
�����şƅŤųƆŴŤūņxY�$°¼Å��

xY�ř�łŁ��ßÛ!
qĎ#�ăÃŉŀŉHèW�

^rLP`PĆƈ9�&
�

SPring(8$°vĂ/ó�ġ¯�$°¼Å�İ2012.10.04!
�

ŊĽŐň!

��ŲŷŜū!

İ�Ŕĸĵıùĵı�¤źƆŭūıźƃƇůŹƄıLėÄ!

İðĚƑØ	oı�oıE�o!

��ŲŷŜūŉ«o;�ŉŁŐň!

ƈ³ėŉ=ĚƊĔ�ƌ��.Z�ı!

İÒÕ\ƌ��.Z�ıpƌƘ³ėƋ!

ƈ��.Z�\ŉÐ�oŉ;�!

İ!!→Kg%kƊ0¹-Ƌ!

İİ→ć;%kƊÛ3|;Ƌ!

İİ→ė�ć;ŉ%kƊ0Ð�-Ƌ!

İİİİİİİİİ!

İ!

�

ÒÕÛġ�

.Z�\�

��ßÛųƂƇŪūůňķĵńţƀƃŚ
Ŋ.Z�\ņÒÕÛ\ŉ³ėřÂ,���ßÛŉÐ��āí�ġ�



!N�āŉĄĵ�

Ð��āŉĄĵ�

ŧƇŸŠſƉũƁƇ�

!Nŉć"ŉĄĵ�

ūůűţƇťƊaė!NƋ!

Kgõ�

(�N�āƊ¸Č¬!NƋ�

ƈKhŇÐ��āƊá§ŉĄĵƋ!
ƈ�gqędŉĄĵ!
ƈaãgŉĄĵƊµ|oƋ!
→qĎ�eıÏÖ�āƊƎ��ıƏ
��Ƌ!
→ťƅŜƇŨŜŬ!
→K�ĸŃµ|ořőŃªo!
�

ć;ŉÜ²d�

T M

ƕ ƕ’� ƕ
įį� į�

//�//�

//� //�

ƕ’�

DS2T�
ŰšŸŞƇÌ(DS(nT)��.Z�!
ƈ�ú¶ğĵÂ,dƊ�0.1!cm2/Vs)!
ƈV¤ƈL�ēA��ŅĎ�ň£ŕQS

(>500days)!

S
DS-nT
n = 2, 3, 4n  

J.!Am.!Chem.!Soc.,127,(2005)16347!!

S
SS

S



�Ğ�Ĺ�āň5ōľiĘŉñ��

�ÉGŉ5ōľ+�ŉñ��

ŚƄţƄGņŚ
ƄţƄČĎŉ5
ōľ+��

šƅŸśƇĆ!řŚŭŰƅƇ
ňJĶŁ+��

šƅŸśƇĆ!ňũŚŵGř
Z�ļŁ+��

��.Z�ŉ!Nìë�

Butyl!G�

Hexyl!G�

OctylG�

X!=�

�ĳň!N�āřJĶŖĻņŅ�

1!μm!1!μm! 1!μm!

DS(4T! DFS(4T! Py(4T!

aEÛ3İ10!īİİİTsƓƐƍ!ĭı100!ĭİ�

!J.!Phsy.!Conf.!Ser.,!83!(2007)!012026.�

F

F

F

F

F S
S

S
S

F

F

F

F

F
S

S
S

S



d!=!2.80!nmƊDS(4TƋ!

d!=!3.22!nmƊDFS(4TƋ!

d!=!3.11!nmƊPy(4TƋ�

ėďĒƑd$

3ŏ|;ƊZø|;Ƌ�

���

����in%plane(GIXD)!

F

F

F

F

F S
S

S
S

F

F

F

F

F
S

S
S

S



X(ray!

θ(2θ$scan!

detector!
qz 

sca2ering!vector!

S
S

Thickness 
(Å)�

Roughness 
(Å)�

Density (g/
cm3)�

39 � 2.8� 0.8�
1.0µm

S
S

simulaWon!

XRD!

1!MLİİcov.70!%!

X(ray!
reflecWvity�



Be!window�

diffractometer�

chamber!

X(ray�

detector�chamber�

PILATUS!
(detector)�

ģĤ�

İġġ���� >řCS!
• ĕ��ďƑ30Á!

• ĕ�ÄÊ�zƑ200��



Qxy�

Q
z�

(1!1!L)�

(0!2!L)�

(1!2!L)�

ģĥ�



Qxy�

Q
z�

(1!1!L)�

(0!2!L)�

(1!2!L)�

ģĦ�

400nm

the!layer(by(layer!growth!!�

streaky!diffracWon!paeern!was!observed�
ģħ�



3(dimensional!island!growth!mode�

Spot!diffracWon!paeern!was!observed�
ģĨ�

Scanning!PILATUS!
Scan!rangeƑ2θχ !11ƙ16°!

• Sampling!step!Ƒġ0.1°!
• Exposure!WmesġƑġ10!sec!

chamber�

PILATUS!
(detector)�

soller!slit�

This!measurement!can!give!high!resoluWon!of!qxy!�

2D(GIXD!scan!mode� Example�

ģĩ�

Soller!slit!was!introduced!in!front!of!
PILATUS!detector�



ģĪ�

Q
z![
nm

(1
]�

Qxy![nm(1]�

Scan!range�

animaWon�

a!(nm)� b!(nm)� c!(nm)� β!(deg)� Sab!(nm2)� V!(nm3)�

DH(DS2T!!(ƒ3ML)� 0.588� 0.782� 3.554� 104.0� 0.460� 1.57�

DH(DS2T!!(Ɣ3ML)� 0.588� 0.769� 3.554� 104.0� 0.455� 1.54�

Unit!cell!parameter�

11L�02L�DH(DS2T�

Peak!shim�

ĤĢ�

in(plane!peaks!shim!consecuWvely!to!
higher!qxy!by!exposing!air!�



[Q
z]�

[Qxy]�

02L�
11L�

11L�
02L�

Scan!range�

DS2T�

DH(DS2T�

DS2T�

DH(DS2T�

(ƒ2~3ML)� (Ɣ2~3ML)�

discussion�

Change!in!packing!!By!exposing!air�
Moreover,�

Molecular!packing!changes!
with!increasing!thickness!!

DH(DS2T�

Change!in!intermolecular!interacWon�



Ù��

·¶�

İƈpF��.Z�ŅĴŖŻƇůŭƇņnF��.Z�ŅĴŖ
ŸűÍ-ŻƇůŭƇŉÏq�řJĶıµŇŖÏqŅŉ�Þ»
ÛŉgqăÃřñŌŖĲ�

��.Z�p-n�Þ»Ûİİ�
ƈ��ßÛŚƇŷŜŽƉƂFųƂƇŪūů�

ƈ��ßÛMđĔ��

ŋŉn°�

ÍN«oŉ;�İĮİÐ�ÏÖŒÐ��āŉ®êĹĉç�

ÏqŉJ-İĮİÏÖŒ�āŉJ-!

gqăÃřƃŚƄůŜžŅ¥SľŖmçĹĴŖĲ�

ŻƇůŭƇƑŸűÍ-ŻƇůŭƇ�Þ»ÛİĮİ�Þ»«�ŉ¹Ĺ 
�

!

ƈî{ƑġŻƇůŭƇ(PEN),!ŸűÍ-ŻƇůŭƇ(PFP)!!

ƈG�ƑġÜ¨Ĉ-Û�ĺSiŝşŶƉ!

ƈG�¤dƑġV¤!

ƈÞ»ĀdƑİPEN:PFP!=!2:1!

!!!!!!!!!!!!!!!!!!!!!!!!!PEN:PFP!=!1:2!

ƈaEÛ3Ƒġ0!ƙġ70!nm!

ƈºÆdƑġ4.0×10(4!Pa!

ƈ2��ľŗľŗ�YXÔ?s¥S(2D-GIXD) 
SPring-8,BL19B2 

�°ä×ƑKøXÔ?sä×(HUBER¿) 

¡ĎƑ0.1 nm 

�YéƑ0.12° 

ƈ4Nď)ělčġ(AFM)�

PEN�

PFP�

�Þ»�å���

í�| �



qxy

q
z

θ 2θχ

PEN cell PFP cell

shutter

QCM

SiO2/Si

Be window

=0.12

QCM

qxy

q
z

θ 2θχ

PEN cell PFP cell

shutter

QCM

SiO2/Si

Be window

=0.12

QCM

Tĝä×�

ßÛŉcËAŉþ�NÆď
řèWľŖĻņĹ6ÚŅĴŖĲ�

ºÆÞ»ŰƀƇŷƉ�

0 

4 

8 

q z
 (n

m
-1

)  

0 4 8 12 16 20 24 
qxy (nm-1) 

0 

4 

8 

q z
 (n

m
-1

)  

0 4 8 12 16 20 24 
qxy (nm-1) 

0 

4 

8 

q z
 (n

m
-1

)  

0 4 8 12 16 20 24 
qxy (nm-1) 

PEN�

PFP�

PENƑPFP�

00L� 11L�
02L� 12L�

00L�

02L� 12L�
13L�



6 nm 

0 4 8 12 16 20 24 
qxy (nm-1) 

6 nm 

50 nm 

24 nm  20 nm 

50 
nm 
50 nm 

(a) 

(b) 

(c) (f) 

(e) 

(d) 

0 

4 

8 

q z
 (n

m
-1

)  

0 

4 

8 

q z
 (n

m
-1

)  

0 

4 

8 

q z
 (n

m
-1

)  

0 

4 

8 

q z
 (n

m
-1

)  

0 

4 

8 

q z
 (n

m
-1

)  
0 

4 

8 

q z
 (n

m
-1

)  

0 4 8 12 16 20 24 
qxy (nm-1) 

ƑPEN¹� ƑPFP¹� Ƒmix¹�

6 nm 

 PEN rich films  PFP rich films 
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