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Abstract

Block copolymers form microphase-separated structure by self-assembly. The microphase-separated structures

in block copolymer films are useful as advanced nanolithographic templates. Grazing-incidence small-angle X-ray

scattering (GI-SAXS) measurement provides structural aspects on both periodic structures and their orientation of the

microphase-separated structure in films, which is powerful tool to evaluate the microphase-separated structures. GI-

SAXS measurements generally have been performed by using synchrotron radiation source. Recently, we fabricated

a GI-SAXS system using laboratory-scale SAXS diffractometer with GI attachment. By adjusting beam diameter,

beam stopper, camera length, and incident angle, we optimized the conditions for the GI-SAXS measurement. Our

system indicates the performance to obtain small-angle scattering corresponding to over 60 nm periodic structure. We

note herein technical know-how about GI-SAXS measurement for the microphase-separated structure using labora-

tory diffractometer.
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Figure 1. Imaging plate obtained by GI-SAXS measurement of PMMA-b-P5SAz10MA spincast film (a). Incident angle vs in-plane diffraction

maximum intensity for the GI-SAXS measurement (b).
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Figure 2. Optical system for NANO-viewer.
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Figure 3.  GI-SAXS pattern of PMMA-b-P5Az10MA spincast film.

Figure 4. FE-SEM Image of PMMA-b-P5Az10MA spincast film.
The inset shows a 2D fast Fourier transfer of the pattern.
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Figure 5. In-plane intensity profiles obtained by GI-SAXS measure-
ments of PMMA-b-P5Az10MA spincast film. Solid line;
narrow slit (¢0.3 mm) for 12 h exposure, dashed line; wide
slit (¢0.8 mm) for 5 min exposure.

Figure 6. GI-SAXS pattern of PHS-b-PS spincast film.

TE7zo LA L, E—AED/NSWITHS, BN 2 sl € —
7 TH ol B AEDPRE VLA ITHELS A &
HolzDlE. E—AFOWRIZEEF AL PE—4B
L UHEL X BOFEHADWERNIER L EZ bILs, -
AL 20 SRR S50 < ARAE T A 720, B/ A SHIEIC B
FAEL B LD Bt v TLOREIL, E—2FE /RS
LR EOVBEORWT =035 6N 5, 7272, X
MY — LR AGXHEEIE ML — F- 7 0BRICH
D, R LHEERFT) 72OIEH /NS R ¥ — A8



FRA =)V GI-SAXS MITEIZ & B 3 7 TAHSBERE 15 o B 6] 37

EILWnEw)biFTidZR, RSB L7ZA) v bo
BENPEETH Do

5. Yru0OMO KSR E DB

CZTlE, FoloK) (4-e FuxF A5 1) (PHS)
ERYAFL Y (PS) b7 h 70y 7 3EHAK PHS-
b-PS HEZ H WM+ %, & FH5 T8 M) &
34000, =504 (MJM,) 1% 1.10, PS OFESE: 0.80
@ PHS-b-PS # 372 TNETIZ, KYZFL 7
a— )V (PEG) % F— 7 L7z PHS-b-PS B H A Y~
¥y A MEERHEL, RIS PEG X% 5 2 LT,
EEICEERM L2 v —1R 3 7 a4 B & A
BoONDLZEPWMEENTVE” Y rra oy gt
Yt 2% SPring8 1235 1F A GI-SAXS g Tla~ A 7 afb
BEOHRFI CHKOBREEL E Tl s Tz, &
@ PHS-b-PS A Y » % v A b & i )] X i M4 55
NANO-Viewer |2 T GI-SAXS ] %2 L 720 ¥ ¥R — L A
)y PO, Ist; 0.5 mm, 2nd; 0.25 mm, 3rd; 0.6 mm
(V—2£508mm) & L, E—A R v /8—lf, 51 A T £,
X ST G 0 513 PMMA-b-P5AZIOMA % l5E L 72 &
SLFABETH D, M6lE, MF1EMOLZDA 2=
YT 7L —METH D, SPring8 IZBITHMET—F &
FRRIC, NI IR DR IREEL E THERR T & 720 1
A=T T T L= MIBolzE =LA Ny )X—DEOA
B S, FRFRAYICIZ 20 =0.08° (d= 100 nm) (ZHHH4$ %
KESOFRMMEEDTMRETH L EEZONL, TR
TOWEIZ, >z ua bo s T ollE Iz T
BB MPICEE D2 DE SO0, 20 55EEEICE LT
R L )L BT E B,

6. £&D

AFXHOE =L, E—=L A~y X=lF, h A TE,
b XA A LIRS R EFICRRETH 2 LIl &
D, 60 nm FREDOKE O HROFELE T KR A
=)@ X MR PTEEE % A 72 GI-SAXS #5212 T
TAHI LY L7z BRI, BV T XA S
HEETHH, AFXHOEL—L2F2/N S LTHX
HEAGT A % B A OB IS ET 5 2 & T L
X e EmaRIc I TEL L EWL e L, T70,
AF X O — AFEDP/NEWVIE EEGHEER T — &8
BoNDH, E—LFE A XML L —F+ 7
OHRTH D720, IRPORED LWHED 7212
F7 =7y b T A/NEEIZIE U7 € — AR OFED
BECTHLIEDbhro7 TRTOIEIIZY Y70

bR & I Z T & v B W E W TR TR
FOELS L (Y rraba yEEHETIEY A s e~
IVBTHHTE 2D 0OH, T REE T~ 5
WD) 20 EEICE L CiEY vy a ko ek
LS L OV EER L TEBY ., BT 2 & OR %
LEMTTOMERIThEVOTHIUL., THEHTE
LREE S A ) T4 Thb, &% GI-SAXS HIED T K
LARVTHZEIL Y, XY BTk nsbl L
T, S 2 NS A0 E T E T oREE
FREL 72w

A

PHS-b-PS D @i+ > 7V etk L TS o7, 4
HEITSERSE WABREEICEH LT,

z £ X #

1) J. Y. Chen, C. A. Ross, E. L. Thomas, H. I. Smith, G. J.
Vancso, Appl. Phys. Lett., 2002, 81, 3657.

2) M. P. Stoykovich, M. Miiller, S. O. Kim, H. H. Solak, E. W.
Edwards, J. J. de Pablo, P. F. Nealey, Science, 2005, 308,
1442.

3) S. Xiao, X. Yang, E. W. Edwards, Y.-H. La, P. E. Nealey,
Nanotechnology, 2005, 16, S324.

4) V. R. Koganti, D. Dunphy, V. Gowrishankar, M. D.
McGehee, X. Li, J. Wang, S. E. Rankin, Nano Lett., 20006,
11, 2567.

5) E. M. Freer, L. E. Krupp, W. D. Hinsberg, P. M. Rice, J. L.
Hedrick, J. N. Cha, R. D. Miller, H.-C. Kim, Nano Lett.,
2005, 10, 2014.

6) Y. Morikawa, S. Nagano, K. Watanabe, K. Kamata, T.
Iyoda, T. Seki, Adv. Mater., 2006, 18, 883.

7) B. Lee, 1. Park, J. Yoon, S. Park, J. Kim, K.-W. Kim, T.
Chang, M. Ree, Macromolecules, 2005, 38, 4311.

8) T. Uekusa, S. Nagano, T. Seki, Macromolecules, 2009, 42,
312.

9) T. Matsutani, K. Yamamoto, J. Phys.: Conference Series,
2011, 272, 1.





