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Abstract

The DOE has been supporting professor Chang and his students in the area of plasma and
photon synthesis of diamond-like and ceramic films with varying complexity during the past
three years . We have made substantlal contribution to the field during this period of time. Some
of the important questions have been addressed, and they include: a. How does the energy
(wavelength) of the laser change the composition and energy distribution of the ablated species?
b. How do surface mobility and the intensity of the plasma plume affect crystal nucleation and
growth? c. How can one manipulate the system parameters durmg film growth to achieve special
propertles for 1 umque apphcatlons?

In the area of photon synthesis, we have shown that amorphous diamond films can have
propertles very similar to polycrystalline diamond films and yet they may have wider applications
in such areas as coating and electronics. For example, we have shown that these films can be
used to protect plastics such as polycarbonate surfaces. During the course of our amorphous
diamond films research, we have also identified important parameters which alter the film
properties. Higher photon energy and laser power density contribute to higher percentage of
carbon ion density and energy in the plasma plume. This in turn proves films with higher

‘percentage of diamond like sp® bonds and thus diamond like properties of the films. Lower
photon energies and collision of the plasma plume with background gas will produce films which
are rich i in graphitic propertles '

In the area of oxide film growth, we have found, in general, that better crystalline films
can be grown by laser ablation at much lower substrate temperatures than by chemical vapor
deposition process. This is due to the fact that in laser ablation the depositing species have more -
kinetic energies and the whole process involves rapid solidification. By using optical emission
spectroscopy, we have learned how to adjust the deposition parameters to control film properties
such as grain size and crystal orientations. These control capabilities have allowed us to grow
oxide films with unique properties, such as high optical nonlinearity. In addition, we have been
able to grow films with special crystallme onentatlons to serve as templates for chemlcal vapor

‘ deposntlon processes :




Results

~ - A summary of the significant contributions are given below, while copies of reprints and
preprints are included in the appendix. - »

1 1 Dlamond like films _
Using an ArF excimer laser we have successfully deposned at room temperature
* “hydrogen free” diamond-like carbon films with over 95% sp® or diamond like bonds. These
films have a hardness of 38GPa, an optical energy band gap of 2.6 eV, and an excellent thermal
- stability [1/4].. However if we change the deposition parameters, such as substrate temperature,

laser wavelength, or ambient gas in the processing chamber we are able to change the film phase

“composition, i.e. bond structure ratios of sp’/sp® in the film. These controls are found to be
~ extremely important for applications in the area of hard coating and electron field emission.

In the area of applications we have succeeded in depositing amorphous diamond films on

polycarbonate by using oxygen plasma pretreatment to enhance the surface chemical bonding and
“increase the effective surface area. These thin films provided a hardness of about 5 Gpa, while
the polycarbonate has a hardness of only 0.2GPa. In addition to nano-hardness measurements,
the surface morphology has also been studied by atomic force microscopy. (For further details,
please see appendix 1)

1.2 Ogtrcal emission studles of laser generated carbon plasma
To understand the carbon film properties deposited by laser ablation, we spent time to

understand the nature of the plasma plume that is produced by our ArF laser. Using optical
- emission spectroscopy (OES), we have studied the properties of the carbon plasma plume under
different laser intensities. We found that there is a correlation between the film propetties and
the concentration of carbon atoms and ions in the plasma plume. The use of time resolved
technique to follow the evolution of the different plasma species will be pursuit in the near
future. . Details of our OES studies are given in appendix 2.

1.3 Morphological control and growth of ultra-flat polycrystalline diamond films with -

annhcatlon to tribology
We have succeeded in growmg ultra-ﬂat polycrystalline dlamond films by carefully

: N control the crystal_morphology in time. Optimum conditions have achieved for the growth of
- smooth homoepitaxial diamond films. High quality (100) films are dependent on optimizing the

“layers by layer growth on the (100) surface. Using these same deposition conditions, the
- morphology of heteroep1tax1al polycrystalline diamond films show unique octahedral shaped

. facets with a <100> fiber texture. Nitrogen addition enhanced the rate at which octahedral

©crystals become more normal to the substrate surface. By subjecting the film to high
: temperature/low percentage of methane growth velocity is shifted from <100>- direction to the:
'<111> direction leading .to a flat (100) faceted polycrystalline film surtable for - optrcal and

o Atrlbologlcal apphcatlons (Please see appendlx 3/4 for detalls)

1 4 Propertres of laser ablated SIC films :
Usrng our laser ablation system we have studied in detall the process of deposrtmg SiC

v_ﬁlm' both. in an ultra—hlgh vacuum ambient and in a n1trogen gas “environment. The



" microhardness and film stress have been studied. It was found that the film crystallinity and
phase are very sensitive to the deposition parameters. For example, an addition of nitrogen gas
during laser ablation can easily convert SiC films into mostly SiO, films if the vacuum chamber

~ has a base pressure hrgher than 10 torr due to the presence of water vapor. These are important

~ issues to control the film properties for specific applications. In related experlments we have
discovered that by adjusting the film properties we are able to observe very.high second
harmonic generation with coefficients 35 time that of quartz. This number is 1/3 of the
o theoretical value for single crystal SiC. (F or further details, please see appendix 4/5)

1.5 Emtaxral growth of Vttrra—stabrlrzed zrrcoma on (0001) Al ,O;_using pulsed laser
deposition .

: We are studying the pulsed laser deposrtron of yttrla-stabrlrzed zirconia (YSZ) ﬁlms on

(0001) AL O, as a function of oxygen partral pressure. We observe that at low (0.05 Torr) oxygen
pressure the preferred growth orientation is (111), while at high (0.3 Torr) the growth of (001)
YSZ is favorable. . Thus, a simple two- -step process has been developed to grow (001) epitaxial
YSZ on (0001) Al,O; by manipulating the laser-induced plasma. (Please see appendix 5 for
 details)

1.6 Crvstallme properties of heteroepitaxial ZnS films on (OOO]) sapphire by pulsed laser
‘deposition

We have grown hexagonal ZnS films on (0001) sapphire substrates by laser ablatron
High quality films can be prepared at growth temperatures of 450 - 550 C with rocking curve
' FWHM of (0001) ZnS as narrow as 0.08 degree. High resolution cross-section transmission
‘electron microscopic (HRTEM) analysis of the films deposited at 500C shows cubic ZnS grains
inhabit near interface and therefore the interfacial region is highly defective. However, the
surface region, above a critical thickness of about 5 nm, consists of pure hexagonal structure with
a very high level of crystallinity. Doping of the ZnS with oxygen can be achieved by introducing
molecular oxygen during deposition. X-ray diffraction and compositional analysis show that
films with good crystal structure and uniform doping level can be prepared at 0.0lmTorr of
_oxygen. An increase of oxygen pressure to 0.1 m Torr causes . the films to become

polycrystalline.. (See appendix 6 for details)
Three major areas of research on diamond, diamond-like, and nanophase SiC films have

been carried out during the past year. Polycrystallme diamond films with any orientation and
surface morphology can now be grown in a -controlled manner by carefully adjusting the
deposition conditions such as gas mixtures. By careful preparation of the polycarbonate (plastic)
- surface, we have succeeded in depositing diamond-like films on these surfaces. In addition, we
‘have studred the propertres of SIC films deposrted by laser ablatlon :

B "St'ltus of Rese‘lrchers

Postdoctoral researcher Dr Hock- Chun Ong left Northwestern to teach at Hong Kono Crty
' Umversrty, November 1998 : . ,

| Vrsrtmg Scholar from China, Dr. Jayln Da1 left the umversrty for a posrtron at the Natronal
- Umversrty of Srngapore September 1998.° - IR .
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