<Research Paper>

Journal of the Korean Vacuum Society Vol.19 No.l, January 2010, pp.58~65

Growth of AIN Thin Film on Sapphire Substrates and

ZnO Templates by RF-magnetron Sputtering

Hyunseok Na*

Department of advanced materials science and engineering, Daejin University, Pocheon 487-711

(Received October 22, 2009, Revised December 21, 2009, Accepted December 28, 2009)

AIN thin films were deposited on sapphire substrates and ZnO templates by rf-magnetron

sputtering. Powder-sintered AIN target was adopted for source material. Thickness of AIN

layer was linearly dependent on plasma power from 50 to 110 W, and it decreased slightly

when working pressure increased from 3 to 10 mTorr due to short mean free path of source

material sputtered from AIN target by Ar working gas. When N, gas was mixed with Ar,

the thickness of AIN layer decreased significantly because of low sputter yield of nitrogen.

AIN layer was also deposited on ZnO template. However, it showed weak thermal stability

that the interface between AIN and ZnO was deteriorated by rapid thermal annealing treatment
above 700°C. In addition, ZnO layer was largely attacked by MOCVD ambient gas of

hydrogen and ammonia around 700°C through inferior AIN layer deposited by sputtering.
And AIN layers were fully peeled off above 900°C.
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I. INTRODUCTION

Solid—state lighting industry is growing bigger and
bigger now in general illumination field thanks to
high—end white LED devices based on GaN growth
technology. Main technology interest in LED industry
is fabricating high performance LEDs at low cost and
supplying high brightness LEDs at low price in order
to penetrate into conservative general illumination
industry [1—3]. GaN-related nitride semiconductors
are typically grown on cheap sapphire substrates,
which are thermally and electrically nonconductors,
because GaN substrates are very expensive [4,5].
Therefore, horizontal—type LED structure with two

upward contacts is inevitable, and this leads to heat
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generation due to current crowding in n—type GaN
[6]. Since high brightness LEDs needs high density of
current, fast heat dissipation is one of key issues in
LED industry. Flip—chip process and laser lift—off
(LLO) process have been adopted typically for fabri—
cation of high—end commercial LEDs up to now to
avoid the heat problem of nitride LEDs caused by
sapphire substrates [7,8]. However, these two ap—
proaches need more fabrication steps, and it is one of
main drawbacks to make high—performance LEDs
cheaper.

Recently, alternative way such as chemical lift—off
(CLO) has been studied by several research group
[9,10]. After deposition of wet—etchable template

layer on sapphire substrate, LED structure is grown
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on the template. This LED structure can be detached
from sapphire substrate by wet etching. ZnO would
be one of good candidates for CLO template because
Zn0O can be easily etched by acid and has wurtzite
structure which is stable crystal structure of GaN,
AIN, and InN [11]. In addition, good crystal quality of
7Zn0O can be obtained by sputter deposition. However,
Zn0 layer is not stable in NHs/H, ambient and its
surface degradation occurs easily at high temperature
by reaction with NHz under typical MOCVD growth
conditions [12,13]. In this study, we deposited AIN
protecting layers on ZnO templates and investigated
their structural properties and thermal stability in N»

ambient and NHs/H, ambient at high temperature.

II. EXPERIMENTAL

AIN layers were deposited on c—plane sapphire
substrates and ZnO templates by radio—frequency
magnetron sputtering with various deposition par—
ameters, such as substrate temperature, working
pressure, plasma power, and input ratio of working
gas. Powder—sintered targets of AIN and ZnO were
adopted for source materials. Argon (6N) and ni—
trogen (6N) were used for working gases. Base pres—
sure was below mid—10"° Torr and working pressure
was changed to 3, 5, 10 mTorr. In order to know
dependence of plasma power on layer thickness, it
was varied from 50 to 110 W. Target—to—substrate
distance was fixed to 7 cm, and substrate was rotated
to improve surface uniformity. Deposition time of AIN
thin films were 2 hours, and typical deposition rate
was 320 nm/hour at 90 W and 5 mTorr. Gas input
ratio of Ar to Ny was controlled from 0.3, 0.5, 0.7,
0.9, and 1 at constant total flow rate. All AIN layers
in this research were deposited at room temperature.
Rapid thermal annealing (RTA) treatment was carried
out for all samples to improve crystal quality of AIN.

AIN thin films were also deposited on ZnO tem—
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plates which were grown on sapphire substrates at
room temperature. To see thermal stability of AIN
layer on ZnO, the samples were thermally—treated
with RTA system. RTA treatments were carried out at
various temperatures from 500 to 1,000°C remaining
other conditions fixed at 50 Torr and Ny ambient. In
addition, thermal and chemical stability of the sam—
ples were also investigated in typical MOCVD growth
condition supplying NHs and H. gases because it was
well—known that ZnO is very reactive with NH; and
Hs at high growth temperature and we expected AIN
layer would act as protecting layer for ZnO template.
The substrates were heated up to 500, 700, 900,
1,080°C, annealed for 2 min, and cooled down to room
temperature.

All thin films were characterized by field—emission
scanning electron microscopy (FE—SEM) for struc—
tural properties such as surface morphology and layer
thickness. And x—ray diffraction (XRD) measure—
ments were carried out by Rigaku Model D/MAX-—
2500V/PC to see formation of AIN crystalline phase

and improvement of crystalline quality.

Figure 1. SEM image of AIN thin film with 650 nm
thickness deposited on sapphire at room
temperature. AIN layer was grown in the
condition of Ar working gas and 90 W
plasma power.
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II. RESULTS AND DISCUSSION

Fig. 1 shows typical cross—sectional SEM image of
AIN layer deposited on c—plane sapphire substrate at
room temperature. AIN layer was 650 nm—thick de—
posited in condition of Ar working gas, 90 W plasma
power, and 5 mTorr working pressure. AIN layer has
smooth surface and no void in interface region be—
tween AIN layer and sapphire substrate, and the
substrate was well—covered with AIN film. It means
that this layer could be used as a protecting layer
which guards ZnO against active species. Fig. 2
shows cross—sectional SEM images of AIN layers with
plasma power of 50, 70, 90, 110 W at 5 mTorr.
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Figure 2. Thickness of AIN layers with plasma power
of AIN target from 50 to 110 W and AIN layers
under working pressure from 3 to 10 mTorr.
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Figure 3. Thickness of AIN layers with gas phase ratio
of Ar and N2 (Ar/(Ar+N2)) from 3 : 7 to 10 : 0.
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Thickness of AIN layer increased linearly with plasma
power, 320, 510, 650, 830 nm, because more active Ar
atoms would yield more sputtered—AIN amount. We
also investigated effect of working pressure. Al—
though it was not much changed, lower working
pressure of 3 mTorr led to thicker AIN layer, and
higher working pressure of 10 mTorr led to thinner
AIN layer. Thin means that amount of AIN molecules
which arrive at the substrate is determined by gas
phase collision. Since AIN molecules experience more
collisions under higher working pressure, less AIN
species reach the surface and thinner AIN layer is
deposited. In contrast, thicker AIN is deposited under
lower working pressure because the number of col—
lisions decreases.

There were several reports that some amount of N»
addition to working gas could improve crystal quality
of nitride semiconductors deposited by sputtering and
it also affected residual stress by changing stoichi—
ometry of nitride semiconductors [14,15]. Fig. 3
shows effect of gas phase ratio on AIN thickness. All
layers were deposited at room temperature, and No
gas was mixed with Ar gas. Flow rate of Ar gas was

controlled to maintain total flow rate not changed.
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Figure 4. XRD 20 scan results of AIN layers grown

on c—plane sapphire at room temperature

after RTA treatment at 500, 700, 900°C for
2 min.
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(a) As-grown 500°C  700%C S00°C 1000°C

Figure 5. SEM cross—section images of (a) ZnO templates and (b) AIN layers on ZnO templates before and after
RTA treatment at 500, 700, 900, 1,000°C in N, ambient. Some voids were formed at the interface region

as pointed by several white arrows.

Gas phase ratio in this graph means the fraction of
Ar gas flow rate to total flow rate. As shown in Fig.
3, thickness of AIN layer decreased to 800, 560, 510,
430 nm in case of Ar input fraction of 1.0, 0.7, 0.5,
0.3, respectively. This result was caused by smaller
sputter yield of nitrogen than argon because nitrogen
atom 1is lighter than argon atom.

Fig. 4 shows x—ray diffraction (XRD) /26 scan
results of AIN layers grown directly on c—plane sap—
phire at room temperature after RTA treatment at
500, 700, 900°C. Only two peaks, AIN (0002) around
35.8° and Al,Os3 (0006) around 41.7°, were detected
from as—grown AIN layer deposited at room tempera—
ture, which means AIN layer was well—oriented along
[0001] direction. And AIN (0002) peak became strong—
er at higher RTA temperature which means the cry—
stal quality of (0002) phase was getting improved.
However, extra peaks at 37.5 and 45 o from AIN (101)
phase and Al metal (200) phase, respectively, were
also observed at high temperature. This indicates AIN
layers deposited on sapphire substrates were not
single crystalline even though as—grown AIN film was
oriented along [0001] direction to some degree due to
the crystallographic information of sapphire subst—

rate after thermal treatment.
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(a) 500 °C

Figure 6. SEM cross—section images of (a) as—grown
AIN on ZnO template (b) and AIN on ZnO
template which was treated at 500 and 700°C
in typical growth ambient of MOCVD. The
interface between AIN and ZnO layers were
clearly observed after thermal treatment (as
pointed on the right side by black arrow).

Although the crystalline quality of AIN layer shou—
1d be improved for growth of LED structure, however,
we checked probability of AIN protecting layer for

7n0O template because the template could be covered
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Figure 7. (a) SEM surface image of AIN layer on ZnO
template after 700°C (<1000) thermal treat—
ment in MOCVD chamber and (b), (¢) cross—
section images of B region in (a).

completely with AIN layer. AIN layer was deposited
on ZnO template which was grown on sapphire sub—
strate. ZnO template was grown at room temperature
in Ar ambient, and AIN layer was also deposited at
room temperature in Ar ambient with plasma power
of 90 W. Cross—sectional SEM images of ZnO tem—
plates and AIN layers on ZnO before and after RTA
treatments were shown in Fig. 5(a) and (b). Thickness
of ZnO template and AIN layer were 230 nm and 130
nm. As shown in Fig. 5(b), the interface between two

layers of as—grown film and RTA treated films at 500
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and 700°C was not distinguishable, and it indicates
that AIN layer was well—deposited without void.
However, AIN layers on ZnO templates showed re—
markable changes after RTA treatment at 900 and
1,000°C, while ZnO layers didn't show any other dif—
ference after RTA treatment even at 1,000°C. As
shown in Fig. 5(b), the interfaces were deteriorated
and voids appeared around the interface, resulting
that total thickness was reduced. It is well—known
that AIN layer is stable under NH; and H, at low
temperature. Assuming voids were generated at the
interface between ZnO and AIN, it can be inferred
that thickness of ZnO template decreased signifi—
cantly, which indicates that ZnO layer accompanying
AIN was not thermally—stable while ZnO layer is
thermally stable up to 1,000°C. It is presumed that
low adhesion of AIN to ZnO and difference of thermal
expansion coefficient between AIN and ZnO caused
that result. However, further study is needed to el—
ucidate the reason why ZnO with AIN was not stable
at high temperature.

Fig. 6 shows cross—sectional SEM images of AIN
layers deposited on ZnO templates after thermal
treatment at 500°C (Fig. 6(a)) and 700°C (Fig. 6(b)) in
typical condition of MOCVD for GaN which is NHs/H
ambient. As shown in Fig. 6(a), AIN layer didn't show
any change at interface. However, the interface be—
tween ZnO and AIN was clearly observed and a part
of AIN layer was also slightly detached from ZnO
template as shown in Fig. 6(b). This result was very
similar to the case of 900 and 1,000°C RTA treatment
in Fig. 5(b). The sample which was thermally treated
with NH; and Hs at 700°C in MOCVD chamber showed
different morphology, while 500°C annealing sample
didn't show any difference. As shown in low magni—
fication SEM image (X1000) of Fig. 7(a), round—
shaped area was observed and it was uniformly dis—
tributed on the whole surface. There were three types
of region, bright area (C), dark area (A), dark area
with black spot (B) at the center of dark circle. Re—
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gion C and A showed same morphology, but AIN layer
in region A showed slight detachment from ZnO
template and AIN layer was fully delaminated from
Zn0 template in region B as shown in Fig. 7(b). It is
also notable that thickness of ZnO in region B was a
little reduced to 220 nm which was probably caused
by the reaction of ZnO and NH;. And much thinner
ZnO with 200 nm and AIN delamination was clearly
observed in Fig. 7(c). AIN layers were fully peeled off
at 900 and 1,080°C thermal treatment in MOCVD
chamber. These results mean ZnO surface was not
perfectly protected by AIN layer even though AIN was
well—deposited as confirmed by SEM measurement.
Therefore the reason why AIN layer was not adequate
for protecting layer on ZnO should be elucidated for
clear understanding. In addition, the growth condi—
tion for single crystalline AIN layer should be op—

timized at higher substrate temperature.

IV. CONCLUSIONS

Continuous AIN thin films were deposited on sap—
phire substrates and ZnO templates by rf—magnetron
sputtering. The thickness of AIN layer was linearly
dependent on plasma power from 50 to 110 W, and
lower working pressure led to faster deposition rate.
When N, gas was mixed with Ar gas as working gas,
layer thickness was remarkably reduced due to smal—
ler sputter yield of nitrogen. These AIN layers were
adopted as protecting layers on ZnO templates which
are very reactive in NHs and H; ambient. However,
Zn0O template accompanying AIN layer was not ther—

mally—stable and didn't not act as a protecting layer.
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