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Effects of substrate temperature on vacuum deposited
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Abstract

Highly crystalline thin films of photorefractive Disperse Red 1 (DR1) molecule have been fabricated on clean substrate of 1TO
(indium tin oxide) glass by means of physical vapor deposition at various substrates temperatures. In addition to molecular
orientation and organization revealed by their XRD and FTIR spectral characteristics and the enhancement of those etfects by
substrate temperature, further analysis of the FTIR spectrum around the nitrobenzene absorption band indicates the formation of
strong hydrogen bond resulting in a head-tail stacking of the molecules. The deposited films also show systematic reduction of light
absorption in the visible region with increasing subsirate temperature. This modification of the optical property is clearly favorable
for long wavelength photonic applications of DRI film.
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Sari

Pengaruh suhu substrat pada filin tipis ‘disperse red 1° yang
dideposisi pada gelas ITO dalam vakum
Dalam eksperimen ini telah berhasil diperoleh melalui proses deposisi vakum sejumlah film tipis bahan [otorefraktif’ dari molekul
“Disperse Red 17 (DR1) dengan kristalinitas tinggi di atas substrat gelas ITO (“indium tin oxide™) pada berbagai suhu. Selain efek
orientasi dan organisasi molekul yang ditunjukkan oleh karakteristik spektra XRD dan FTIR bersangkutan serta peningkatan cfek
tersebut dengan suhu substrat, analisis lebih Tanjut dari data FTTR di sckitar pita absorpsi nitrobenzena telah mengungkapkan tanda
pembentukan ikatan hidrogen yang kuat yang menghasilkan susunan “head-tail” yang bertumpuk. Film yang terdeposisi juga
memperlihatkan pengurangan absorpsi cabaya secara sistematik di daerah tampak, seiring dengan peningkatan suhu substrat.
Perubahan sitat optik ini jelas bermanfaat bagi aplikasi film DR1 untuk devais fotonik dalam daerah gelombang panjang.

Kata kunci : deposisi vakum,; “disperse red 17; filn tipis; sifar optik suhu substrat.

1 Introduction producing film with high purity and homogeneity, this
method has also proved to be cffective in promoting
molecular oricntation in the film [8-11]. This effect is
expected to induce changes in the film's optical property,
and with further arrangement of the oriented molecules,
will most likely Jead to considerable enhancement of its
photorefractive and nonlinear optical properties.

Optical nonlinicar (ONL) organic molecules consisiting
of conjugated chain and clectron donor as well as
electron acceptor groups such as DANS, MONS, DO3
and DRI, have been studied for their photorefractive and
second order optical nonlinear propertics which are
useful for a variety of applications such as electrooptic

modulation, optical switching, frequency doubling, and In our previous report on the result of physical vacuum
optical data storage [1-7]. For those photonic device deposition .Of DRI film on slide glasses [10. 11], the
applications. the ONL organic materials arc gencrally ~— molecules in the film were shown to be organized and
required 10 be prepared in the form of good quality thin oriented perpendicular to the film surfaces. In  this
film, characterized by its good optical transparancy. experiment, lhc PVD method was cmployed for the
thickness homogeneity and surface smoothness in  Preparation of Disperse Red | (DRI) thin film on ITO
addition to its appropriatc nonlinear optical propertics. glass subsirale at substrate temperatures in (he same

range of variation. The different substrate temperatures
will be shown to induce changes in the optical absorption
characteristic of the resulted films. This result will be
compared with our previous result on DRI thin (ilm
vacuum deposited on slide glass substrate [11].

The physical vacuum deposition (PVD) method has been
demonstrated recently as a viable alternative for organic
thin film fabrication, specifically for low molecular
weight chromophores molecules such as p-NA [§],
DMANS [9] and Disperse Red 1 [10, 11]. In addition to
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2 Experimental

2.1 Material

Powder of Disperse Red 1 (4-{M-cthyEN-(2-
hydroxyethyD Jamino-4"-nitroazobenzenc ) was obtained
commercially from Sigma. This wolecule has a formila
weight of 314.3, and the measured values of mcliing
point and the onset (emperalure  of  thermal
decomposition are 153°C and 219°C. respectively (111
The structure of the molecule is shown in Figure (1).
This powder was used for vacuum deposition without
further treatment. As scen {roms the tigure, this molceule
consists of {N-cthyl-N-2-ethylhydroxy] amino as the
electron donor group. and NO, as the electron acceptor
groups, with the conjugated-chain azobenzenc scrving as
the m—electron bridge between the two groups.
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Figure 1 Moleculai structure of DR1 [12)

2.2 Sampie preparation

Disperse Red 1 thin filin was preparcd i
Vacuum Evaperator from Ulvac Sink: Kiko, which was
operated at about 3 x 107 Torr. The Disperse Red 1
(DR1) thin films were deposited on clean microscope
slides glass, and ITO glass. For the deposition processcs
these substrates were placed at about 10 cni above- the
crucible. Following our previous experimental result on
the optimal cvaporation temperature for the deposition
process [11], the crucible temperature was set at 173°Clin
this  experiment, whilc the scting ol substrate
temperature was more or icss equally spaced at 26°C,
55°C and 75°C. Above 75°C. the depusition rate dropped
drastically duc (o re-cvaporation effect. No o further
annealing trcatment was conducted on the as-grown
films.

2.3 Characterization

The crystallinity and crystal structare were cxamined on
the basis of XRD patterns  obizined by  Philips
Diffractometer which was operated with the CuKao, (A =
1.5406  Angstrom) X-Ray sourcc. The optical
measurcment of the pristine poiyervstalline powder and
vacuum deposited DR1 thin film were characterized by a
Beckman DU-7000 Single Beamt Spectrophotomeier.
The thickness of the tilm was determined by Dektak 1A
depth profiler.

3 Resuits and discussions

The measured thickness of the ovaporated il varies
from 0.3 1o 0.7 wm tor differeat films. The deposited
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films generaily exhibit smooth surface and homogencous
thickiicss.

The resuit of FTIR measurement presented in Fig. (2)
consists of spectrum of the (i) pristine DR1 powder, (b)
DR1 powder obtaincd by pulverizing the film deposited
al substrate lcmperature of 26°C, and that of (¢) the
deposited film. It is obscrved that there is no meaningful
difference between spectrum (a) and (b). implying no
significant  structural change due 0 the deposition
process.  Meanwhile,  the presence  of molecular
oricntation cffect is clearly indicated by comparison of
(a) with (¢) as discussed m detail in our carlier work
[T1].

| Y

,w.v h
(c) "Y‘J}fi!lﬂ /“y ‘},\A&‘
[

Transmittance (a.u)
\

4238~ =T

HGE S

| 16000 —eexw

Wavenumbers {om™! )

Figire & FTIR spectra for samples of (a) piistine powder, (b)
powde: pulverized from deposited fitm. and (c) film as deposited
on Si substrale.

Figure (3) shows the results of XRD measurcment for
thin filin as depesited on [TO  glass at  substrate
temperatures of 26°C (a), S5°C ib), and 75°C (),
respectively. This figore was normalized to the film's
thickness, The XRD pattern of ITO glass (without DR
film) is also presented along in this figure for comparison
and proper interpretation of the spectra. The diffraction
peak al 28 = 9° corresponds o interlayer distance (d) of
9.8 A which is not tar from the length of azobenzenc in
the trans-isomer of DR1 (~ 9 Aj [13] suggesting that
DR1 molecules arc oricnted perpendicular to  the
substralc’s  surface in a licad-tail configuration  as
suggested in our previous work [11]. The peak at 26 =
30° originated from the 1TO glass remains more or less
constant with respect 1o the glass temperature. While the
peak intensity associated with DR1 thin film does not



PROC.ITB, VOL. 33, NO. 1, 2001

seem to undergo any visible change, but the specteal
width does display visible reduction with increasing
substrate (emperature as observed in Fig. 3(b), (¢) and
(d). This systematic change of the XRD spectrum
indicates an improved crystallinity (crystalling molecular
organization) in the film with increasing substralc
lemperature.
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Figure 3 XRD patierns of (a). ITO glass without DR1 film, (&).
Disperse Red 1 thin film deposited on ITO glass at 28°C, (c)
55°C, (d). 75°C.

In connection with the suggested head-tail stacking oi
those molecules it is uscful to take a closer look at Fig.
(2), specifically around the nitrobenzene band ai 1340
em™ | which has been scaled up in Fig. (4) for a close-up
view. Even a cursory view on those spectral bands will
lead to a confirmation of the formalion of the head-tail
configuration via the strong hydrogen bonding of the
type O-H " O between the nitro group of the acceptor and
the hydroxyl group in the donor as depicted in Fig. (%)
and explained in the following. We note first of «ll &
visible reduction of the 1340 cm™ absorption band going
from (a) o (b), with the appearance of a small kink to iis
right (located approximately at 1330 cm™. 1t is to be
expected on general ground that the formation of
hydrogen bonding will suppress the above mentioned
absorption band. However, the suppression is less than
complete since a good part of these bonds were alveady
disrupted by the process of pulverization. The presence
of the remaining bonds responsible for the reduction of
the 1340 em™ band is also confirmed by the appearance
of the small kink to its right as alluded above. This
interpretation  is  further cvidenced by the wncar
disappearence of the 1340 cm™ band along with the
strong enhancement of the 1329 cm™ band shown i
Fig.4 (¢) which is associated with the effect of hydrogen
bonding induced by the deposition process. It is well
known that the formation of hydrogen bonding | 14] will
generally lead 10 a down shift of the absorption band
along with its broadening, in conformity with the
observation described above. It is further noted that the
cnhanced intensity of the 1329 cm™ band is still short of
that of the original 1340 cm™ band since the aligned
molecules arc cxpected (o suppress the coniribution
coming from the vibration mode along the long
molecular axis.
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Figure  (6)  shows the results of the UV-VIS
mecasurements on the soluiion of pristine Disperse Red 1
powder (A)Y and solution of Disperse Red 1 powder
pulverized  from Gilm  deposited at 26°C (B). both
dissolved in NMP solvent. This figure shows a broad and
practically idenucal absorption band in the visible region
with a wavelength of maximum absorption located at
S08 nm (A,,,=508 nm). This broad abserption band in
VIS-region (308 nmy as commonly  atributed (o
intramolecular charge ransfer (CT) transition of w-

clectron from  donor  (N-cthyl-2N-cthylhydroxyl) (o
acceptor  group  (NO:»y  via  the conjugated-chain

azobenzene [15]. The identical appearance of the (wo
absorption bands in this region implics that thermal
deposition process did not cause any change in the
conjugated structure of DR molecule. The slight shitt of
the peak together with the considerable suppression of
the UV band of the pulverized film may also be related
to the presence of the remaining  head-tail hydrogen
bonds in the sample. However, the detailed cxplanation
ol the changes requires turther experimental study.
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Figure 6 UV-VIS spectra fo. * (A) solution of Disperse Red i
pristine powder in NMP (B) sciution of Disperse Red 1 powder
pulverized from fiim deposited at 26°C.

The cffect of substrate lempecature on the UV-VIS
absorption spectra of thin fihs deposited o ITO glass at
267°C35°C and 75°C s acseribed in Fig 7. Tuis clear that
new  leatures  appear i these speetra. But a most
remarkable ceffect in thes specira is the pronounced
reduction of the long-wavelength {visible) absorption®
hand. This etfect 15 considerably  larger than  that
observed in the filn vacwmm deposited on shide glass
[TH Teas certainly o welcome change favorable for the
development  of  tong  wavelength — applications  of
photonie device. Another mteresting change induced by
the depositon process at higher substrate temperature is
the appearance und enhancement of a new band at the
local n-% transiion of trans  azobenzene |16]. a
molceutar configuration favored at higher temperatuic.
Fig.7 also displays an intriguing ceftect manifested in the
cnhancement of the UV absorption band, its split
structure and a relative intensity shift in favor of its
lower wavelength component. We note that qualbitatively
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Figure 7 UV-VIS spectra of Disperse Red 1 thin films as

deposited on ITO glass substrate at (B) 26°C (B") 55°C (B™)
75°C, indicating modification of optical properties induced by
elevated substrate temperalure.

similar characteristic changes due to higher substrate
temperature were also observed in film deposited on
shide glass as shown in Fig.8 [11] for comparison. It must
be stressed however, that the changes obscrved in the
lwo cascs differ in detail as well as quantitatively. A
consistent explanation for the two cases is unfortunately
not available from this experimental result.
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Figure 8, UV-VIS spectra of Disperse Red 1 thin film as
deposited on glass substrate at (B') 26°C (B") 55°C (B™) 75°C

4  Conclusions

It has been demonstrated i this experiment  that
homogencous  thin film of DRI could be vacuum
deposited on [TO substrate. 1t was shown that the film
cxhibits  similar  spectroscopic  features  indicating
molecular orientation and organization cffects as shown
by the films deposited previously on a slide glass
substrale. We turther substantiated the proposed head-tail
molecular slacking organization by indicating the role of
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hydrogen bonding from the FTIR data. Among the most
remarkable effect obscrved in this experiment in the long
wavelength absorption reduction at elevated susbirate
temperature, which promised further development of
DR1 film for photonic device applications.
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