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Low-defect surfaces of low-temperature GaSb thin films on GaSb substrates
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Abstract: The influence on the low-defect surface of GaSb thin-film material by the ratio of Sb to Ga (V/III) a-
long with the reducing of the growth temperature was investigated systematically. In order to obtain a good surface
morphology of the GaSb epitaxial layer with low defect, both of the growth temperature and the V/III ratio should
be reduced at the same time. The optimal growth conditions of Low-temperature GaSb thin films are that the
growth temperature is 7, +60°C and the V/III ratio is about 7.1 when Sb cracker temperature is 900C.
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the absolute temperature of targets, which is very useful

Introduction in medical diagnostics and astronomy. Dual band detec-
tors have already been realized in commercially available

Infrared detectors with multiband detection capabili- technologies such as mercury-cadmium-telluride'' detec-

ties are important for highly demanding applications in tors and quantum well infrared photodetectors'®’. Both
target identification, recognition, and tracking in recent sequential mode and simultaneous mode integrated multi-

years. Multicolor detectors can also be used to determine color MCT focal plane arrays ( FPAs) have been real-
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Sb-based dual-band detectors have been fabricated
and characterized'”’ . Antimony ( Sb) based materials
are suitable for the fabrication of optoelectronic devices in
the mid-infrared wavelength range. Such detectors are
useful for several applications, including atmospheric re-
mote sensing. In such applications, the simultaneous de-
tection of optical signals at different wavelengths allows
monitoring several atmospheric species with a single exci-
tation source and receiver'®").

Designing our next experimental study programs, a
dual-band detector tailored to detect wavelengths in the
range of 0.8 to 4 pm will be fabricated and character-
ized. The first band consists of an InAs/GaSb superlat-
tice (or InAsSb) pin architecture for medium (or short)
wavelength detection, and the second band consists of a
GaSb pin architecture for shorter wavelength detection.
However, the GaSb pin architecture needs to be grown at
low temperature,, because that the growth temperature of
InAs/GaSb superlattice (SL) (or InAsSb alloy) material
is generally lower than the growth temperature of GaSh
buffer layer. Meanwhile, the introduction of a low-tem-
perature buffer layer can significantly improve the crystal

quality of InAsSb or InAs/GaSb SL material of the dual-
band detector' "

In addition, many epitaxial structures of the photo-
voltaic device include a GaSb cap layer. This GaSb layer
need to be grown at low temperature in the growth
process, so that the quality of this layer directly or indi-
rectly affects the material quality and the electrical and
optical behavior of the photovoltaic device'?. In this pa-
per, we report on the correlation between the growth tem-
perature of GaSb thin films and the ratio of Sb to Ga for
the purpose of low-defect surface of the GaSb material
grown at low temperature.

ze

1 Experiment

The samples in this study were grown using a Veeco
Gen II molecular-beam epitaxy system equipped with
valved cracker sources for group V (Sb, and As,) fluxes
and Ga/In SUMO® cells, on n-type epiready GaSh
(001) substrates. Pairs of samples were grown under the
same nominal conditions. First, a 0.2 ~0.4 pm nomi-
nally undoped GaSb buffer layer was deposited with the
growth temperature at T, + 110°C. Then, an overall to-
tal layer thickness was maintained at 550 nm for the un-
doped GaSb thin-film layers. The thin-film materials
were grown at T, + 60°C and T, + 40°C.

T, is defined as the crossover temperature at which a
GaSb surface reconstruction (2 x5<«>1 x3) at a given
antimony stabilization flux, according to a calibrated py-
rometer. It was noted that all this work was carried out u-
sing cracked Sb sources. The cracker tip temperature
and base temperature for Sb cells were 900°C  and
580°C, respectively. The V/III flux ratios were meas-
ured using a beam equivalent pressure ( BEP) gauge.
The group I fluxes used in this study produced a growth
rate of approximately 0.5 ML/s for the GaSb. In order to
investigate the influence of the Ga and Sb beam flux
pressure on the GaSb island size and density, the growth
temperatures were fixed.

2 Results and discussions

The surface morphological features of the samples
were studied by atomic force microscope ( AFM). There
is a strong correlation between the surface roughness and
the properties of the material, according to the previous
literatures'”) . When the growth temperature of GaSh
thin films was T, + 60°C, we have achieved the root

mean square surface ( RMS) surface roughness of the
first series of GaSb epilayer samples over an area of 20
pm X20 wm (using the scanning probe microscopy data
analysis software Gwyddion). The results to be discussed
in this work were summarized in Table 1. When the V/
III ratio was 7. 169, the RMS roughness was 1.907 A,
which was the minimum value of the data obtained in the
actual experiments.

Table 1 The RMS roughness of the first series of GaSb thin-
film samples over an area of 20 pm x20 pm
F1 F—#t GaSb HRHERFAMEERE A 20 pm x20 pm FHEI

RETEREE
V/III RMS (20 pm x20 pm)
8.29 3.004 A
7.97 2.355 A
T, +60°C 7.509 2.392 A
7.169 1.907 A
6.496 2.086 A
5.99 2.821 A

AFM images show many visible bright spots and
islands on the surfaces indicating the poor surface mor-
phology of the first series of GaSb thin films as shown in
Figs. 1(a) and (b). AFM measurements made on the
GaSb thin films showed an extremely defect structure with
the present of the clear pyramid protrusion, ups and
downs. Figures 1 (c¢) and (d) show representative low-
defect AFM images of as-grown GaSb thin-films surface.
By observing the surface morphology of the samples
shown in Figs. 1(c¢) and (d), clear and smooth atomic
steps are visible over the 5 pum X5 pm scan area, indi-
cating excellent surface atomically smoothness and the
low-defect surfaces of the GaSb thin films, when the V/
[T ratio was approximately equal to 7. 169.

Comparing the surface quality of these GaSb thin-
film samples using the microscope, when the growth
temperature is T, + 60°C and the Sb cracker tempera-
ture is 900°C , there are visible changes presented on
the surfaces under the 20 times magnification micro-
scope, as shown in Fig. 2. From Fig. 2 (a) to Fig. 2
(b), it was found that the islands defects on the surface
clearly become less; but from Fig. 2 (b) to Fig.2 (c),
the defects with the visible island structure on the sur-
face become more.

When the growth temperature of the second series of
GaSb thin-film samples was T, +40°C, we achieved the
RMS surface roughness of the GaSh epilayer samples over
an area of 20 pm X 20 wm as summarized in Table 2.
When the ratio of Sb to Ga is 6. 504 , the minimum value
of RMS roughness obtained in the actual experiments is

1.907 A.
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Fig.1 (a) (b) AFM images of the first series of GaSb thin-
film samples surface over 20 pm x20 um. (c¢) (d) AFM im-
ages of the first series of GaSb thin-film sample (V/II=7.
169) surface over 20 pm x20 pm and 5 pm X5 pm

1 (a) (b)2E—4t GaSb AL S 20 wm x 20 pwm 93
THIES AFM [, () (d) 4350 2h GaSb AL M 7E V/IIL 1
H37.169 B 20 pm x 20 pm A1 5 pm x5 wm fY 3 0mHIE 5
AFM &

Fig.2 Microscope images of the samples (T, +60 C)
B2 AERGRIER T, +60 Tl i i) e A

Table 2 The RMS roughness of the GaSb thin-film samples
over an area of 20 pm x20 pm
F2 GaSb HRFESAEEEA 20 pm x20 pm FFEIREE

e

V/II RMS (20 pm x20 pm)

7.584 3.781 A

7.016 3.554 A
T,+40C 6.504 2.076 A

6.008 2.624 A

5.814 2.652 A

5.1 3.726 A

As can be seen from Figs.3(a) and (b), there are
many bright spots on the surfaces of the as-grown sam-
ples, namely pyramid structure, indicating that the qual-
ity of the surface morphology of the samples is relatively
poor. Some of the GaSb thin films prepared in this way
show a lot of defects.

When the V/III ratio was approximately equal to
6. 504, relatively clear atomic steps are visible over the 5
pm X5 um scan area, but the surface quality is still poor

and not smooth over the 20 pm X 20 pm scan area, as
shown in Figs. 3(c) and (d). Compared with the sur-
face morphology of GaSb thin-film samples under other
V/III ratio conditions, there is a relatively low-defect
and good quality of surface morphology.

Fig.3 (a) (b) AFM images of the second series of GaSb
thin-film samples surface over 20 pm x20 pum. (c¢) (d) AFM
images of the second series of GaSb thin-film sample ( V/IIl~
6.504) surface over 20 pum x20 um and 5 pm x5 pm

K3 (a) (b)ZE it GaSb #ifER: S 20 wm x 20 wm )R
S AFM [, (¢) (d) 73507 GaSb AL & £ V/IIT 1L
A 6.504 B 20 pm x20 um A5 pm x 5 wm {5
AFM

It is shown in Fig. 4 that there is a visible changing
regularity of the bright spots defects as presented on the
surfaces under the 5 times magnification microscope,
similarly to the phenomenon as shown in Fig. 2, when
the growth temperature of GaSb thin-film samples is T, +
40 °C and the Sb cracker temperature is 900 C.

Fig.4 Microscope images of the samples (T, +40 C)
B4 ARKIEERT. +40 THAS D B HEER

When the growth temperature is 7, + 60 C and the
V/III ratio is about 7. 169, the optimal RMS roughness
of the GaSb epilayer sample is around 1. 907 A. How-
ever, when the growth temperature is T, +40 C and the
V/III ratio is about 6. 504, the optimal RMS roughness
of the GaSb epilayer sample is around 2. 076 A, obtained
from the analysis of the surface morphology of the sam-
ples in this paper. Compared with Fig. 3, it was clearly
observed that the low-defect surface morphology of the
sample had a better quality, and the atomic steps are rel-
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atively clear and smooth over the 5 wm x5 pm scan are-
a, as shown in Fig. 1.

According to the GaSb thin-film samples data ob-
tained from the different experiments, the fitting curves
of the relationship between the RMS roughness and the
ratio of Sb to Ga show that when an optimal RMS rough-
ness value obtained from the fitting curve is around 1.
987 A, the V/III ratio is approximately equal to 7. 07,
and meanwhile, when an optimal RMS roughness value is
around 2.49 A, the V/III ratio is approximately equal to
6.27, when the growth temperature of GaSb epilayer are
T, +60°C (Fig.5(a)) and T, +40°C (Fig.5(b)), re-

spectively.

3.0 : 40
/é\ 2.8 g 3.6 @
£ 2.6 T 32
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= 24 -l 28
% 52 %’ 2'4 .
?-g 77 Tete0q = T+40C
48065 70 75 80 85 2950556065707580
Sb/Ga Sb/Ga
(2) (b

Fig.5 RMS vs. Sb/Ga. (a) T. +60C, (b) T, +40C

FIS  RIEHBERE 5 Sb/Ga LR IIMA ML : (a) A K
RN T, +60°C, (b) A KRN T, +40C

According to the relevant literature, with decreasing
growth temperature with other parameters remain un-
changed, GaSb epitaxial layer surface fully tends to grow
island. The island structure density is also increasing,
and there are a lot of background defects in the GaSb ep-
itaxial layer"*'®). Analyzing the fitting curve of RMS vs.
Sb/Ga, as shown in Fig. 5, we suspect that the ratio of
Sb to Ga should be also reduced with the decreasing
growth temperature, so as to get the best quality of the
low-defect surface morphology of GaSb thin films grown
at low temperature.

3 Conclusion

In this letter, the influences of the growth tempera-
ture of GaSb thin film and the ratio of Sb to Ga on the
surface morphology are studied. When the growth tem-
perature is reduced, the ratio of Sb to Ga should be also
reduced, so as to obtain the GaSb thin films with low de-
fect surface grown at low temperature. Furthermore, T,
+60°C is the optimal growth temperature for the growth
of low-temperature GaSb thin films, when the cracker tip
temperature and base temperature for Sh cells are 900°C
and 580°C, respectively. The experimental results ob-
tained in this paper are useful for studying the growth of
dual-band detector and the fabrication of low-temperature

GaSb based photodetector.
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