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Analysis of Surface and Interface of Polymer Films by NEXAFS
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NEXAFS&! Near Edge X-ray Absorption Fine StructurelSpectroscopy is applied to the analysis of surface
and interface of polymer films in information and electronics industries. Since a control of the surface is im-
portant for these polymer films, advanced methods for the analysis of polymer surface are necessary. An
analysis of molecular orientation by NEXAFS provides a lot of useful information to polymers that the mo-
lecular orientation is important like alignment films. NEXAFS is also suitable to analyze the photo and ther-
mal reaction of polymer films because the spectrum reveals much information related to the chemical
structure of polymers as shown here. NEXAFS spectroscopy is demonstrated to be a useful method of the

analysis of surface and interface of polymer films.

goood
gooooobobbooooooooboooomboooa
coobooobobooooooboboooooooooo
cooooobobooobooboooooooboooooon
goopooobOobbooopoboboobogooboooo
ooooobooboobooomoboboboomoooog
coboobobooboooooboooobooooooboon
oooobobobobooooobooboobboobobooog
oooooboboooboooobobooboooooboooo
ooboobooobOOooOobOoOoOoOOObOoOOoon
goboboooobooooooooooobobooooo
coboooobooobooooooooononoooon
oooooooobbooo
oooobooooDbDobobooocooooooooooo
oobooboooomXpsloooooooooooo
goxXxesOoooooooooooooooooooo
obooooooobomooooocbooooobooOooon
cobobOoooooooboooobOoobOoooooooooo

gooooooooobobpoooobooboboobooon
gooboboobboooboboobooooooooo
goboobooobobbobobooboboboooxXooo
U0 00NEXAFS 00O NEXAFSD O XPSO U
gooooooboooobboooooooooooo
gopboooboooooboboboboooboboboon
0000000000 NEXAFSOOOOOoOooo oo
goobboobooboooooooooboooboobon
oboooboobooooboooobobooboooboooo
gobooOoooboooboboooboobooboboooobo
aooo™™r g
UO00DO0O0OOONEXAFSDODODOOOOOOO
NEXAFSODUOOODOOoOO0O0oooboooooogooo
gogoboobobbbooobooobooooobo
OONEXAFSO O O O0OOOOOOoooooooooog
gobooobooobbbooboooooob oo

JSR TECHNICAL REVIEW No0.112/2005

13



O NEXAFSO O OO

NEXAFSOOOOOOOOoooooooocoood
coXobooooooooooooooooooooo
000000000 0000000 oo0oooooo
cooooooboooooboooooooooooon
oo0ooOo0oooo0oooosbooooooooDD
mlo'00000000000000000000 O
oobooomoooooboooooooobooo
00 0000NEXAFSIO OOXPS1O O O0O0O0 XPSO
0000000000000 OOONEXARSO OO
toooboobooOobOoooooOoOoooooooao
C0o0O0o0ooooobDOobDOO0ONEXARSOOOOO
cboooooosboooboobooooooooooo
oooooooboboooobooooooboooooOoo
ooooboooooooooooboooooooogo
NEXAFSOOOOOOOOOoODOOO0o0ooooooog
ooooooooboooboobooooo

NEXAFSOOOOOOOOO0OsROOOOOO0O0OOO0O
OBLUOOOOOONEXAFSO OO OOOOOoonO
cbooooooobooboooboOodmgbOOoOonooon
oooooXoooooooooooooooosLd
O0O00OrevODOOOOOOOOODOOODOOOO
oooboDoobooOKODODOoOoooooooooooooo
OOOoDOOO0OO0O0OONEXAFSOD OOOOOOOODOO
oboooooboooooooobDDbomMmepPm O
oooooooompeYy@mOoooOOOoOODOOO
cooboooooooooboooboooOooooomvd
movooovagoo

g
g bobooooooo
goodoooboobobbboooboobboobobbbo
gobogooooboboooboboobbbooon
goboobooooooooboobnooob boobo
gooboobooooobooooboboooboboboOoboo
gbobobooooobooboobooooboooboooo
goboobboobooooooboouoobooooo
gobggooboooboobooboboobbboo
gogobobooboobobooooobboboobbon
0000000000000 0o00oooooog
OO0OONEXAFSOOOOODOODOODOOO

0000000 PMDA-ODAI pyromellitic dianhydride-

oxydianiline ITA indium tin oxidel OOOO0ODO

oo oo ooggoooo oo oo
dod00oooUooUuooooooUoO0ooUooOoo
romO000 00 O O@min/secd 00 O O OO0MmmOd
O000O0o0ooooooONdyYAGOODOOOOOOO
OnsOO00O0MHzOOODOONnmO O OOOOO0OOOO
C°00000MmW/emOO000O0000000000
agoood
0 ooooooooooo

oo GHCHCHCOCH, M OO Ooooooooo
O00000000O0O0oOooooooooooooog
0000000oOoooooooooooooooon
000000000000000° 0000000000
000000000 MLPUVDOOOOOOOOOO
Jooooooooooboooooooooooood
JdooooobooboobbobooLrPuvhO OOooo
godooooooboobbbbooobooobooo
gdoooobboooobboooouooboonoo
OONEXAFSOOOOOOOODODODODOOOoooooo
ooooooog

0000000 00oo0oooooooooooooo
golTooooooooooooooooooooooo
Jd00O0OnmO 000 000000000000 000
ooooooboooobooooobooodooo
00000000 000myemooonO

0000000000000 D0OO0OONEXARSOO MO
O000O0ab initioO 00 000000GSCAIOOONO
STEXI Static ExchangeD O0O0DO00O0O0OOO0OO
HuzinagadOOoocGcToOo O ODoooon
O 0o000o0oO0ooooooo

ooooooooooooboboboobooonog
Joooooooooobooobooobooooobon
oo boooboooboog
googoobobobbobboooobboobbobboa
O0o0oooo0ooo0oooooooooooooooo
000oo0oooooooooooooooooooon
00000000000 00000O0NEXAFSOOOO
ooooooog

0odoooooPMDA-ODADITOOOOODOOODO
oooooboodnooooooogooob oooogo
goooooboomoooooooobooooooog
000000000 DO0ODoDCBIO-pentyl-biphenyl-
carbonitriled™ N0 000000000 MO M OO
0000000000000oooooooon

14

JSR TECHNICAL REVIEW No0.112/2005



om socoooooood

SOG! Spin-on-Glass 0 0 000000000000
choooboooooooobOoobooboocooooa
doooooon"™moooosioDoooooooooo
gboooobonoooobobooooooooooooo
mMsQI gooooooMsSQu o oooobooo
oooopoosocooooooOooobbbooooo
gooboooooobooobobboooboooooooo
Si-LO O O ONEXAFSOOOsSocO O OOOOooono
oooo

Normalized Intensity (a.u.)

000000SOGH 0 0SOGINSoGINN0 00D S O N
0OMSQUODOOOONDNDNONDONDN0DO0ON00O0 Photon Energy (V)

000000000000S0000000000000 20 e
000000000000000°0000000000 ROR! R

=~ 30deg

16 L TN\ " 60deg ]

Oooooooboooooosoooooooogsio;

ooooMsQuuoOoono 1.25

gooogo

U oooooooood
uooooooodgobdPMDA-ODADOC-KO OO

cobooooooooboobooobooobabbooDnn :

OoOoboooooboocooooDbOoOoopOoobDOOoD : Y

08 |

04|

Normalized Intensity (a.u.)

O00o0oo0oooOooooboooooooooond O 280 290 300 310 320

Ph E Y
0000000000000000000000000 oton Energy (eV)
000PMDA-ODAD 0O0O00OO0O0O0OOOOOOO Fig. 1 NEXAFS spectra of rubbed PMDA-ODA for dif-
000000000000000000000m 0000 ferent angles of incidence 0 a parallel scan,

O bOperpendicular scan.
O0O00O0O00ooooooPMDA-ODAD OOOOOOO

0000000000000 000000PMDA-ODA
ONEXAFSOOOOO000O00000000000A0
O0DmMeV] ODAD 000000000 0000 :
0DmMeVIO0DDO0D0DO0ONMI 0000MODO000 018

0.20 } ' . . '

O00000000000oo0™ 0PMDA-ODAO O N 0.16 _ ]
0000000000 0000000000000000 S ona | ]
> [
dooboooooooooooobooomooooooo g 042 I
gooooodoooooobooooomoooooo ;: :
& 010 [ —®— Rubbed || ]
oooooobooooood [ —&— Rubbed L

[ ——LASER ||

00000000000000 000PMDA-ODAD 008 b laser s
000000000 000000000000000000 0op [ g
000 00 0PMDA-ODAD ONEXAFSO 0000 0O
0 OOI0MeVO PMDAD 0 00000000 0000
00D0000D000000000000000000

-90 —60 -30 0 30 60 90
Incident Angle (degrees)

Fig. 2 Intensities from the peaks assigned to the transi-

tion into the lowest unoccupied ”orbital of the
“ Rubbedll "00000000000O0 Rubbedd 00 PMDA as a function of the photon incident an-

oooOoO00O0D0O0O Laeserl "OO0O0O0O0OO0OCO gle.

JSR TECHNICAL REVIEW No0.112/2005 15



0000n Leserd”’00dobOoooooooon
“ Non-rubbed"0 D000 O000OO0OOOOOOOOO
000o00o0ooU0ooooooooooooogog
0000000000000 0ooooooooooo
Oo0oooooooooOoO0oooOooooUoooo
ooooobooooooooobooobooobooooo
oo ooboobobobboooog
goooobooooboboobobuoobobbon
O O0O0oOPMDA-ODAOOOOOOOOOFT-IROOO
ooooooooooooooo™mooooooon
0000000000000 00000000ONEXA-
FSOOOODODOOOOOOODODOOooooooooog
000000 oooooooooooooooooo
dooooooobooooooooboobogboooo
oo
0 ooooooooooo
goooooboooooooooooooooogocekK
O000ooooo0oooOoooooooooog
LPUVO OO M OmMOoOoLPUVO O OOOOOOOO
00000000000 0oooooommooooooo
ooogdmmonomer O MOO0O0O0DOODO
MdimerdO00MIO0OOOO
gooomoooooboboooooooboAboo
DOODOOODODO 00000000000 dOO0O0OOn
dobodboooooobooobbooooBgdo €
OoooooLPuvOOOO0OOOO0OO0ODOODOOOOO
oodoLPUuvVOOOOOODOOUODOOOOOOOOOO
0000000000 oooooooouoooooooo

—— observed (before UV-treat.)
----- observed (after UV-treat.)
—- simulated (monomer)

----------- simulated (dimer)

Intensity (a.u.)

280 282 284 286 288 290 292 294
Photon Energy (eV)

Fig. 3 Simulated C1s spectra of the photo-alignment

copolymer in comparison to the observed C1s

NEXAFS spectra before and after UV treatment.
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Fig. 4 NEXAFS spectra at the N1s edge of PMDA-
ODA, 5CB thin layer and 5CB multilayer.
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Fig. 6 The Si2p NEXAFS spectra of SiO,, SOG1, SOG
2 and MSQ.
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