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Abgtrad The polyimide films were prepared by imidizing the polyamic acid 
long-chain alkylamine (dimethylhexadecylaminemine) salt films with a thermal 
treatment up to 3OOC for 30 minutes, where the polyamic acid &lamine salt 
films W- famed on various substrates by U- --Bl~dgett (LB) 
method. The imidization of polyamic &lamine salt films with various 
thickness were ihtified with I?"-IR and UV-visible absorption spectrosaqies. 
Atomic Force Microscopy (AFM) and Scanning Electron Microscopy @EM) 
have been used to investigate the surface morphology of polyamic acid 
alkylamine salt and imidized films with a thickness from one mnolayer to txm 
monolayers. It was found that the imidization of the polyamic acid akylamine 
salt films with a thermal lreatnmt sigdcantly kmeases the surf- 
mimm~ of those films by f m  sub-miarn order of polyimide 
grains on substrates and no defects such as pin holes were observed by SEM 
analysis. 

INTRODUCTION 
Polyimides are very imporwlt dielectric materials for I n id *  and electronic 
packaging applications because of their excellent thermal and chemical stability, good 

mechanical properties, low dielectric constant and their pncasability." Especially 
for microelectmnic application, the preparation of ultra-thin films of polyimide is 
required to obtain high perfamance materials? One of the well-known methods far 
the preparation of manic thin films is the LB technique. A lot of attmtions have 
been paid on this LB technique only about ten years ago because it can provide the 
desired control on the d e r  at the mlecular level. 

Recsntly, the polyimide films with a monolayer thickness of about 0.4nm have 
been successfully prepased by LB technique! Tunnel junctions with MIM structures 
were also fabricated using ultra-thin polyimide films famed by LB technique4 In 
such a case, the surf= marphology of thin films, in other w d s ,  the quality of those 
films becomes so critical for the effective control of device as the 
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244 Y.K. KIM ET AL. 

minimum dimension of devicas are diminished. Soms research activities on surf- 
morphology and the molecular structure uf polyimides has been done recently by 
AFM and X-R~Y scattering experimnts with a theomtical modeling, respectively? ' 

In this papa, ultra-thin polyimide films composed of the pyrometillic dianhydride 
(PMDA) and oxydianiline (ODA) with a thickness from one monolayer tD ten 
monolayers were formed on various substrates by using LB technique and the surface 
morphology and molecular structure of those films were investigated by using AFM 
and SEM. 

EXPER IM ENTALS 
Materials 
Polyamic acid dimethylhexadecylamine salt was prepamd as reported in elsewhere' and 
purified by recrystallbation h m  toluene, where PMDA was purified by sublimation 
method and ODA was used as purchased. 
Ramration of LB films 
LB films were deposited by using computer-conirolled Kuhn type KSV 3OOO. Distilled 
water as a subphase was purified by a Milli-€2 Reagent Wata Sysbm. For W and 
IR absorption speciroscopic analysis, polished quartz plates and one side polished 
p-type silicon wafers (100) were used as a substrate, respectively, and cleaned prior 
to deposition. For AFM analysis, on the other hand, mica were used as a substrate. 
Polyamic acid alkylamine salt powder were dissolved in a mixture of 
N,N-dimthyla&amide (DMAC) and benzene (1:l) to a concentration of lmmol/t just 
before deposited. The LB films were deposited at the surface pressure of 35mN/m, 
compression speed of lmN/m/min and dipping speed of 5mmhin after spredng 
polyamic acid salt solutions on deionized wata at 2OC. The LB films were deposited 
as y-type, where the iransfer ratio constant was almost 1. The obtained LB films of 
polyamic acid alkylamine salt were imidized with a th& treatment up to 3ooC far 
3omin. 
Measurements 
For the identification of imidization of polyamic acid salt films, IR spectra were 
recorded on BIO-RAD FTS-10 spxtmme& and UV-visible spectra were remrded on 
HP 84!j2A diode array type spectrometer, respectively. The surface mDIphology of LB 
films before and after imidization was investigated by using AFM, model Autobbe  
LS from PSI and SEM from JEOL. For the AFM analysis, polyamic acid alkylamine 
salt films were deposited and imidized at the same amdition as mentioned before, 
where AFM was operated in the constant fame imaging mode. 

RESULTS AND DISCUSSKIN 
UV-visible speclra of polyamic acid alkylamine salt films with a various thickness of 
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ULTRA-THIN POLYIMIDE FILMS 245 
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mornlayers are shown in Fig. 1. Plots of absorbance at 206 and 26Ontn of polyamic 
acid alkylamine salt films for each layers are also shown in Fig. 1, which gives a 
good linear relationship between the numbar of layers and the absorbances at two 
different peaks. This suggests that the layer by layer deposition of polyamic acid 
alkylamine salt films at molecular l e d  were successfully controlled. 
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Fie. 2. FT-IR spectra of the polyamic acid alkylamine salt film and 
imidized film, deposited 102 monolayers, with 4-Cm' resolution. 

0 

wavelength (nrn) layers ( n ) 

Fie. 1. W-visible absorption spectra of polyamic acid alkylamine salt 
film with a various layers. Plots of W-visible absorbance against the 
number of layers of polyamic acid alkylamine salt films at 206 and 
26onm are also shown in this figure. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
20

 1
8 

Fe
br

ua
ry

 2
01

3 



246 Y.K. KIM ET AL. 

Fie. 2 shows IR spectra of polyamic acid akylamixn? salt film and imidized 
film, deposited 102 layers. Disappearaace of the double peaks due to hyclrocarbon 
group of tiimthybexa&cylamine at 2875 and 293ocrn-I and appearance of the peaks 
due to carbony1 group of polyimide at 1780 and 1+ZZ&rn-' imply that the imidization of 
polyamic acid akylamine salt film was completed with the removal of long-chain 
akylamine. 

The surface muphalaey of polyamic acid alkylamine salt films and imidized 
films were also studied by SEM. The imidized film was as flat as that of polyamic 
acid salt film, but only one defect as shown in Fig. 3 was observed on the whole 
imidized films with an area of 1.5cmx3cm Thus the defect seems to be due to the 
agglomerated contaminants contained in polyamic acid alkylamine salt solution itself 
not by LB deposition method. 

Fig. 3. Seaming Electron Mi- of the defect found on imidizd 
film with a thetmal treatment 

AFM has been widely used to investigate the surface structure of insulating 
materials because of its high spatial resolution and its caoability of nondestructive 
observation. Fie. 4 shows typical AFM images of one monolayer of polyamic acid 
alkylamine salt film and also imidized film on mica plates, mqectively, with 
an area of about O . p l m X O 2 w n  and also shows the height prufiles of the l h s ,  as 
marked on each film. It was found in Fie. 4 that t h m  are apparent changes of 
surf- morphology befare and afber the imidization of polyaxnic acid akylamine salt, 
wheae the surface m i m h n e s s  of polyamic acid alkylamiae salt film was 025A 
and that of imidized film was inaeesed to 2.6A. It can be understood in tams of the 
formation of polyimide grain during imidization that the amage surface 
micrcroug- of imidized film is much higher than that of polyamic acid aurylamine 
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ULTRA-THIN POLYIMIDE FILMS 241 

salt film. As shown in height mafiles of two diffemnt films in Fig. 4, the peak to 
valley height for polyamic acid salt film was almost less than l.OA, but that for 
imidized film was mom than 4.0A and the &tame between the valleys was 
sub-miam ardea level. This indicates that the flat polyamic acid salt film &awed 
into the polyimide grains with a size of less than 0 . 1 ~  by cyclizalkm of polyamic 
acid salt into polyimide with a thermal treamt 

A d) 

I I I 
0 1000 2000 3000 

distance (A) 

Fig. 4. AFM b g e s  of one monolayer of (a) polyamiC acid dk~l8mine 
salt film and (b) imidhd film on mica plates with an scadng area of 
02+mx0.2wn. Height profiles of (c) polyamic acid alkylmhw salt film 
and (d) imidized films are also shown in this figure. 
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248 Y.K. KIM ET AL. 

Fig. 5 shows also the AFM images of ten monolayers of polyamic acid salt 
film and i m i M  film on mica plates, mpective4, with a scambg area of 0.811mXO.8 
clm The average mia-cuwghness of polyamic acid salt film with ten monolayers was 
3.OA, which is much higher than that of polyamic acid salt film with one mnolam. 
On the other hand, the average mi-hness of imidized film was about 21A, 
which is about an orda of magnitude higher than that of one momlayer of i m i W  
film and there was no difference in shape and size of polyimide grains between one 
monolayer and ten monolayers of imidized films except the thickness of the grains. 
ThiSseemStobe 
due to the reQlction of volume of polyamic acid salt duing the imidization rrocess, in 
which the elimination of W due to cyclization of polyamic acid salt b polyitnide and 
the rermval of long dixmthylhexdecylamine with a thermal treatment occur 
simultaneously. 

Fie. 5. AFM images of ten monolayePs of (a) polyamic acid alkylamine 
salt film and (b) i m i M  film on mica plates with an Scannine area of 
O.&m X 0.8wn 

In order to investigate the i m i M  film at molecular level, the imidized film on 
mica plabe with a tfiickness of one monolayer  we^ scanued over an area of lOnmX 
lOnm with AFM, which is shown in Fii. 6. Unprocessed image and high- frequency 
noise filtered image of the imidized film are shown in Fig. 6 (a) and (b), respectively. 
The filtered AFM image as shown in Fig. 6 (b) gives the ILYX~ clear 
mldar structure of the imidized film than the wgmmsed AFM image in Fig. 5 
(a). Acandhg to the molecular modeling with wide-angle X-ray scattering 
e-ts, the opthind PMDA-ODA polyimide should reveal a planar zigzag 
structure." ' ?he edge-on separation, the separation between the centas of two 
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ULTRA-THIN POLYIMIDE FILMS 249 

adjacent planar units in a direction perpendicular to the stacking dimtion, is 
approximately 6A. Both grains (white region) and grain boundary (black region) can 
be distinguished in Fig. 6 (b). While the grain region tends to show regular zigzag 

structures, the grain boundary region does not show zigzag structures, but straight 
broken line features. This suggests that complete imidization seem to be achieved in 
the grain d o n ,  but irnidization seems to be hmmplebdy achieved in the grain 
boundary region. The distance between the polyimide chains was estimated about 6A 
as shown in Fig. 6 (b), which is in a good agreemnt with the results of X-Ray 
scattering eltpabmts. 

Fig. 6. AFM images of one monolayer of imidized film on mica plates. 
(a) unpwxssed image and (b) high-frequency filtered image. 

coNcLusloN 
Polyamic acid salt films were successfully deposited on various plates at molecular 
level by LB bechnique. It was found that the imidization with a thermal treabmnt 
changed polyamic acid salt films into polyimide films fanning grain boundaries even 
at monolayer level, whm the grain size of polyimide films was sub-micron d e r  
level. It was also found &at grain region shows the crystalline feature such as zigzag 
structure, but grain boundaay region does not. More details on the preparation and 
molecular s t r u m  properties of the imidized dtilayer films will be presenbd 
elsewhere. 

This work was supported by Korea Electric Power Corporation. 
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