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Deposition of Polyimide Filns by Ionizeil Cluster Beam
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ryromellitic dianhydride (PMDA) and oxydianiline (ODA) were co-deposited using dual ICB sources. The bulk and
swface chemical properties of PI filrns were studied by using Fourier ransform infrared spectoscopy GT-IR) and X-ray
photoemission spectoscopy (XPS). Capacitance-voltage (C-V) and curent-voltag€ (I-V) measurements were carried out to
study the interfacial and the electrical properties of PI films. Surface morphologr of PI films deposited under various ICB
conditions were studied using atomic force miooscopy (AFM).

1. INTRODUCTION

Polyimides (PI) have received considerable attention
due to their good thermal stability, low dielectric constant,
and good mechanical properties'). They have been used in
applications ranging from aerospace to microelectronics. PI
films are conventionally prepared by curing of spin-coated
PAA solution or curing of vapor-deposited PAA films.
Unfornrnately, these methods revealed that the prepared PI
films contained relatively high amount of isoimide. Moreo-
ver these techniques are difficult to control the precise film
properties such as crystallinity or puriry. Ionized cluster
beam deposition (ICBD) technique is known2) to be a
unique film formation technique that enables flexible
control of film properties such as molecular orientation,
film crystallinity, chemical purity, and film substrate inter-
face. Thus we employed the ICBD technique to fabricate
highly purified PI films. We investigate the chernical prop-
erties, interfacial properties, the surface morphology, and
the electrical properties of Pi films deposited by ICB.

2. EXPERIMENTAL PROCEDURES

The detailed description of our ICBD system was pre-
sented elsewhere'). Here we briefly describe the deposition
process of Pi films. Two ICB sources were used to deposit
PI films. The PMDA and ODA molecules ejected from the
heated crucibles through the narrow nozzles form clusters
due to the adiabatic expansion process. To have l:l stoi-
chiometric ratio of PMDA and ODA clusters, the crucible
temperature were held at 210'C and l80oc, respectively.
After the clusters were ionized by electron beam irradiation,
they were accelerated by high voltage applied between the
ionizer and the substrate holder. We held the substrate tem-
perature at 60oC to form a PAA film, and cured this film at
250"C for 30 rnin, in a dry nitrogen atmosphere to irnidize
the deposited films. Films of 100 nm thickness were depos-
ited onto Si(100) substrates under various ICBD conditions.

The bulk and surface chemical properties of PI films
were studied by using Fourier transform infrared spectros-
copy (FT-IR) and X-ray photoemission spectroscopy (XPS).
Capacitance-voltage (C-V) and current-voltage (l-V) meas-

urements were carried out to study the interfacial and the
electrical properties of PI films. Surface morphology of PI
films deposited under various ICB conditions were studied
using atomic force microscopy (AFM).

3. RESULTS AND DISCUSSION

The bulk chemical properties of cured ond uncured
films were investigated using FT-IR. Figure I shows the
FT-IR spectra from (a) the uncured fibn deposited with
neutral cluster beam (NCB, Vo: 0 Y, V, = 0 V), (b) the
cured film deposited with NCB (c) the cured film deposited
with ionized cluster beam (ICB, Yo: 800 Y, Vr: 200 V),
where Vo and V" indicate the acceleration voltage and the
ionization voltage of the clusters, respectively. The ioniza-
tion current was held at 15 mA. As shown in Fig. l(a), the
uncured film appears to have a fraction of unreacted mate-
rial as indicated by the anhydride carbonyl peaks (1775 urd
1850 cm'r) and the amide coupling peak (l650cm't). These
peaks indicate that the uncured film is the admixed state of
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Fig. l. FT-IR spectra from (a) the uncured film deposited by
NCB (% = 0 V, V,= 0 D and the cured films deposited by(b). NCB and
(c) ICB ( Vo = 800 V), V" = 200 V). Ionization current is l5 mA.
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Fig. 2. Imidization ratio as a function of (a) ionization voltage
(Vr) and (b) acceleration voltage (V"). The electron current for
ionization was around l5 mA.

increase remarkably, which indicate subsequent reaction
and imidization. The absorption spectra shown in Fig. I (c)
is consistent with the previously reported result for spin-
coated PI filma). Since the aromatic stretch peak at 1500

cm-t is relatively unaffected by the degree of polymeriza-
tion or conversion to imide, it is used as a standard peak for
PI characterization. We have chosen the 1380 cm'r peak as

a measure of degree of imidization because it has been

reported that both the 1720 and 720 cm't peaks overlap
with anhydride absorption bands. The degree of imization is

determined by comparing the 1380 cm-r peak areas normal-
ized to 1500 cm-l peak area. Figure 2 shows the degree of
imidization as a function of (a) ionization voltage (V,) and
(b) acceleration voltage (V"). As shown in Figs. 2(a) and
2(b), the imidization increases at the low voltage region of
acceleration and imidization, and then decreases. Figure 2

reveals that the imidization has a maximum value at V, =
200 V and Vo: 800 V. Surface and interface properties of
PI films play an important role in many applications, and

XPS is preferred as a powerful diagnostic technique in
surface and interface characterization. Thus we used XPS
as a tool in the surface characterization of PI films. The
XPS results were described in detail elsewheres). Here, we
briefly describe XRS result. Figure 3 shows the variation of
(a) 286.2 eV C ls peak area which is assigned to imide
coupling, and (b) 399.3 eV N ls peak area which is as-

signed to isoimide. The ionization voltge and ionization
current were fixed at 200 V and 15 mA, respectively. Fig-
ure 3(a) reveals that the PI fiims deposited at Vo:800 V
have a maximum imidization, which is consistent with FT-
IR analysis. Figure 3(b) shows that PI films deposited at Vo

: 800 V have negligible amount of impurity (-1% iso-
imide) which is significantly lower than that of PI films
prepared by NCB (-7%) or vapor deposition

?20%)6).From Fig. 2 and Fig. 3, we found that the PI films
having high quality bulk and surface chemical properties
can be fabricated at ICBD conditions of V, = 200 Y and Vo
:800 V.

The ICB PI is found to have a very high purity and high
imidization, which can lead to improve the electrical prop-
erties such as C-V or I-V characteristies. Figure 4 shows

typical C-V characteristics for (a) NCB PI and (b) ICB PI.
The C-V characteristics for NCB PI shows a large flat band
voltage shift (/Zp) and hysteresis which imply the existence

of defects and trapped charges in the films, whereas the ICB
PI reveals negligible amount of AYr (-0.1 V) and hysteresis.
The interface trap density (D,,) was calculated by the Ter-
man's method using both measured and theoretical C-V
curves. The minimum values of D1, for the ICB PI and the
NCB PI are found to be 6xl0r0 and 2xlOrr cm-2 eV-r at

midgap energy, respectively. The value for the ICB PI is
quite low presumably due to the sputtering of weakly ad-

sorbed impurity at the initial stage of ICBD. The I-V char-
acteristics of ICB PI at room temperature reveals that the
breakdown sfrength is better than 2.0 MV/cm and the elec-

trical conduction current density of 3.39x 10'8 A/cmz at E =
2.0 MV/cm. These results clearly show that ICB PI films
retain good dielectrical properties in spite of ionic inadia-
tion.
The surface morphology is also important in practical

applications. Figure 5 shows the AFM images of (a) NCB
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Fig.3. Variations of (a) 286.2 eV C ls peak area and (b) 399.4
eV N ls peak area as a function of cluster acceleration voltage.
The ionization voltage and the ionization current were fixed at
200 V and l5 mA, respectively.
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Fig。 4.C‐ V characteristic of PI films deposited by(a)NCB(為 =
OV,4=OV)and(b)ICB(/.=800V,4=200V)

■orlreacted monomers and PAA.On curing the flhns,anhy‐

dride carbonyl and amide coupling peaks are considerably

decreased,while the imide pё aks(1720,1380,and 720 cml)
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PI film and (b) ICB PI film deposited at Vn : 800 Y, V, :
200 V. The rms roughness of ICB PI film is found to be 6.7

A whereas 23 A for NCB PI. It is thought that the ioni-

zation and acceleration of clusters lead to flat surface mor-

phology pfesumably due to the enhanced adatorn migration.

through the Atomic‐scale Surface Science Research Cen‐

ter(ASSRC)。
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Fig.5.AFM images of the PI films deposited by(a)NCB and

(b)ICBD/F=200V,ん =800V

4。 CONCLUSION

The electrical and chemical properties of PI films de-
posited by ICBD are investigated in this study. It is found
that this technique has the capability of growing PI film to
have good chemical and electrical properties. The optimiza-
tion of the deposition condition is found to improve these

properties. The deposition parameters of the ICBD system,

such as ionization valtage and cluster acceleration voltage,

play an imporant role in determining the chemical and elec-

trical properties of PI film. We conclude that the ICBD
technique is very effective for the polymerization and has a

wider range of application to organic materials.
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