Real-time crystal growth initiative at

CHESS
Randy Headrick

This CHESS initative to gmw thin
semiconductor films and study the pro-
cess in reaktime with x-rays gained mo-
mentum during the past year witha
mumber of new accomplishments. Al-
thomgh the project began anly a little
muore than a year ago, it has become a
major new research imitiative at CHESS,
with significant participation of faculty
members from the Comell Matenals Sa-
ence community. The accomplishments
inchide comstruching an epitaxy system
for thin film growth; the award of an
equipment grant from the Natonal 5a-
ence Foundation to build a second
grow th system for prsifn x-ray studies;
the design and comstruction of this new
system (shll in progress); and fundmg
from the Materials Scence Center fora
graduate student to work full time in this
area.

In August of 19594, we grew our first
films of a semiconducting material —
gallium mitnide. The films were grown
by a technique called Metallorganic Mo-
lecular Beam Epitaxy, using the epataxy
systemn built with the help of Cornell un-
dergraduate Young Park. This system
comsists of a gas delivery system and an
ultra-high vacuum compatible growth
chamber. Since the project had no direct
fundmg initially, we constructed the
chamber largely using borrowed equip-
ment. The gas marifold was bult from
quarter-inch stainkss steel tubing,
welded and leak checked at CHESS. The
vacuum chamber was salvaged from a
prece of x-ray beamline left over from
one of the CHESS undulator runs. For
pumping, we used a fifty liter-persec-

ond turbopump left over from the
expenments of a vishng scientist
from several yearsago. We bor-
rowed a mughing pump from the
Laboratory of Muclear Studies. Fi-
nally, we purchased three antomatic
gas flow valves and cylinders of
ammomia and trnmethylgallium for
our nitrogen and gallium sources.
Once the chamber and gas manifold
were finished, we needed a substrate
to grow our films on and a way to
heat the substrate up to at kast
B0PC. We found a current regu-
lated powersupply that would go
up to about 5 amperes, and btk a
sample holder that would run the cur-
rent directly through a narrow stop of
wafer to heat it up. We used =ilicon as a
substrate material since 1t 1= easy to heat
and is readily available.

We have now completed a number of
gmwth nms, and have learned to grow
GaM films at rates of about 3504 /hr and
to wary the composition from 1:1 perfect
stonchiometry to 1:1.25 mtmgen rich.
Figure 2 shows film growth rates and
composttions as a funchon of tempera-
ture, as determined by Rutherford Back-
scatkening Spectrometry. Also, we have
done some x-ray studies in which we de-
termined that the films are the hexagonal
phase of GaM. Ome surprismg result is
that the basal plane of the GaN film 15
oriented perpendicular to the growth di-
rechon, even on =1{111) substrates, where
ong would expect that, due to the hex-
agonal symmetry of the substrate sur-
face, the bazal plane would li in the
plane of the film. Figure 3 shows an az-
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{Figurs 1) Photo of te UHV sample manpulstor.

conzists of crystallites with six discrete
anmuthal onentations. These early ex-
periments show that our gmowth system
15 capable of growing stochiometric gal-
lium ritride material. The second round
of experiments, which will ocour this
summer will foous on improving the
crystallimty of the films and reduang
ther roughness.

Our expenments on GaN come at a
time of increasing excternent about GalN
asa material for advanced solid state de
vices. The reasom for this exciternent is
that GaM i=a light emittmg semiconduc-
tor, and, along with its cousins alumi-
mum mitride and indum nitnde, have be-
come favorite candidate materials for the
fabrication of solid-state lasers that emit
blue light. Widely considered to be a
critical component for high dersity oph-
cal dizks, the blue laser has long been
sought by optoelectronios researchers.
The current generation of blue lasers are
made from zinc-selemide, which, so far,
can only survive up to a few hours after
turming on. It is not dear whether they
can be made reliable enough to gointo a
real device, such as a CD player, ora
mass storage disk for a computer.
Within the next few years, there 1s con-
siderable hope that, omce certain mater-
ak problems are solved, there will be a
new generation of reliable blue lasers
based on GaM..

Mearmwhile, the film growth project
contnues, and 15 takmg on a new dimen-
sion. Young Park will be working again
at CHESS during the summer of 1995, al-
ter which he will leave to begin graduate



3000 —
2500 | L

2000 |

:.:5".

| S
1500 | *
| .

| N £
1000 | . '

e

CoUnks par 100,000 mankor

SO0 |

0l L
-1 -5 o

L ]
Toe § r Dy )
AR WIRWARW

] {Rgure 3) Azmuthal
| sean o M Gai
[0002] refiscion,

- showang fie polycys
tafine sruchre of 5
| 16504 fick fim
| growT on g0 5T
| subsrats.
i |
. T, L
Bt o= |
i L n |
: ¥ I
e |
I
a0 100

Azimuthal Angle [Degraes)

studies in Chemical Engineening at the
University of Massachusetts at Amherst.
At about the same ime that we started
working on the film growth projec, we
hegan plans to build a growth system
that would be capable of doing the film
grow th wath enhanced capabilities and
ako allow asimultaneous probe of the
structure of the film with x-rays from the
storage ring. In Augusta grant was
awarded by the National Saence Foun-
datiom in the amount of $8%000 to build
this new system. Randy Headnick is the
princpal investigator on the grant, along
with co-Pls Joel Brock from the Depart-
ment of Applied and Engineering Phys-
1 at Cormell, and Ernie Fontes, a CHESS
staff scientist. This was a milestone, not
omly for the film grow th project, but also
for CHESS, since this was the first in-
house CHESS project started by a staff
scentist to receive outside funding.

Since that ime a lot of effort has gone
into designing the new vacuum system,
samiple manipulator (see Fig. 1), sample
heater, and beryllium windows to get x-
rays into and out of the chamber. The
experience that we have gained in the
study of Gal grow th in the epitaxy =ys-
tern has enabled u= to design a system
that will be optimized for both film
grow thand n-sifs measurements.

The new chamber (Fig. £ and cover
photo) will have a sample manipulator
with a differentially pumped rotation
stage and be pumped by a 450 liter-per-
secomd wide-range turbopump. A
Huber 440 rotation stage mounted next
to the chamber wall hold a detector arm
for a Mal counter or position-sensitive
detector. We are just beginning to as-
semble the vacuum system. Initial cali-
bration experiments will begin in the
summer of 1995, with a goal of in st ex-
periments in the Fall. In the meantime,

we comtinue to make use of the onginal
epitaxy chamber.

The latest development in the Feal
Time Growth project is the participation
of Cormell’s Matenials Science Center, in
the form of suppaort for a graduate stu-
dent. Arthur Woll, a student in the Ap-
plied and Engineering Phy=ics depart-
ment has begun worlang on the new
chamber, which will be used initially to
study the growth of gallium nitmde thin
films asa contimuation of our early work.
Arthur also parbiapated 1n a mn at the
CHESS F3 statiom to analyze the struc-
ture of Gal thin films grown in the epit-
axy system. [n addition to film growth
using con ventional a5 PRCUNSOTS, we
are planning to accommaodate experi-
ments using ion beam or maolecular beam

sources. These expeniments will be car-
ried out in collaboration with faculty
members affiliated with the Materiak
Scence Center.

From our early experments, we have
already begun to explore some of the
prperties of the films such as the surface
roughness, the evolution of arystal qual-
ity as the gmwth pmoeeds, and variation
of the growth rate and composition. De-
pendence of these features on the sub-
strate temperature, as well as other pa-
rameters, is already yielding insight into
the growth process. Experiments in our
new system will allow us to follow the
growth as it oocurs, so that a better un-
derstanding of the time evolution of the
film's structure can be obtamed. Momi-
toring the intensity of surface truncation
rods will also yield insight into the layer-
by-layer growth process. These experi-
ments represent an enhirely new use for
Cornell’s synichrotron source, and will
take full advantage of the higher inten-
gty x-ray beams that will be availablke af-
ter the storage ning upgrades are com-
pkted. They also mpresent a conver
gence of interests in the important area
of Materials Sdence within the Cornell
commumnity.
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