 180s.

1

®’The peak intensities of t-butyl group absorption at 1140cm”

was normarized with benzene ring at 1510cm™'.
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BIIKREP -7z, THII. B-IPOBSBEEEIEI/NES AN DBL TR WB-IPL
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Fig.3-3.18 The decomposition mechanism of carboxylic acid ester.

DBBEZIZETNTOBRBEIHA T230C < 5 W TRER L (Table 3-3.2) o
I, BENEHFOBMINEHEN T N T-CO0HE X tBuz A7 Vb Lt &¥MTH
505 ThHbDo 72/ —VOOHEEZLBICEL b &WDEE. BRIIZIEIN N 08/
DOHE ZtBOCL 72 L AMIFI80C I NME AR T HI LI 3 - 2HTHE L #
STy ANVKVBERLG-TF VT AT ML & WwIE. 7 2/ -V E2IBOCEL 721k
EPITHEL. HBIBEENNSOCEESCIBLIES VARERCEN LAY T
HHEWZ B,

lEEh, BMEBEOEHEERL VX P ORSITIL. Prebakely 17 75 & #1 H & A
DBUICLCA . PORBEROBMBEEDOELS AL, BREERICEN-GHA, &

AFBOVHANEVBBIZATVERBWSREHFTI LI EPFELNITA T,

3.3.3 LY X MK
B-DO. B-DCh & U'B-DSH BFMIA K =B WAL VX b ORKEMIE (Deep UVIBE.

PEBRO°C 90FPf ) #Fig.3-3.1910R T o Ben BB (BHE ()P RBINIBEXE)

X, B-DSHE A7 L % b #8md/cm. B-DOAS50mJ/cm?. B-DCAT60mJ/cn®T. B-DS%
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LY R FOBETES LR LN, REHRr 6 DEARLERIBON,
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Fig.3-3.19 Sensitivity curves of the resist consisting of
B-DO, B-DC, and B-DS. Prebake was carried out
at 120°C for 90s. The exposure was 7 mW/cm? of
deep UV radiation and PEB was carried out at
100°C for 90s. 2.38 wt% TMAH solution was used
as the developer. @, the resist consisting of B-DO;
B, the resist comsisting of B-DC; 4, the resist
consisting of B-DS.
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Fig.3-3.20 Sensitivity curves of the resist consisting
of B-DS when PEB was carried out at 80°C, 90°C,
100°C for 120's. Prebake was carried out at 115°C
for 180s. EB acceleration voltage was 50 keV. and
the initial film thickness was 520 nm. 2.38 wt%
TMAH solution was used as the developer. O,
PEB temperature was 80°C; [, PEB temperature

was 90°C; O, PEB temperature was 100°C.
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Fig.3-3.21 SEM photograph of 0.12m L&S pattern profile for the
resist consisting of B-DS. EB acceleration voltage was 50 keV, the

dose was 80.0«c/cm® and the initial film thickness was 520nm.
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4—1. BREREREH OpKal BB OBMEE
& o Bg R

4.1 ¥ =

BREBELYAMRRBETLHICE, RBERLELMEOBBEREZZKE(T
ZIENEETHE . IO, HERBELELY R MIZIE. X— 2BE. B
FEFOMIT, W3R LU T, BREGEZz O E2BBAHANZRML . B#F
MER (AR VBRIZAT N, KRBT AT NVE) IBEBXTRELET o b v ERIG
Uy ANVEKRYB, 7 =2/ —NVEIZELL, TAH U KBRIZUTB LS EFTF
BMansz?, Uhb. AIVKERVYB, 7=/ —VERERDFREDLEDT VS U KEBRK
AT 2BMENSE R—AWEOCBRBELMET 2 BMEERIC/L DT L H
fFEh b,

AETEH, LYVAIEBXRBOBRMELRESEDL I LITLD. KRB L BAE
DEBMEEDOEZZIRL. LYAMNEBRELZ2ALEEEHERICOVTRAET 5, &
NET. BRMHFPBERCLVEMRL CERT 2 BMEES OB ME (pKa) 2 1M
%K%ﬁéﬁ\vib@%%@%%EE%@ﬁbthmwo&—Xﬁﬁu%&
PVP) /A2, BMAETRE L 270 b VERSIERIEL TERT 5+ J(p-t’
2h73)-h) (PVP) / IS IRARE R D2 D 2 S BB BRE DO E T VR EH L. IBIRIREH
Dplad Bl X EED, BEFEFTAOT AN Y KBKICHT 5 BREE % 2
Lo RIEMIT. BREER L L TOMBEITEH %IRRT 5,
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4.2 S£Ek

4.2.1 FEf A HEE

BAEET NI, BAEROHBREZEEL. MTRRT2HS (RX—28E/B
BREER) o 2B EERL 2 X— 2BIEICIE. tBOC-PVPHBEXTHREL &=
T b VERRIIRIGU R E EITAERT 28 Y(p-t" 2h7z/-) (PVP)EIEZ B -, &
RIEES (BHAFHFIBEARCELL TERT 2LA4Y) KX, REFBRFEK
BRHWZ, CHE2HAE VU AFARVATIF (DNF) BEICHEME X M08 &
Uteo BLE L. PVPHIEE /R B FBHEA/DNF=3.2¢/3.2mm01/6.8gD | & THT » 7=,
ZREMBFEEAED3 . 2nnollT. PVPEEE ©26.7mmol (3.2g/120g) =5 L T

0.12127x b, ZHIEPVPEIEDOOHAELIOOBEIZX L TH A A F A FIZEIZHY T 5,

Table 4-1.1 pKa of benzoic acid derivatives and solubility

of the films"’

Benzoic acid

derivatives pKa Solubility in DMF®’
S-CsH.COOH®
0-NO2 2.2 O
0-Cl 2.9 O
p—NO- 3.4 O
0-Cl 3.9 X
H 4.2 O
p-0CHs 4.4 O

UFilms were made from the solutions that consisted of 3.2g of

PVP, 3.2mmol of benzoic acid derivatives and 6.8¢g of DMF.

» supstituted-CsHsCOOH

37 (O)soluble; (x)insoluble.

_97_



BRREEFNOEMENFETNVEOBBREELSZ2HEBRANDI LHIZ, —CEE
DPVPHIIE (3.2g) WHKEBEBOHEME (3.2, 6.4 12.8mmol ) 2 E{ w2k %
EEIL 7=,

Wiz, BRERER OpKak T NVEOBMEE L OBBREIEET 372D, pKa® o
B bR ERAEEZPVPHEIE (pKa=4.2) WEML BB 2 /ER L iz, B L
ZEEBRFEER % Table 4-1.LIZ/R Lz ZDHF T, p-2t0ZEERE O A DINFBEEICF
BT, TN VBBBRETOBRMEEIRD SN D - o

Tl RYEVREDANKF VNEDEN R DN VR B % PVPEHIE IS AW L
oA B REE U 2o Table 4-1.2I1CR T &HIK. 7L 72— B, PU XYy I EED
FTET XY » FERIEIDNFEEICEFEE T, 7TAVHVERBRBRFP TOBEMEEIIWET
Elahrodeo PUANKYEB. T FTHNVKVEBIDMPBEIZEBEL LD - iz,
HNVEFVNVEOHRBOSEICLIIBEOBEMEE LRI, T/ ANVKVBEY AN
RUBERAOEZERIZEL TDHEFT -,

NVEVIRECELLIERELZE T LIRMEEANLL T, BEREISAVEF VL
Eobtaw (78—, AV 78 —NE) &, KBEO{LLED (XFa—-1. L
SN/ =) RPVPRIHE IR L S B R EBLL 2,

Table 4-1.2 Solubility of carboxylic acids

Number of Carboxylic acids Solubility
functional groups in DMFY’
2 Phthalic acid O
Isophthalic acid O
Telephthalic acid X
3 Trimesic acid X
4 Pyromellitic acid X

“TFilms were made from the solutions that consisted of 3.2g
of PVP, 3.2mmol of carboxylic acids and 6.8g of DMF.

(O)soluble; (x)insoluble.
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4.2.2 BOBHEBENE

EB LB E2 vy VavozankiczaEva—-F L, 1200DKy b L—FT
W MBAL., M2 mDER LB o T DHEEZTIIATIT/EIALL 137} ( TMAH)
2.38, 1.90, 1.40wt% KEHKIZS. 10, 159 ¢50 M T L ICHRE400E T TRE L.
ZOBERDVBEENFNOBUEUTHUABEOEHEZ2BEOBRBEEREL L, BEIT

U7y A—2 THEEL =,

4.3 MR ELER

4.3.1 REBFBROGTMBLEOBMBERE &L 0 HE

LEEMFERDILLREAEREREL, BEhoOA VvKF v VEE LB (PVPHEIE
/LEER) ODBEREEEDOBEBREZHANT,

Fig. 4-1.1IZR T LD, ZEBFBOGMENENT 2 E EEOBBHEEIT R &S
BBIENDP ol £y TAAVEBRITIT, BELHT 52.38wt% D THAHK
BREMNZAN. LIOWRDEBEOCHBGREZMB VW EE&LVL. ROBEEE
ERKEM- T,

PVPBIBIC L EFBREZRM L L 2 0B BREERZI, KOIDITHMHUTE %,
ZEEBOGRMEBOBEMIZL Y, Bhor VRF IV AVEEENEML. T4 YK
WPDEERS EDEEHEEN G b, ZDR. FRGIE PP ITHELIED
EHU. TV IKBRICBEE T 50 —FH TAH VKBRORENF® WS
KBBFOEER P EZ VD, BPOBEOEEEEIS 20 RIS E

ExNZEEZOND, BORBESIT, BhoBRE TN ) KBETHOEERS
EDOFRRIG. WNTRIZEARLZEOBHEECIVHEBET LI ENTE, ER
DEBREE» S, BOBMREIPTMRIGFEEL TWL3EEZI SN D,

Hb. BEEBREMEN12.8mmolé L WF AT BEArAB LEEDOBEEN I 6
ThHhofoo Thit, PVPBIIBLLZEAFTRLEOBM T, HOEIE IO EEEADL
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Fig.4-1.1 Relationship between amount of benzoic
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acid and dissolution rate of the films.

4.3.2 BRREEF OpKal BOoOBHBEE L O HE
BRREER OBEE (pKa) EEORBEEE L OBEZRE2BI Uik, pKafli0 &1 3
fte&we LT, REEBRFERESHEEHR W, Fig.4-1.2IL R T LD, ML

CEEMBFEAROpLKaffirs/hs iz & (BEEIFKEWIEFE) . E (PYPEE/

MFER) OBREEITIREL LB I ENPELNITE » 2o
P> T BRBEMEFPBELBICEAL TERTIERREERNOBREE S NIT L.
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BABOBMEEIKRESALD, VYR MRBEABLBAT L OBBHEEEZNRX
Uy ZOFER, LYRAMNIEBBRECR LI EPFTFHEEN S,

BUEYWE OEERKER (TAVAVHRBR) ~OBEREARIBNBETDH 5, 7
bbb, BEME THIENEEMKBRIFBHT I ILICLD, BEDELEE
M E G FRRMUENERL. BBRIZEBEHT 2, TOBR., HEEYE O H Bk
MM, EEEKBROBEEEOHEMIEIZ2EE2 605, BMWHE DpKafl
AR (BEEFEV) 0D LR, BAMYELORIGEEIFGHE NS Z
LT, ERBEFEINLTL, 2071, BEOBHBEENFENLZLEZ LN 5,

150

m-COOH (IP)

o-Cl

1.90Wt% o p-Cl
TMAH

—
o
o

Dissolution Rate (nm/s)

H
p-OCH _
o-NOz\

50[ N

I O o

- o-Cl

I BT SR SIS BT

0
1 2 3 4 5 6

pKa

Fig.4-1.2 Relationship between pKa of benzoic acid
derivatives and dissolution rate of the films.

R
HOOC ; = 0'N02 ,O"CI , P'CI R H’ p-OCHg ’
m-COOH (IP)
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—F BERE DI EFL TR EOATELD EHMABBE VA, B8
BOERPHNLEBLLE VA S, BUEBELZRXREOTNVA VKBRIZEBEBT 56,
CORIIEBETNVHVOHRFRIGEART IENTES, BEPOBDpKass/hx
EWD T LT, R@)LD, ANKRVEBEHBET VI U KBKRF CROOHOEE THEET
LD, RO DEBETCHETIHGHFBEVE LD Z LI B, ROV DENS L &,
RGBT KRBICHEET 2HEA 4 Y ((Ha)aN*) EORIGHEENE 0.
BIGh{RESN. 2DEFE. 2RO ( [(CHs)«NI " [RCO0] 7) AAEMKL (R3) .
iﬁ@ﬁé:iﬁdﬂ?%o Fl. RKMEFHRIGLDO T, R(B)DHFR G TRCOO™STHE
EN2EEHITRW)DORIGIZALITHEE L. RCOOHIE X 5ITRC007IZA b A + v
((CHa)oN*) EREHEIML . EOBMEERBATZEELO6N S,

RCOOH < RCOO™ + HF (1)
pKa=-log { CRCO0™1 [H*]1 , L[RCOOH] } (2)
RCO0™ + (CHs)«N"™ — [ (CHs)«NJ * CRCOOJ ~ (3)

MEDER® S, ANVKVBON— ZEE (PVP) I3 2 BHEERRIIXRD &
DRHMT 2T ENTEDL, REDT A Y KEBERICE (PVPRIE/ANVK UV B) &
BT 52 L0 LD, KBEETORERS ., BEOREEDS VST ICEET 5,
SEDEEIT. PVPBIED T 2/ — VIO b ANVE VO ENBEEN SV -HIT,
ANKVBOANELEMIZEEZIBENTEEEZONE, COLEANK/BE
IKBBRPOIBEM D &N, WMREUPMRIGH;EL I DIEIAEBR L. T8 Y KBRIZ
BHT D0 ANVKEVBOFIRIIERMICESN~RESN S LT, BIZr 4K
WHWX DB REBIZAD, B- 2PVPRELEEN T EORIGEESBEML., PVP
BMEEFORBIrREESINZ EEZLON S,

4.3.3 BMANVKVBREROBHEERE &L OHE

RV VEBLEOANVEFUNEORPBRLZBZANLEVBIZOWT, 2NEFNDH
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NVEVBEEDE (PVPEIE/ A VR VE) OBBEEZ LKL 2,

200 i 1 ] ] I 1 H I 1 l 1 T 1 H I H 1 1 1]

I PA |
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= i
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= i
S% |
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pKa

Fig.4-1.3 Relationship between pKa of carboxylic acid derivatives
with 1 functonal group and 2 functonal groups and the dissolution
rate of the film. The mol amount of carboxylic acid derivatives with
1 functonal group is same as that of 2 functonal groups. Concentration
of the developer is 1.90wt% TMAH. Amount of functional group:

(O)1 functional gruop; (@)2 functional gruops.

R
HOO&_@ ;R =0-NO, ,0-CI p-CI H p-OCH,

IP;Isophthalic acid, PA;Phthalic acid
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Fig.4-1.2IKR L&A, T/ AN RVBOpkab EOBMBEE L 0BT, B
THYOEEI BN, 4V 7 % — VER(IP.pKai1=3.5, pKaz=4.5), 7 ¥ — V&
(PA.pKai=2.8.pKaz=4.9) D LAV I VK VBEEGHIZE VT, BEOBRBEHRE
EHNEVYBOE—BEER (pkar) EOBKATTF Y OBBEIBAEND T EHH
LTI - 12 (Fig.4-1.3) o YANVKVBOFE, 2ZBOINVEF I NVEDORNIEHE

500 LI N RN NS I B Mae S B NN S R RS B SN N MRS B
400 —
~ [ ]
£ 2 .
E i |
E 300 | ]
2 L i
P - -
m L R
- - h
ég 200 —
=] - i
O - 4
()] B N
R
0 5 .
100 1~ o-Cl 7
I P ]
[ H ]
0 L1 i ol 1 [ 1 | | 1 [ ] 11
1 2 3 4 5

pKa
Fig.4-1.4 Relationship between pKa of carboxylic acid derivatives and
the dissolution rate of the film. The chemical equivalent of carboxylic
acid derivatives with 1 functonal group is same as that of 2 functonal
groups. Concentration of the developer is 2.38wt% TMAH(@®,O) .
Concentration of the developer is 1.90wt% TMAH (IN.(J) . Amount of

functional group: (@ ,MM)1 functional gruop; (O,[J)2 functional gruop.

R

1P; Isophthalic acid, PA;Phthalic acid
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WIEERSEPRHRIGZREI L. CORBETTAVA VKBRIZBERL T EEZ
hid. BRIFE—BHEEHK (pKar) ORITEKEFET 2EELZOLND, Thbb, £/
ANKVBOREEBRFBAROBREN, = FoEPHEREORDDITH VEF Y
NEIZR-> TR EEZEZNIT L,

DLW VAINKVBOEZMHEER (pKaz) THOBBEREEEZ 77710
i, AEPDOBRICRoTUE Y, 4.3.28HD [H VR VBOpKans/h S 0 ig &
BEOBBMEERIREN] LWIBALATEGHELEVWIENLGBAAD, £ Ty ¥
ANKEYBEZRERMUL BEOEORBEEIT., BB EH (pkay) »"ZEMNTH
LT EWELDPITE - 2o

W, VANEVBEE) ANKVBESTNVMALBEDOpKak EOBBEEE &
DBFRERI U, Fig.4-1.35 0, YHINL R VBEZERULEZEBEOBBREEIZ, £/
ANKRVBOREOBRBEELI DO KRELIRDZIEFbI >k, IhiZ, BEdhos
RFEVNVEOREIFZNEEWIZE. BBBRPOEER S L OEEHEEN G 2D
FHRISPRESNKOBBEREN K& A IRDEEILOND, —H. ANVKF
VINHBEBFEFLLADEDIT. E/ANKVYBOL/2EVD VA NVEVBERMLU
BACHEH. T/ ANVEVBIIHEBELETFREWSSVDOBMHEENF LN D I &0,
Fig.4-1.4& D b - 72,

PlE&ED. LR MBEBOBMBEEDOH LT3 BRI pKads/hx 725970
NEVBDOIZATNVEEDEBBEMEHRHICBV2 LRI EFWELPITH - ko

4.3.4 7=/ - NVRBEBREF L OHE

HiE T, BRBELERNE LT, BEENINVRF U LVED T ¥ — VB (PA), 1V
78 = VBR(IPUHIZ DWW TR Uiy KETEHKBEDOS 72 -1 (CA), LYY
J—=RE)E ZENZNPVPEBICHRM UL E0BEOBRBRELZMEL. EREDHE
Bk 2 BBREDR % LBRE Uz (Table 4-1.3) o

Fig.4-1.51Z\ PA,IP,CA,REDpKa: L EDEMHEE L OB E R LUz B2 5 BEHE
EEETAINVE VRYBBREEFNCERL TS, BOBBEE I pKaEr /NS <R
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2IEFEREL LTz ZNENDEBERHREDLEYEHIZPVWTEREEEL HE T 3 &,
ANVKVBRTIEPALIPTIEpKka1 DENS1IDES 12, BBEEOZIIKE D - /2,
—H. 72/ —NVROBBRER TH HCA, RETIE. pKar D FEEIE N 2 DR
DEREEIIKRER D - 120

INLDI Mo, BREREESIZ. ZOFHREOLEBEIZLS T, pKas/hx

BETRDBBMEENSKE VEE, BOBREEEIRE LD I LM b o o

400
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E 300 [
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L AN
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Fig.4-1.5 Relationship between pKa: of acid compounds with
differnt functional groups and the dissolution rate of

the film. Concentration of the developer is 2.38wt% TMAH.

- 106 -



Table 4-1.3 Relationship between pKa of acid compounds with differnet

functional groups and the dissolution rate of the films"’

Dissolution promoter pKa Dissolution
pKa:1/pKa: rate?’ (nm/s)
None 77
Phthalic acid(PA) 2.8/ 4.9 312
Isophthalic acid(IP) 3.5/ 4.5 200
Catgcol 9.2/13.0 99
Resolcinol 9.3/11.1 101

’The Films made from the solutions that consisted of 3.2g of PVP,
3.2mmol of dissolution promoter and 6.8g of DMF.

®72.38wtYy TMAH solution was used as the developer.
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4.4 =

SREEEL YR PERETHICE, KRBEXABOBBEEHI /DS BRBOBER
EXPRECIEPEETHD, 468, BATOBRBEREL BN & 5103, BRE
DEFIMHKAF LD LS BIEEHTHINTRE VI ERETL /2,

BREMEFCFEXRCLIORE LYo P VICRIGL TER T 2 EMBRERESICE L
THRELEER, BREEFOFEMEN BN T 21200, BRETOE 7 VE (PVPH
Re /s fREER) OBMEREIIREL LD L, SHICHEMBRES OpKafl2s/h & 1
IE (BEEFEVEE) | BOBBAEEI RSB I Ll bhr ok, BREE
HELTUVANVKRVEBEE/ ANVKRVEES LETFM LU 2R, E2ST v EML
Tedgd&, VANEYBEROA AP EOBBREEDRIIRE,L /oo Ty VAN
RUBEBRMU 2L 0BT OBRMBHEE L. FF B af(pka)ickFmT 2
EFEDIP oI,

o T BREEHEFE LTI, BXECpKa/ NS A DL OBRERZSEHET 2
ﬁ»ﬁyﬂmﬁmTékéwmzx%w%%mét\vyx%ﬁ%%@%%ﬁﬁﬁ
MEL. BENIIEBBEL A MIGEONA0/@BEIrE NI 2B LI 2,
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4 — 2. BREEEFOIEZEBELL Y X}
i & o B R

4.1 ¥

il

ERBEL YR PEERRTHICE, REXABOBBHEENI /DS BRBOBEMR
BEFPRKEOCIELPEETHZ, BXBOBMEELEMSE BT, 4 - 15
T, BABRICEMBRIOMBSZLCL CTERT 2BMEER . SOBRBRELRFESE
LRHBENHDIE P ONIT LIz, BNXEOET T NVIE (PVPEIIG/BREEER) OB
BREZENS 2 BHREERE LT, phafE/hs < BERERZZEET LAY
WEHTHBHILEEHELNITU 2,

UL U REBEOLY X MTIEIBEBIHAsEENTE D, ZNIEERITL D FEAE
L7 o b VERIGL THEBREFNICELET LD TALS TR VWIT R L, 4 - 1%
T Lizftadyo> b, T0&EURHRET 2BBIHE AL, 1V 74— LE(IP)
Ztert-ButylZ Tz A7t Lzt &®W(B-IP) &, A FaF/ v (H)) O0HE%
tBOCIL L7=fb &% (B-HQ) TH B I &hbh ol AETHEH, LY R FDERODF
el T COBMINEHEZBNTERLU LIS L YR M (RN—BE. BRI
FI, MAAR) OBRMEELL YA PEROBEIL S TRART 5,

4.2 HEE&

4.2.1 LY A MHE .
LU MBI, WICERT = 2 @5 BEMHAE L OMIBELOIE S D 5

3% (Fig.4-2.1) o
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NR—2ZBE X—2EHETE. KV (prE=ZAV7 =/ =) (PVP) DOHED—E
Dwtert-7 FF A NVKRZVE (tBOCE) THREL 2{t&% (tBOC-PVP) 2 &M L
Hun? o 48, &L 7ZtB0C-PYPDtBOCEXIL23.8% " T, T O fHILTCA(PERKIN
BLMER# B TGA-7) & W R 2% PVPIE. AEAMICE (k) » 58 A L J2PHM-C
( Mw=5200, Mn=2700) % 7=,

BREAHH BB, RBIATNVEIVR VBT AT VOEEEY GHL
EHALL REBLAFT VI, 1 4-YVEFeFRvEY (N Fe®/ v H)) (op.
172°C ) DOHE %= tBOCIE L TEM L 12fE &% (B-HQ) TH 5o HIVRVERT X T VI,
1,3-VHNVKRF XNV EY (7% —)VEE, IP) (mp.340C ) %Ztert-7F V7
T—-ATITRAFTMELTERLILEY (B-1P) TH 5,

MFEEH BREREFLI. I PUVALE (K) TDEALALAMNI 722V ALT 3 =
Aty 7 L—F (TPSTF) #FEMB L o

: I
3C Resist
Matrix resin ﬁCHiSﬂﬂCHE;
OCOC CHj)

( tBOC-PVP )

o C(CHy),

o
A\
K( q O/ C(CHg),
(CHz) G
o]

O
Sl

CH)sC o ( B-HQ

Dissolution inhibitor

Acid generator (D J, 8% 0S0,CFy

N\ ' J

Fig. 4-2.1 The examined three-component chemically
amplified resist.
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LY FEW: 4.0 X — A5 (tBOC-PVP) . 3.6mmol DEEEHHF (1.1gD
B-HQ. 1.0g®B-IP) B L T0.15gDTPSTF%. 20.0gDBEH (V7 a~FH/ V) IZE

BEXEFLYAIEBEREEL 2.

4.2.2 LY R DOBHEEENE

BIETIERLAEZLYRMNEREY. AFHXAFALT T (HIDS) UEL 2 Y
avUINFIZRAEYa—- L. &y P L= ET120C, 0MEIMBAL. HEE
Bioco TOEREZTIAFITVEZIAN P 04344 F (TMAH) 2.38wt % /KSR ( NMD-3 3H (G
fo (BR) 8) 125, 10, 150 L5 T LIEREFIWDRBREL. ZOEXDVERZZNE
NOKETHRUCEOTPHEZRBEXRBOBMHEEE & Lz KEIX. DEKTAK 30301C &£
h#llEL 7z,

BABOBMEELYAET 2EBH5E. MTOFETT» 2o LY A B EHIDS
WL o YVay oIl AE vya— Mg 120C, 90% [ Prebakel . Z1iz
Deep UV(EEEGRE @ 7nW/cn®) % 100nd/cn®fB 8. £ D% 3 <12, PEB(Post Exposure
Baking) #80C. 90T » THOLNEEZ, TAH VHEHBRBERP TEIZLITHER
THORXHMTHEL., ZORHEN,POEHL 2.

T, MEBREFOLD, BREAHFZzEE LV, T20b, 4.0gD X — X5
(tBOC-PVP) & 0.15gDEF £ Al (TPSTF) #20.0gD ¥ 7 a~FH /) VIZEBE S #7/-
AELIERL, ABAXBBLIOBXHOELZFH L., 20KOBMHHEELZ Ll L [

BWOHFETHEL - (Table 4-2.1)

Table 4-2.1 The components of three-component resist

Sample Matrix resin Dissolution Acid
Inhibitor generator
tBOC-PVP resist tBOC-PVP None TPSTF
B-HQ resist tBOC-PVP B-HQ TPSTF
B-1P resist tBOC-PVP B-1P TPSTF
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4.2.3 LAMNEFNVOBBREERE

BREMERAOBEBEMIEDRELHEIZT 520, BREFANZETHVREXL S
NEBRBETNEEEL. EN6OEBEERFMLU o

EERBABETNVIE, X—- BB BENHE K. 4B, tBOC-PVP,/B-HQ
¥ & O'tBOC-PVP/B-1P& L7z, WML & . 4.0gD~— 25 (tBOC-PVP) &£ 3.6
mmo LD EMEIHNEK (1.1gDB-HQ. 1.0gDB-1P) & %, 20.0gDBEHF (¥ 7 a~F4 )
V) WNEBEERHBE Lo, . HBEBRF DD, 4.0gDtBOC-PVPZ20.0gD ¥ 7 1
NFS VICERBRIE AR DERL 2,

BAMETFNVIT, N—2@E. BEBEOHK» 7o b v ERFLEIIRIEL 2 & 124
B9 5. PVPEIRE /B fEEXER. 37 b b PVPEAE /HQd L UPVPEEE /IPE L /=0
MREEC & & 3.2gDPVPHJE £ 3.2mmol D B {EHE A (0.98gDB-HQ. 0.89gDB-1P)
L&, B.8gDEBH (Y AFNFENVLT I FNOMF)) KEBIFHAML 2, WHERESR
D3.2mmolix < PVPEAE @ 26.7mmmo iz % U TO. 120 & &7 b o T ALIZ PVPHE A @ OH
L0 U CERALEICHYMT 2, /. BRI DL D, 3.2gDPVPHIE %
6.8gDDMFFEEIC B S - AB b ERLL 72,

FEXBET NV LUELRLETNVOME % Table 4-2.2, Fig.4-2.2127R L /=0

Table 4-2.2 The components of model-composition

unexposed film and exposed film

Model composition

Unexposed"’ Exposed®’
tBOC-PVP PVP
tBOC-PVP/B-HQ PVP/HQ
tBOC-PVP/B-1P PVP/IP

VSolution in Cyclohexanone

2’Solution in DMF

B ZOBKRY, HDSME LA~ Vav ozt AEYa—- ULy Ky b7
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L— b ET120C, 0O EMEBL B R 2ZE /2,

BH (BRBEERZE)  BBREELUTNMD-3 (EFEIGE (#%) 8) 2#HL
RBEXRBESNVOBMBEEIL. BERB2HBKIC5, 100 155 L60H T L KEE
OHHBRBEL. ZOBERVEBRZ2EZNEFNORBHETRULEOFEH L L . BRI
DEKTAK 3030IC L b |E L 726

BHBWEFTNOBMEEEIT, BBEF THR2unDEFTL2ICBRESTL202HBRT
BEL. ZORHE» 6 8H Lo BEI. DEKTAK 3030I L W REL /oo

" Unexposed film " "expsoed film "
£ TCESHCH i ~ CHy CHI-
P |
m é
| &
o
= ococ CH,) OH
«© E
= tBOC-PVP g
\—éC(CHS)" COOH
S <CH3)GC_9> HOOC@
g 0 !
Q | i
£
c é
o R §
prar g~ C(CHa)s | 5
> E
o E
»n 5
® | "
a o
(CH3),C o B-HQ ;
Fig.4-2.2 The chemical structure of model
composition of "unexposed film" and "exposed
film".
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4.2.4 LY A MEXBO D BEEIE

LY RNBREODBHERTFMU e 4.2 2B TEMLAEZL YA M RBEXLTOBE L
VYR MBRBOELZ, Z2h ZNFT-IR (BERBIERT (Bk) BFT-1R 4300) IZ THIE
Lo DEEROPEIT. C-0-CHHEIEES (1140cn™ ') 2 XV ¥ VRO R ME IR T
(1510cm™ ') THELEL. ZDOER. BRFEOL VA PRETHEET S I LITLD.

BB ODMEELEL Iz,

4.2.5 VY 757 4 —FEAf

Uy 757 4 —FEMAREE. X — X5 tBOC-PVP, ¥ S HIHIAIICB-HQH 5 W
LB-1P. BRFEAFICTPSTF% AW TIEB L 725 4.0gD tBOC-PVP, 1.1g®DB-HQdH % Wi
1.0gMB-1P, 0.15g®D TPSTF# 30.0gD ¥ & O~ vicEmERE L Y2 P RBEL
o TNHRBEHMISAUE L /v Vav T AnbETRAEYa— L, Ay P L —
MT. 115°C. 180 lPrebake® T WH K Z F /o RIT, VYR MEE EITBREDE
(K YFIZATHINANEY/ER ) TdH HESP-100 (HAFIE T (k) 8) &AL . 80°C. 1209
BAR—-27 L7, Bon-@EBRICEBHEEEE ( (8) BIZBERMHL700D, i
T E50Kevy 4A/cm®. 4.0~21.5,C/cn®) TEX L 2#. 90°C. 1207 i In £ 4l
(PEB:Post Exposure Baking) %47 - /2o IR{BIINMD-3 TS0 ET» 720 BEEIT T Y

TIOA—=FTHEEL, X4 —VTHEOHEHIEDLNZ -~ VEROERZIISEMIZE DT - o

4.3 R EEZEE

4.3.1 VYVAPRBHREOBEBAEE

BWREIERIE, RBI AT AVBIUOANVEVBI AT VEROEZEIL, LY X
FARBHE, LY R FENRT. REHRWET N (tBOC-PVP/EFEMH A ) H LUK
WEF v (PVP/BMRIEER) OWMEE % LB U ko BT 2 BB I A

3. MM o/ V(HQ) D REE T X5 v (B-HQ) B & 4V 74-MER (IP)D T A7 )V (B-IP) T H
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%5 (Fig.4-2.3) ,

/E\ o~ C(CHa)s

o}

. /CCHa)g
o
(CH§3C—Q»_<C£§—
o)
o1 °
(CHasC o B-HQ

Fig.4-2.3 The examined dissolution inhibitors.

9. REAXIE 7V (tBOC-PVP/BMAHEH ) OBHBHE XM T 5. KRB
ETFNDOEBREOERIC DT, 3—2BETHERLTCHB IV AMTIRIBHHITRL T,

~N— 2 g (tBOC-PVP) I yAMHIHEIF (B-HQH A WIXB-1P) R332 &, tBOC
“PVPIZ LB U, BB EBEIIET U/ (Table 4-2.30RBRBLET VO ) - B-1P%
AL 7z#E 8 (tBOC-PVP/B-1P) D IEMFH FI1L0.24nn/s T, tBOC-PVPOD Mg & &
0.53nm/SIZHE U 1/2B0 T2 o 720 f» T @WEIHI K OB-HQ. B-1P& b R — 2
BMIEICKN T 2BBIMEMRENFET LI LI /2

% 7=, tBOC-PVP/B-IPDE MM A (0.24nm/s) 1%, tBOC-PVP/B-HQD #H AL (0.40nm
/s) D1/2BE T, B-IPIEIB-HQIRHE L X~ ABBIIHN T2 EBMEDEIr-EN T

5 ENBONIT 5 T,

Table 4-2.3 The dissolution rate of model-composition unexposed

film and exposed film. Prebake was carried out at 120°C for 90s

Unexposed film Exposed film Dissolution
Model Dissolution Model Dissolution rate ratio
rate (nm/s) rate (nm/s)
tBOC-PVP 0.53 PyP . 95 180
tBOC-PVP/B-HQ  0.40 PVP/HQ 114 285
tBOC-PVP/B-1P  0.24 PVP/IP 212 880
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N-ZBBEICEENHA RN T AL, ABATETNVOBMBEEISEKT T 58
BIZLLTFO®D TH 3o tBOC-PVPLB-HQD 4 Ff 3 & C'tBOC-PVP & B-1PD 4 F Rz,
HLEOHEIER (PVPEE OOHE L BHINHFOAIN R NELDEDKRFEE %
TFAE) BFEAELY . TAh UBBKRIZH T 2 B0C-PVPEIE D BEMENET T 5429
Er#EzZLEND, |

Table 4-2.4 The dissolution rate and dissolution rate ratio
of 3C resists. Prebake was carried out at 120°C for 90s and
the exposure was 100mJ/cm® of deep UV radiation and PEB was

carried out at 80°C for 90s.

Resist Dissolution rate(nm/s) Dissolution
Unexposed Exposed rate ratio
tBOC-PVP resist 0.04 30 750
B-HQ resist 0.07 66 940
B-1P resist 0.05 157 3140

BT, BRO VYA PDORBEBOBBFEHEIZ DL THKRITT %,

WA & UTB-IPEH WA LY X b (B-1P resist) DB ME®EEILO0.050m/sT .
BREIERAEEERO2HES LY AL (X~ 2B JE/BRFEEF. tBOC-PVP resist) O
BEERED0.04nn/s& W HETFT K& {7 -7 (Table 4-2.4DRBEHMOW) o £ 7=
B-HQ% /=L ¥ &2 b (B-1P resist) OBEMEEIL0.07nn/s& 2B ALY A b
(tBOC-PVP resist) DEMHE LD S I HLITKRE( ATz LALAD L, I05

DEFHERZOHBEATINRTHELELOND, Ihid. BEAHOR-2H
MBS MM RS EFICRE WS 'Y BRINHEH O LRI RN
K oI ENRFERTHIZEEL LN D,

b RBRLETVELCRBRATOBBRAEIL DV TE LD D, N~ AHIE
CABIEA A REMT AL REXABOBHBHEIET T2 I LVHLNITA - T,
. BEOHHELTC. VR VBT AT VOB-IPEHWVSEHA, KRBT XTIV
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DB-HQZH WS L b, BEMEDRIENTHLE I L br 5 ke

4.3.2 LYAMNEBXEOBMRAERE
LYAMBEBOBBREZKRE Uiz, RUCEBHBNH A OBE LB OREL R
T35, 0. BHMAHFEL T, RBTAFVOB-HQ&E # VR VBT 25 )L DB-1P
REM L7z REET X7 VOB-HQA . BXICIWRERELEZT o b v ESLKKIGL
THERTHALEWIINY 037 (HQ) TH b, HQdDpKald, 9.3, 11.1TH %, —H
HNVKVBIAFTNVDOB-IPIF, BRIV EL T o b VEEFLIIRIGL TER
T 5L EWILA75-MEE (IP) TH b, IPOpKald, 3.5, 4.5TH %, 1PDpKafliiZHQ

I LS, IPOFPBEEIIS L (Fig.4-2.4) ,

Phenol

(0]
6M\0/%XCHQ3 H F)y(gi
H+
— (9.3 ,11.1)
oy © A OH

e o (BHQ

Carboxylic acid
O/C(CH3)3

o COOH
(CH3)3C_Z> \_7/ ___H% HOOW@ (8.5,4.5)
B-IP A C P )

Fig.4-2.4 Reaction schemes of the examined dissolution inhibitors.

BABET VT, VYR IBLROBEBRELERL., UTIRT - 2HIE/E
BlRERDO2RA P 6B BHEBE Ui X"~ ZBBITIL. tBOC-PVPHEXETRAEL L
Tu b VERRICRIG UL AT A8 Y(p-t 27/ -0) (PVP)EIEZ W /2o ¥
fRRER (BRIMER G BREBICECL TERT 2L ) ik, M o¥/y(HY &
1979-0B(IP)E iz Lo T, BRIBET VI, PVPEIE /HQb £ CPVPE IS/ 1P
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PR, COBXBEFNVEOT LS VREBERP TCORMBEEZFTML o

PVPRABIZIPH 2 WIZHQZ M L =BTV OBEHHEE T, PVPRIBREAE OB
fEEEE DO5nn/SIZHE L. BT Lashd oz (Table 4-2.30FBHRILEFLVOM) o
¥ /-, PVPRER/IPO MR E X212nn/s Ty PVPR B /HQO B H B D 114nm/s & D 265
BESC. PREMT 2H0NNERNT 2LV BEREREDRIRENLPHL L
I o 2o ZhIE. IPAHQT B UpKafEds/h S (BEESE V) o THAh Y
RBRIZH T HPVPRIEOBRBEIrM LT 206 TH D,

BRERER OpKafE B /hE Wi E, BRI O €T VE (PVPEIE/ B RAEH ) 1.
TAUAVBRBERIIH LU TEBEENMELR, TREUTOERICLSZ, BEHET
HHEAN, BEMEKBRIBHRT AL, BEWE LEEERYE BN LK
HEBRL. BBBEICEHET S, chickb, BEEYEOBHEREIEML . HE
MAKBROBBEEDOEMMPRIBLEEZOND, BEWEDpKaEH /b S (BB
EREN) E0W) i, HEMYELORIEHESBVE NS T LT, LEBER
BRIDPLIL. 20BR. KOBBRERESENLEZEELLOND,

WIT, B LY A b (R—ARB/EEMHA/BEEE) 2EBCERLL L&
WERTALVRAIBREMBOBBHEZRITL 2o

WIEMER 2 AL38S L VA b (B-1P resist. B-HQ resist) DB XFE D BEHBEE
3. BEAOHFAEZEEIR V2R LY X M (N— 2B IE/BFE LK. tBOC-PVP resist)
DBENEOEMFERE (30nn/s) &Y K&h o7 (Table 4-2.4DBHFTWOM) o Th
3. ERIHIF A, BRIV RELET O P VERIGLT. - ABEOBEE
RN T AEMEES (B) WEET 2D TH b, &z BRIHAICB-1PE A
Wiz LY A b (B-IP resist) DB I OB MAEEIX1570m/s T, B-HQZ AWz LY R
N (B-HQ resist) DEBX MO B EE D66nn/s& W K2ERBEXREDN 272 TN,
ERRAAFS DML 2 & 2T ERT 5 IPAHUCHE LpKads/h S ied (BREEF B
Whd) . TVHVRBRIEA T IBBENALST22DTH %,

PLEXy, BEMHHE L TR, AVEVBIAFTNVOB-IPEA VL AP RERT
ZFNVDOB-HQEBA VWL LD, LYRIBRROBBEEIRE( AL I ALY
278 - 2o

BREAHFZRECZLEEDO LY A MROBHRERERIRDOLIKHBET ST L
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WTED. REDTNAVAVKBRCBERELZRBE T A2 LITLD. KBEPDOEE
MAE, BAOBUEEDOE VWA TICEET 3, SEHOBAE. N—XBIEDO7 =/ —

VED L, BRIEAPECL TERT 2BEBREFNOT PREEIE O LDHIZ,

BREREHMDOBOI~ BENICHEAEZLIBEIITIELEZLO0NZ, Z0L TBFER

EFROBREKBEPDOEE LY BRELENMREZEZIVEISERL. 744 YK
BRICEEHT 5, BREREF G RIIERVICEANKRESNE & T, BEIZi4

REB N XD KRBT D R le X — ABIBOPVPLIER &L DRISHEEIH L
N—Z2WEEF BN RESNS LEELON S,

4.3.3 VLYVRAMNOWBBEEEN

WL, VYA PavY T2 (RBAMEBAMOBMEEL) KOV TEET
%0

NR—ZBBRCBEBEAHKZEMNT LIk R— 2B ERAKICHEL, LY
AbavbbZRAMPERETEIERT DR (ETAVTHIHA LV A MZBENTS) o
TN, BEARAOEMCELD, REXBOBBHEENMK T T2 T TRl &
HMOBBHEEDEMT 572D TH b,

BRMEIFCANVE VBT ZAT )V (B-1P) 2HWEEE. LYAMET VTR
WEEE A 880 3 ALY R P TIH3LA0EFFIZAEVWEIEON, X— 2
JEBEAEDFES. BEEEKIIE TV TI80. LY A MTT50THH. INRKEET S
ES~ABERIFTH o oo WRD/ RS w BB/ V7V F7 bF/ VEDLY X}
fu\%%ﬁgmmmmui@@ﬁ%énfhbm\:@@nmﬁbf%%%mﬁ
Wz b,

BREMERITB-IPE A WA, BFIQEA WS L b, BREEAELTINIBEEEKRE
(B ENDLIP -7 (£F) : B-HQ(285)—~B-1P(880). L ¥ A b : B-HQ(940)—>B
-1P(3140)) o —MIT. BHEELOKE VLY A NI, BBRBEICLRZ L 0DNT
WBY, o T WEMEKIZ A NVR VBT ATV (B-IP) BLRELYXFDH
BRBITATNV (B-HQ) 0bD kb, BRGBECLZILFETFEING, EROL
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VA MEHEDOKERITL.3.4HITRT,

WIS B VYA DOBEHICENT, BEMTEOSBEREZ IRTH AN, B
DYEBHEE L OBBRERESMIT L T,

LY A FBRBIT. LY A EIZDeep UVER100nS/cn’ S, £ D¢ < ICPEB
(Post Exposure Baking) %80°C. 90OM T WEHM L /o ZDORDIREZHEE L.
tBukk (1140cm™') DRILE % Prebaked DB & B L. 2 & D EMNG £ 05 M@
RERYIz (Table 4-2.5) o

ZDRRE. BEAHAHEHOCEZ3RS LY A DOBXAFOLBICEDERFRIIONIT
XU 2R LY AR (N— XWHE/BFAEH . tBOC-PVP resist) DHFEHII15% D
tBOCENBEL TWA I P bhol, INIIEBEMEINHAITX— 2@ L CH
BRELTHE, tBICEOSBELED b Bah 3,

P T BREDBFOEMIT., KREXBOBBREREDERTOAL LT, BAED
BENEEOSMUETALI Y, BATORBEEZENI I L WS> BENDE
¥ETHIEDPWELNITA - o

Table 4-2.5 The comparison of the dissolution rate and
the decompsition of tBu group of model-composition
resist with those of 3C resist in exposed film

Dissolution Dissolution rate(nm/s)  tBu group(%) @

Inhibitor Model Resist Model Resist
None 95 30 0 15
B-HQ 114 66 0 0
B-IP 212 157 0 0

*)Residue of tBu group exposed to 100mJ/cm® of deep UV radiation and
postbaked at 80°C for 90s; measured by FT-IR. The peak intensities

of tBu absorption at 1140cm™' was normalized with benzene ring at

1510cm™*.

SEDOL YA NDOBRBABOBEEEIL, BAXL T T NVORBHEEL D, SEHEOY
VINTRTIZEWTEL A 2 LS, Table 4-2.5&5 D b oize BXIETNVIZ
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B2l z{b&% (PVPKIIE. PVPRIJE/HQ. PVPEIAE/IP) 2 HWL T W 3 izt
Ly BRA L YR P OBXBIRIRBRE L ERICER PEBL THEML T 5 kb,
BREAHENFFZLEC BT TRET S :&ﬁﬁiéﬂ@ﬁfft%f&bfco‘

UL L7Aad 6, IROBELL, BEIFEIZLITOBLTVE I EFEHLIC
IR otz (N — X A5 B R (tBOC-PVP resist)iKBIL Tid. I5% QBB HENBRE L
TWaH) o SEDLV VAN EBAEBETNVOFPOMBOENE L TIT, BFEAEH
DEEPD Do f> TSROV YA DBRLOBEMEED, BXE T T VOBME
WEE L DED - BT, BAROBRAEEHNI DML T —BRGT 2 eE
A6N3'Y . BEEFIBBEWHACHE L, BREMNEDESEFICKRE NI ET,
3—3EBEBIUAZEDLIIIETHHL TS, T/, LY A NKRBEXRTOBMBHEE
. BREERDOIVEX DM THL/I0BEIZAR S 2 LA, Table 4-2.3& Table4-2.4
DARBREDOERBEEDOEEPLLBLHALILTHD. IO bBELEFNOBEHEI L
MBORKEEIHNFEZLS,

1.0
— e B-HQ
S y —a BIP
» 0.8 [ ) .‘e
0 L
Q
| =
-
L
i -
e 0.6
E
i
?
N 0.4
E L
£
-
o
Z — i
0.2 .
!\
1
[ .
0 L L A A A 00000 —
1 5 10

Exposure Dose(p C/c m?)

Fig.4-2.5 Sensitivity curves of the resit consisting
of B-1P and B-HQ.
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4.3.4 LY R FEH®
RIZS M o%)/yD REBIATI(B-HQ) & & O {Y79-NEE 127V (B-1P) % ¥ fEHI &1 %12 FA v

LUV AMDLY A MERHEZFMUIL, TDEEDKREMEA2Fig.4-2.5127 L -0

(b)

Fig.4-2.6 SEM photograph of 0.2 xm L&S pattern profile for (a)B-IP resist

(Dose;13.0 4 C/cm®) and (b)B-HQ resist (Dose;20.0.C/cm®). EB acceleration

voltage was 50 keV and the initial film thickness was 520nm.
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B-HQZFH W72 L ¥ 2 b DB EEIL12.0 . C/cn®y B~V IX14%. —F. B-IPE A
WL YR PDEEEIL7.0uC/cn®s IENDIEF9% TH D, B-IPEA VALY R F
DA LYAMERIZENTWS I ElDh o T,

Fig.4-2.612, LY XA P ZAWEB L2 - VODSENEE (EF76) R0
2o BRIPEHWRLY A MDAED, NXE2—v 707 s A VIBHETEHMBRBETH D
e o, WIZ, B-IPEAVLAEZLY A POLESNNY — VOB ESENEE *# Fig.
4-2.7TIZR U 7o o FIHABEES20n0D & 12, f/MTETY 0.14 pm& WD M/ N5 — ¥
(17.5uC/cn®f@4) B ENE I LN DD > T,

BREAHFICE, BASOBRBERENKE LB B279-MBIATVER W25, L

BERBEIZRDIENBALDITRE > 2,

Fig.4-2.7 SEM photograph of 0.14 m 1&s pattern profile for the resist

consisting of B-IP.
EB acceleration voltage was 50 keV, the dose was 17.5 w«c/cm?

and the initial film thickness was 520nm.
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4.4 &35

ERGBEL VA MERERET IR, REXTOBBERE /P BREDOBH
HENRENIEPERTH S, 9B BEMWAIC. M os/700HE %2 tBOC/E L
P& % (B-HQ) & 4v79-MB % tert-7 FNET T 257 b L b &% (B-1P) & &R
Uy EBO3ED LY A M (X—ZXBIE. BRMEIA. BELEF) BT 28HRE
ELYAMEHIZOWTEMLU 2o

BEMFHFORMIZED, REXATOBBEEIET U, £/, BEHWHI
BHXTRELAET O P VERIGLT. 72/ =V, ANVKVBIZELL. THAY
KBTI BT o720 ULnby T2/ =N, ANEVRBRBESFEDLDT AN
VKBRICA T 2BMEIrFG XN—2WBEOBHELZMET 2 BMEERIZL 2
CENPEONITE oo T HIT, BREAFHOEMITEI D FXREDON— I E
(tBOC-PVP) DtBOCEDHMMUF A LT 2 &b h -z (BEINHF O 8 BAI%)
) o

W Ty BREABHOBMIT, REXTOBHEHEDERTOAL LT BHED
EIREE D TS ER L SO L YR (N— XIS BRIEE . BRs e A
DEHIMFIF OEBEEDE S HMITIE o 2o

T, BREINAFICER. DVKRVBIAFAEBVEEFRBIZATAER NS
L. REXTOBBAEEDERTOLATH, BXABOBREEEOH LOLTHHEYD
THBIEPFHEL NPT - 120

ANEVEIZAFVOB-IPEBARBINEFICHAWESES LY A ik, FHE
[E520nmdD & 212, B/ATHET, 0.14um LESE WD R/ v 2 — v (17.5 . C/cn* BT )

BELND I EN DR,
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Huniz,

BREAGH  BHEOAAIE. AV 72— VBR(IP)Dtert-7F LT X5 VL&Y
(B-1P)ZH W, ZDi{b&®id. BV Y VEHT T, Isophthaloyl chloride& tert-
butyl alcoholt ZRIET A LICLDERL &,

BARREH : SEHFMUABRBERMI. I NTAHZTLET, I FULE () £
DALz AOTBEEF L 2 OLFEMEEFig.5.1I0, £/, LOLENEE
(F&. Ghel) % Table 5.1IZ/R L %o

=

E M U 72 fb S BER DR3P EBL P R F DAL R Fig 5.2IK7R L 72,

Fig. 5.1 The examined acid generators.

i @TSS *"0S0 »,CF3 S-T¥ h
@T , 177080 ,CF3 1T+
@T(BS " SbFg S-Sb
QT " SbFg I-Sb

_ 2 y

Table 5.1 Molecular weight and melting point of Acid generators

Acid generators Abbreviation Mw m.p.

(°C)
Triphenylsulfonium ftriflate S-Tf 412 132~134
Diphenyl(p-methoxyphenyl)sulfonium triflate CH30—S—Tf 529 102~104
Diphenyliodonium triflate I-Tf 430 178~179
Di(p-butylphenyl)iodonium triflate Bu-I-Tf 542 162~166
Triphenylsulfonium antimonate S-Sb 499 177~178
Diphenyliodonium antimonate I-Sb_ 517 108~110
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Acid generator Onium salt
\ j

Fig.5.2 The three-component chemically amplified resist.
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Fig.5.3 Dependence of sensitivity curve upon PEB time.
Acid generator was S-Tf(3wt%).
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Fig.5.4 Dependence of sensitivity curve upon PEB temperature.

Acid generator was S-Tf(3wt%).
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Fig.5.5 Relationship between pattern width and exposure dose with

regard to PEB time. Acid generator was S-Tf(3wti).
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Fig.5.6 Relationship between pattern width and exposure dose with

regard to PEB temperature; Acid generator was S-Tf(3wt%).
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Eld, RIGHEBRBIZEIBIELEZERL. Yo ABREDORE VWL YA 2ZEH
TN - VIERPFEBIZLRDLTCHFEL L,

4@, PEBERID EMRIEH L UPEBBREOSRILICL D 7ot 2 BER/hs <R
5o T B, PEBEM. PEBEEOCHIMICLD, LYXAIHBRERIBLTLILS
%2 54 %, PEBESRI. PEBIREDOHMIC L W BEXATHRAEL ZBROBBEREIIKXNE (A
ZHOFEN. 20BE, IR IVMFEEZT TERIHAACOE 5.
ko T, PEB&M BT EBEE. MARKHBH LB E 2BIT. — 8RB FERITE
TRAL. BEBREOCELIZDANF-EELLN S,

— BT, BREBRELYZA NI, BRTANESEEIBHRURE I NS HERAEIEFT
ZIENFELODOT, LYRAMOBMEER (BXBOBEMEE RELTOE
) L LTI R&EL b, Table 5.2&L 0. LY X PRBABOE~ND B

PERESRI D B M f{E. PEBIREOSBRAIC IV ML TWE I &b h B, FFITPES

Table 5.2 Dependence of sensitivity of the resist 1), process
latitude and film thickness loss upon PEB condition

PEB condition 80°C  80°C  80°C 90°C 100°C

120s _ 300s _ 600s  120s __ 120s
Ey, (nC/cm?) 102 47 30 3.8 2.2
Eo? (uClem?) 174 87 59 75 3.2

Process latitude® (%) 129 116 114  11.8 9.9

Thickness loss¥ (nm) _ 50.0 60.0 60.0 65.0 90.0

1)The resist was prepared by dissolving 8.0g of tBOC-PVP, 2.0g
of B-IP and 0.3g of S-Tf in 60.0g of cyclohexanone.

2)E is EB exposure dose at which 0.2 um space is got.

3)The process latitude is got from the space width as a function
of exposure dose. The acceptable change of space width is less

than £10% of 0.2 um L&S.
4)The initial film thickness is 520 nm. These data is film thickness

loss after development.
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Fig.5.7 Dissolution mechanism of chemically amplified resist.
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Fig.5.8 Dependence of sensitivity curve upon concentration
of acid generatoys (S-Tf) .
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Fig.5.9 Relationship between pattern width and exposure dose with

regard to concentration of acid generators (S-Tf).
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DEMEER) ELTH, REABOBMELZDOETHREORA BMT 5L
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o T, BELKOERMEBNE L DZEFE, REXTOE~NIEFETL. LY
ALDBEBRELIFRELSAAD, LYRAMNEBERI® ET S5 2 LIC0 5, 5.3.25HT
AL LD, VYR MNRBEFRFLOIDOI T o ZABMENRELI LD, £-
T, 5E. BREKNBEEGFGNL YR M. MBEFALL. ZOBE T o228
EhKk&E{R-kEELLNG,

Table 5.3 Dependence of sensitivity of the resist!) and process
latitude upon S-Tf concentration

S-Tf content(wt%) 1 2 3 5 7 10
D (pC/cm?) >19.5 17.0 11.5 10.0 8.5 -
Egd  (uC/cm?) - - 17.0 14.3 13.2 -2)
Process latitude® (%) - - 129 235 238 -

1)The resist was prepared by dissolving 8.0g of tBOC-PVP, 2.0g
of B-IP and S-Tf in 60.0g of cyclohexanone.

2)The positive-tone resist was changed to negative-tone resist.

3)Ey is EB exposure dose at which 0.2 xm space is got.

4)The process latitude is got from the space width as a function
of EB exposure dose. The acceptable change of space width is
less than £10% of 0.2 pm L&S.

5.3.4 BEAFOHEBHL L YA MERE L OHE

I BREEH (AT LE) O FAVEBIOH T4 VBOBEEE AW
WZELEE, VYR MREBIZSEZ2BREFNOXELHBA L. 4 0BRBE4EA %
Wt ML 72L& D, LY A DOREMBREFIg. 510K Y. BAEEFOEEIC L
ZLYVAMKEOEEZRMT AT, AUnol# TR W EBUEICITHE T &2 0,
SEEEAOLZHZERLALUwt?% THEL 2o

ENFNOBABEFRICH T B L Y2 FEER. S-T1(12.5,.C/cn®) < $-Sb(10.0

2 C/em?) < I-Tf(7.0 2 C/cn®) < 1-Sb(5.0  C/cn®) DJETH L U 720 mol# TILS-TID
HHI-TEED0.03mmolZ < A>T ah, RETIFTI-TIOAPRFLDOT, LV
AMEREOZTIBAERNOERMnOIFEOENVLIY I, BRAEFNOBEHIZLIIZEDS
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HRKEWEEZOND,
INEh, BEEFON FA VERIZIZI-V 0MIVE, T oA VEBIZILTVFER-MAY
EHOEEP LY A MRERSA AL ERDD 5 T2,

0.8+

0.6 |

0.4+
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§ I S
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Fig.5.10 Dependence of sensitivity curve upon many kinds
of acid generators. Concentration of acid generators
was 3wit%.

S-TI& I-TICIZBBRAIC L DV FEAE T ZMIFIBUH-TITHBZ DT, PEBIRTORBD
BRAHECTTEOMBEBRIEL VW EZZLON D, AT, S-Sb& [-ShT I3 EBE
BICE OV REETIBERACH-SDTH S, Mo Ty AF A VEIZI-N MV E A0
HBU IR EEREIZR DD 3-V 20MAVDF DS ANT 1290447 & D EBIZH 37 5 [
BHEFEN LD THIEEIOND, RISHEFEAZHEHET. FF»SHET
JOVBEBFEE (FTE) PAECBEHT AT A ALVF-RNENFT KT NI EHFE L
BN Bo & B Wik I-P MR AN AZIMAVE D, EBHIB O OBEER DA
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A VHNRL, ZDOBERAIFAVEODBILDRESND DI EEZ LN D,
UEED, A=V AEBOBBEREL TR, AFA VT3~V 2omMtvEH WS 5D
ANTAZIMAVERND LD LYRMEIERBREIZRDZ I ENPELDLITR -T2,

EEoIE. Mai. EEBEBEL YR b LTRSS D %%xig%@wﬁ&:;ﬁr/\'b
FPMMAR R Y 2 — DEREAIC OV THH L 22" KXY v —1E M (n-7"F4) X #
79V=F(TBTMA) & XFWA870V-F(MMA) & DR E S ( R X&F B H5~32wt% : TBTMAD K
EFERYVT—DAXEHFERITI2Y% ) 2Z X 2bDTH b, 5wt DAXR2EHT 5K
U =2 — (TBTMR/MMA)IZ. EBEESI L /- & T ARVBL VR MIZRR D, TODEEDRER
70 C/cn® Ty PMMAL YV 2 MIZHBR LIEBRERF Th > ko THid. HTFED A X
WRAXELZEATLIEICED, BBOZAVF - RNDEIrMELIZHTH S L
HRELTHED, COMAPLLDLEROREREME TSI LN TE S,

Flo, BREEFTS-ShEA WAL YA MISTIZHOZDD LD EREEITR D,
T, FShERAOALYRMEI-TIOBD L) HBREICRD, TOHE&. EBIZ k-
THET LI, H-ShEH-TITRL B, H-Sb(H "ShFe) DM EEITH-Tf(H" "0S02CF3s)
OBUELID&EL?Y ., TOLDBERAFNELORGHESMEL. LY A FIEK
Bllhofzb&EBEZOND, Lo T, BBEKOT =4 VEIZIE, T/HE-MIVERA L
BAHEWMNIV-MIvERA VSR LD LY R MNEIEKEIZR %,

SEHBELPIZR>ZDEF WTFTOZETHBI, LYAMNREZRA LT 5123, B
FERDHFA VHICIBO L L F - RIBA K EHDHFROKE WETF 4.
Tl ToAVHEIBEEOSVWBYRETILENER 2L TH S,

WITL 0.2um LASD /X — VP EEDEBB R EBKRAF M 2 Fig. 5. 1LT/R Lo [-SHD
TOEZABENFT. L% THRICENUIML, Lo3 - 0BBEANDO T o ABER
13.0%BIBETRELRLSBF CH 7m0 [-SDEAL L EDORBERBOE~ Y BT
MD3>DEIBEELDO S DICHBELUEFICXELS, TDDL YR OBEMERELD
KTL, BBEIGELL T o ABRENPNESS B EZBAON D, T/FHF-MIVE
AOWEBBELFOLY A FEIEREIAR DY, TVR-MIVBER T NA AR ERT
ZRar b L. BEBEEFMELVTER LGP - 2,
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- Fig.5.11 Relationship between pattern width and exposure dose with
regard to kinds of acid generators. Concentration of acid
generators was 3wt%.

5.3.5 BEAKMOAF A VBT LIEREDR

BELAFOI FA VETBREE ST RBAOL VA MEERHT 2B LK
Lizo I"TIDAF A VO R ¥ VIRIZtert-Butyl (tBu) &2 5 2 LTk b
YA MEEIXT.0uC/en® 516.5 C/cn’®iITEILL e 2y SSTIOH F 4 VEHD
RYEVRBICH0®EEZ 2352810k, LY FREREIRL2.5.C0/cn®h519.5uC
Jem?BLE (IEFERMEIZARE) B Lk, Ihib. BREREHOIFAL VDOV
FVBEBTFHREETHHBuBEPCCH:0ER2 23 5L LY R MREIRTIT LI LD
FHHEND, £, CHa0FEITtBu T B U BFH SN RODT, LY A MEED
BETIEtBuEZ 20 2B E& LDV RELARLBLLEEZZ LN D,
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EREICLIDV L VA MNRENFELTIEAL2EET S, EFHEAENVE VR
K232 Ei0d- T BREFMOAFAVEH (I, §7) OEBEI/NESLSAD,
MAEEROAF VUMW ETL (XFEEGEHEOEN) BORLEYERIETT 5120
KEEAOND, MBERNEAO TN, 5.3 3FCHMALESICL YR b EEEE
T9 5,

Mz, BAELEF O F 4+ VRMOBBREITEFRIIZE (N0 -COOHE) ZH WS &
LR MEISREREILRZEE L ON S, Ushirogouchi bz, BEAFE L TA =Y
LETEBOPEANVT 3 2 Vvib&ER W28 Ee. BETRIEE ST B EITED.
ANT  Z NG OBTFHMAOGEMU. ANVT + = VL& OBREHE LT
DBENMLETEIEEREL TWBE2Y,

FoT. VYR FOBBELAICE, BEEHOIF A VERONVE VRICEFR

FIEZERELE L THWS I EWEDRFRIELEELZON S,
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5.4 ¥ &

{EFBER VR3E S REBL Y X b (RX— 2. BEAHIA., BEEH) B0
T, PEB (Post Bxposure Baking) &f& LU R FEE, BMELMOWPE L LY Z |
BRE. bLUBRELHNOLEEBEL L VA MNKELOBFREZBRIL 2,

ZORRUTOIENELNPITH -,

(1) @&HEBOHRNE(PER) BB O INEL L CPEBEEOEMIZL D, LY X MEE

BEIIRL I EFbh -,

(2) BRAEHKE L TS-Ti2 M b & (RMB:1~10wt%). BEEFPENS <
MABIZONL YA MREEIAELR, BL. 10X DEMTIIBIREXELD LY R

PE—8RATIL 2o

(3) BREAFBEXHRM)DILEEEREZ L ED L Y R MREZFML 2 FE.
S-Tf(12.5 2 C/cm®) < S-Sh(10.0 4 C/cn®) < I-T£(7.0 . C/cm®) < [-Sb(5.0 . C/cm?) D

JET. LY A MEIESEET Ao BEAKOS F 4 VEIZIEI-F 29MivE, T =

A VIR MIVER VA E LY A MERERIRN LT 2o, ThD

B, AFAVEIZIEZEBOI RN F—IRREBENFRESBRIEFEOREVETR2., &

By ToAVERRBMEOEVRERET AL ANER VS L EREICLD DL

S MIZU o

(4) BEEFOHFA VHONVEVRICEFHEE (tBukk, CHi0E) 2215

ELVUVANEKERZIET UL, I, BEFRSIEEZD22 &L VA MNIEREIILS
e FRENSB,
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6.1 LY A MMEOFRFTEE ORTE

BIEPLESBILEOVT. BELELVYAIOBBERTH S, X— 2K, &
BHEHE L OCBREEFNOZNEFNIZ OV THBRTIEH 2R UL, AETIX. L
L OMBERFEHICE SO THBL {CFHBERVRMEBL Y X PORE, BBRES
FUOERTFANA Z~NOEBKEEERZ T,

e
Matrix resin _(CHEST—( CHESE
oqoo<CH3)3
(tBOC- PVP) |
CH3)3
Dissolution inhibitor &(56‘
Acid generator (@7’38+'OSOQCF3
L TPSTF )

Fig.6.1 The three-component chemically amplified resist.
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SRBELVAMEERRT IR, RBEXBLBXAT L OBRBREXZY K&ECT
52k, Thbb, REAFOBBRAEERZ /NS L, BAROBBEEEZ K&
HZIEDPBEETHD, SFBELYAMNORBICHL TR, CoBEAKCESE, &
BB ZT o /o SEIBMEFBL RCHEHEER VIR SREBLY A P DLEBELRT
(Fig.6.1) o X"—ZAMWIEICIZ. FHFHDF TH 5 tBOC-PVP ( PVPH JE D OHEL D 24 %
RIBOCETEBRUZESTF) 2MFBL. LYALNOBRMUEEHU 2o BRI H
I, BRI T VAN VBEBRICKELDEBEBREL2RIaBEECLEDEH V. &
HMOBHEEDR LR -l F oy BFEIEF L Prebake Iz —EH ML 7 VA4
VAEMICELT 2 ENHBE L, 20LDBDBENNES D LD IR BRI
FERO, RBEXBOBRBREEOET 2R > ko TD20DKMEIHET 5 BMAH
HELT. AV 72— LBDtert-7F AT AT NVILE&Y (B-1P) ZER L o BF
ARELTE2DAZVAEERFE L. PV 722 ANT 3= A YT L—}
(TPSTF) % ZEIRU iz,

6.2 BEL A MDToR AT O—

HELLLYRAMDO7 o227 0—-%Fig.6.2llR T, SEO 70t 2 TRMML
Did CEEEN LA PORTHBLEEOEREZHIET 520, BUEDHE ()7
TZWTVENANEYER ) T HESP-100 (BEAIE T (#) ®W) 2 LYV XA PER EWWBAF L.
80°C, 120N —27 L TWBHHETH D,

{EFHEBERL A ME, KOV YR MERELD BOBBERISEZFEAT 5729,
BOBMBEEEFTETFTHETTIE, XN~ VBRITKRER S A -V 2 5L, 7
Y= Vb= WIZIE, S OEBEUEYEIREL T 5, fl2 X, REBEDTIIAHH
TYRZOAM P 0P L LU R MEE VY a VEIRLEOFEEE BT A DICEH
SN VI (TN H6ERT AT VEZT ) EFThHhbd, LYVAMENFIN
CIEHEUYBELRET L. METHIBOE®NETT 2, EEEIELL Y R b
DE —VBHIZ. TP BOBBECERELTVWI L), PEOKEEUYETDH
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RKEREEEZEZDILTRD, BELERZ—VEERT A EDHICE. 7V — v
N— LB DERENEOEEITIRpph L XNV TIZHH L T BB THZ Y,

HMDS Coat
I

Resist coat

\ substrate

Prebake

(120°C. 90s) overcoat film ESP-100

ESP-100 Coat

Rebake
(80°C, 120s)

EB exposure
EB Expsure
50Kev.
4A/cm?2 Formation of acid
Reaction with acid
PEB

(80°C. 90s)

Removal of surface
/ insoluble layer

Development
TMAH2.38% 50s

Fig.6.2 The process flow of the chemically
amplified positive-tone resist.
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(Post Exposure Baking) ¥F TOREBEHMIPEVWVESIZEEBIZENSE, . B
X HGPEBE TORBREARNE, BRARKIDRBELZBI 7 U — Vb — AITHF
THEMBUMELRNRIGEZRI UAETIESPS <AL, T VEREBEKIZL
VAMENBBRLBL B DTHDI, TORRIFT. TXEHBLEE] 520118
5NBNE—VOMEERK, S [T-top] LN T3,

INEBRETEIHEELTC. YV — VAV —2 WX IINANT 4 VY - % BELE
S OEEEDELRMOBRSFE R LY A MNEDO LBICRER 2 RT3
O FHEREPREZINT VS, LY MRERELLT, KYUEZ LT VO -,
RYVEZVvEaY Py, RUT7ULE, PMALR EHEL Db DB SN, L
PLANL, IXRTOREREIZIBOT, METAHERIBEON TV -,
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Fig.6.3 The relationship between post exposure delay time and

pattern size when the resist film is stored in the clean room air.
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KWETIE. T-top%fhlbd bk, LYAMEBEICKARERE L TREYE
(£ YFTZNTVFRANGYER ) Td HESP-100 (BBFIETL () B) 2&AH L., 80T, 1209
MR- T3 T o 2 2BFKE Lo ESP-I000BMBINII2ODENN &%, 10H
DEMIR, VYR MEBR I U — YV — AR DEERNED SRET 52005 O
THbdo 2BHOHMIMUTOBEY TH D, LYRMNEDOERBELEFETIH. VY R MR
MEDOESP-1002 BT 5 TO\ LY R FEARE & UPrebakethk Db ¥ 1272 B 4
OfIZ, EEEYEEZRELTLE> TV, BEFBRELLRALY A MNEROD
MOBEEPIETLTED. TNEESP-100EE N B K YFIZWTVEIANE/ER DBRIZ & b
MOZELETHD, DR VLYVAMOBRRELFBIRBGEHIC—MBEM T 5 LI
b BFLAL o AITEY, VYA EZPEBEESHICISHEFREHKEL TH. 0.3
pm LESHS E10% LA DT TG T 5 2 L ATHEICE » 72 (Fig.6.3) 7%,
BBEORERRELI, 7V -V I—ADKKITHEMLTVWE LY R FRELTT
B, BREFBHBLTLBILYVRAMNAETORONBEDNH S, FFiZ, TINLAIED
EIFEFHWNAZEE, AVBLYZPREVT, X2 VOBETEHEE ] RN
59, A FBLYAFDEAR, [NEZ-—VOBMVER) PEBEILS, Ihb,
ERLCHFEETIEEL LV VA MNEFOBESPFRARIGEZREI L. BIKRET 5
BILEEZON D,

6.3 FHFEBL R FDL Y X MNEE

BISE L 7= b MIBRI3EL D %R LY X | (tBOC-PVP, B-IP, TPSTF) MEBY v 7' 7
A=AV L DBREMEEFig6.412F o EnEEIZ7.0pC/cn®y ENY BT
I% EHEHIKEWNWL Y R MEREERL o

Wi, LY A MBBEWCEL. R— V82 — Vv LS/ 4 — v O W SENB E %
FEUT o =g — i, 11.0uC/em®BE L - & &2, |/hTEE LT, 0.10
pn (BB E320nm) OWHM/ NS — Vi BREBLS B S50/ (Fig.6.5) o F 7. L&S
NE =iz LTI BATET,S 0.14un (17.5pC/cn®, T ES20nn) O
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AW OEREIT. IR LY A b %, BH D256MDRAME & CV1GDRAMNT /N 1 2 D £ /)
FHEOR—-VNREZ -V (ZNZN0.25umn, 0.15,m) OBEIZHEA L. 256MDRAM

(19954F ) B &L '1IGDRAMTF /N4 R (19965 ) ORFBEZHRBICE I L Th b,
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Fig.6.4  Sensitivity curves of the resist consisting of B-IP.
The resist consisted of 8.0g of tBOC-PVP, 2.0g of B-IP and 0.3g
of TPSTF dissolved in 60.0g of cyclohexanone. EB acceleration

voltage was 50 keV, and the initial film thickness wasABZOnm.
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Fig.6.5 SEM photograph of 0.10«m hole pattern profile for the resist
consisting of B-IP.
EB acceleration voltage was 50 keV, the dose was 11.0xc/cm?

and the initial film thickness was 320nm.
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Fig.6.6 SEM photograph of 0.14 zm L&S pattern profile for the resist
consisting of B-IP.
EB acceleration voltage was 50 keV, the dose was 17.5u c/cm®

and the initial film thickness was 520nm.
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7.1 KBHFE DR

AT CFMEREHEEMAT 52 L0 k), BBE  BREEETRLY A
FOBIRE HRE L T bDTH B, LUR ML, ~— ZHlE. BRI
FUBBEAOISRS L VBEL. TNEARBASALEbEL I LIL LD, B
REEBEHIT Ulo LY R b OGEHE L RIBE. & OEEE & RE L OB
BB oM T B E L bic, FRENDOL YA F A OMRREHEE KRR L. BE
BB - BREREAVIEBL VR F BB ko SEE S Nk X BUE BN
T3E. LFOBD Th B,

(1) R=2BWIE LT, FHEHEDF TH 5 tBOC-PVP (& ¥(p-t =p7z/-») (PVP) I8
DOHED —FHZtBOCETEBR L cmasF) 2HEL. T L L YR PEV Y
VERLDOFEE®EH EL, 2oLV R FOBBHOHEIMEE K 5 2o tBOC-PVPD’
tBOCIE R H <2 E LY A MRERIELL, BBEIM LTS L2 AL o
BE. MBELZWMET 5B DOtRBOCLE (24%) Z2HREL =, (F2E)

(2)3HA LY A (N—2HE. BRITHA. BREEE) T 2 BHEIH AL
REAROBHREEOERTOALL LT, BATOBBREEOH LICHBE. €DK
Ry LYVRMREAMEBABEOBBEEZIFBARL. @BBREL YR MRS
TEEWoNrIT L, (BI3E, B4L4E)

(3) L ¥ & kPrebakelf (120°C) o, BWMRIWHHORSBEE2IET 5720 Lz,
RBRBOBBREELZPSLTH20. ARA. BOBR. &2 FEOBRAHA
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