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Abstract 

Metalorganic chemical vapor deposition (MOCVD) of ternary Gaxlnl-xSb alloys on GaSh and GaAs substrates has been 
investigated at atmospheric pressure, using TMGa, TMIn and TMSb as source materials. The optimized growth parameters 
obtained by experiment were a growth temperature of 600°C and a vapor III/V ratio of 0.4. It was found that the growth 
temperature was a key growth parameter for surface morphology and crystalline quality of the GaxInl-xSb epilayer. The 
influence of the growth temperature on the Ga solid composition was previously explained. The Ga solid composition was 
proportional to the Ga vapor composition and vapor III/V ratio, respectively. The Ga distribution coefficient was found to 
be 1.06 under the optimized growth parameters and decreased with decreasing growth temperature. The results of the Hall 
measurement for GaxInl-xSb alloys were presented with p-type background of the epilayers. 

1. Introduction 

Sb-containing I I I -V compounds are potentially 
semiconductor materials for the infrared technology. 
These materials can be used to fabricate a number of 
useful narrow bandgap devices, such as lasers [ 1,2] 
and detectors [ 3-5 ]. Ga~Inl_xSb, InAsl _ySby ternary 
alloys and GaxInl_xAsl _ySby, InAsl-x_yPxSby qua- 
ternary alloys are the narrow bandgap semiconductors 
whose direct energy bandgaps correspond to wave- 
lengths over a wide spectral range from 0.87 to 12 
/zm. They are applied in infrared research, IR focal 
plane arrays (FPA), space technology and optical 
fiber communications in the 2 -4 / zm range. 

The energy bandgap of GaxInl_xSb ternary alloys 
varies from 0.175 to 0.67 eV with the solid compo- 
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sition (Ga-content in alloys), x, ranging from 0 to 1, 
corresponding to the wavelength range 7-1.85/zm. 

MOCVD growth of GaxInx_xSb/GaSb [6-11] 
and characterization of p-n photodiodes [7] and 
quantum-well structure [ 11 ] have been studied. Fashe 
et al. [12] and Chow et al. [13] have reported suc- 
cessful molecular beam epitaxy (MBE) growth of 
Gaxhh_xSb/InAs superlattices, which have been pro- 
posed for far-infrared applications [14,15]. Kaneko 
et al. [ 16] have reported, for the first time, metalor- 
ganic molecular beam epitaxy (MOMBE) growth of 
GaInSb alloys on GaSb substrates. 

In this paper, we report the MOCVD growth re- 
suits of unintentionally doped GaxIn~_xSb epilayers. 
In particular, the influence of growth parameters upon 
the Ga solid composition in Gax!nl-xSb alloys has 
been studied in detail. 
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Table 1 
Growth parameters of Gaxlnl-xSb ternary alloys 

Growth temperature (°C) 560-640 
TMGa source temp. (°C) --12 
TMIn source temp. (o C) 15 
TMSb source temp. (°C) 0 
TMGa flow rate (mol/min) (5-10) x 10 -6 
TMIn flow rate (mol/min) (1.3-6.5) x 10 -6 
TMSb flow rate (mol/min) (20-30) x 10 -6 
Vapor III/V ratio 0.2-1.5 
Ga vapor composition 0.4-0.9 
Total H2 flux (l/rain) 2.5-4 

2. Experimental procedure 

Ternary GaxInl_xSb alloys were grown by 
M O C V D  in a horizontal,  RF-heated reactor at at- 
mospheric  pressure. Trimethylgal l ium (TMGa) ,  
t r imethyl indium (TMIn)  and tr imethylantimony 
(TMSb)  were used as Ga, In and Sb sources, re- 
spectively. Al l  of  them are the products of  Dalian 
Guangming Research Institute of  Chemical Industry 
of  China. TMGa,  TMIn and TMSb were held in cool- 
ers at temperatures of  - 1 2 ,  15 and 0°C, respectively. 
Pal ladium-diffused pure hydrogen was used as carrier 
gas in this experiment.  

The substrates used were Te doped n-type GaSb 
wafers with a net donor  concentration of  5 × 1017 
cm -3 and Cr doped semi-insulating GaAs wafers, 
both with an orientation 2 ° off  (100)  towards (110). 
They were treated with conventional chemical meth- 
ods. GaSb substrates were etched by a mixed solution 
of  nitric acid, hydrochlor ic  acid, and ice-acet ic  acid 
(HNO3 : HC1 : CH3COOH= 0.2 : 2 : 10), while GaAs 
substrates were prepared by a standard chemical 
etching solution (H2SO4 : H 2 0  :H202 = 5 : 1  : 1). 

The GaSb substrate was protected by the TMSb gas 
flow from decomposi t ion of  GaSb before growth, and 
for the same reason, the GaxInl_xSb epilayer was also 
protected by TMSb flows at the end of  growth. 

Typical growth parameters used in the experiment 
are given in Table 1. 

G a x l n l - x S b  surface morphology was observed  
by means o f  optical microscopy and scanning elec- 
tron microscopy ( S E M ) .  Sol id composit ions of  the 
GaxInl_xSb epilayers were determined by X-ray 
diffraction and electron microprobe analysis, respec- 
tively. X-ray diffraction was also used to determine 

Fig. 1. Surface morphologies of Gaxlnl-xSb layers on GaSb sub- 
strates for different growth temperatures, III/V = 0.4 and x v = 0.7. 
(a) Tg = 560°C, x = 0.22; (b) Tg = 580°C, x = 0.65; (c) 
Tg = 600°C, x = 0.75; (d) Tg = 620°C, x = 0.78; (e) Marking 
lines, 1 /~m adjacent lines. 

the epilayers '  crystall ine quality. A standard Van der 
Pauw-Hal l  measurement was employed to evaluate 
the electric properties of  GaxIn l -xSb  layers deposited 
on SI-GaAs substrates. 

3. Results and discussion 

The GaxInl_xSb surface morphologies  were ob- 
served by SEM. Surface defects with pyramids  in 
GaxIn l -xSb  epilayers are generated more easily than 

l l  
Fig. 2. Gaxlnl_xSb surface morphology with cross grid of misfit 
dislocations. Tg = 600°C, III/V = 0.5, x" = 0.5, 
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m 
Fig. 3. Surface morphology of Gaxlnl-xSb layer on GaAs sub- 
strate, T~ = 600°C, III/V = 0.4, x v = 0.7. 

in other I I I - V  ternary alloys during growth because 
ant imony has a negligible vapor pressure comparing 
with arsenic and phosphorus at growth temperature. 
However, a nearly mirror-like surface was obtained 
under the optimized growth parameters with a growth 
temperature o f  600°C, I I I / V  = 0.4 and x v = 0.7. 
Fig. 1 shows the surface morphologies of  the epilayers 
at different growth temperatures (560, 580, 600 and 
620°C, respectively) with I I I / V  = 0.4 and x v = 0.7. 
560°C growth always leads to a poor surface mor- 
phology with Sb metallic droplets. At 580°C, surface 
defects with pyramids appear. Increasing the growth 
temperature results in a pyramid's  density decrease. 
Then, when the temperature was beyond 620°C, the 
density starts to increase. At a higher growth tem- 
perature, InSb droplets were formed due to the lower 
melting point of  the InSb component. The typical sur- 
face morphology with a cross grid of  misfit disloca- 
tions, as seen from Fig. 2, illustrates that the lattice 
constant o f  the mismatched grown GaxInl_xSb layer 
is larger than that of  the GaSb substrate. In contrast, 
GaxInl _xSb suface morphologies on GaAs substrates 
have different textures (Fig. 3), which may be caused 
by lattice relaxation due to the large lattice mismatch 
( A a / a  = 8%).  

Surface morphologies of  Gaxlnl-xSb epilayers 
with different Ga solid compositions were observed. 
Smooth mirror-like surfaces were always obtained 
when x greater than 0.8 under proper growth pa- 
rameters, where the lattice mismatches are less than 
1.1 x 10 -2. Decreasing x, the surface morphology 
deteriorates gradually and some pyramids or an ir- 
regular mosaic structure appear since the lattice 
mismatch between the Gaxlnl -xSb epilayer and the 
GaSb substrate increases with x decreasing. 

The X-ray diffraction patterns for four GaxInl-xSb 
samples deposited on GaSb substrates under different 
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Fig. 4. X-ray diffraction patterns for four Gaxlni_xSb/GaSb sam- 
ples under different growth temperatures, III/V = 0.4, x v = 0.7. 

growth temperatures at the same I I I / V  ratio o f  0.4 
and x v of  0.7, are shown in Fig. 4. (Relevant Ga solid 
compositions are 0.22, 0.65, 0.75 and  0.78, respec- 
tively, as shown in Fig. 5.) Fig. 4 illustrates that the 
epilayers' crystalline quality degrades with decreas- 
ing growth temperature due to the lattice mismatch 
increases, corresponding to the result of  the study for 
surface morphology. 

It can be seen from Fig. 5 that the Ga solid com- 
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Fig. 5. Solid composition of Gaxlnt-xSb alloys versus growth 
temperature, III/V = 0.4, x v = 0.7. 
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position x increases rapidly with increasing growth 
temperature from 560 to near 600°C, and then x in- 
creases very slowly as the growth temperature is up to 
620°C. There are two explanations for the variation. 
It is known that the pyrolysis temperature of TMGa is 
higher than that of TMIn, which pyrolyses completely 
at 500°C [ 17]. In the range 560-600°C, the TMGa 
pyrolysis efficiency increases rapidly with increasing 
growth temperature. Then, above 600°C, TMGa is 
nearly completely pyrolysed. Accordingly, the curve 
of the Ga solid compositions becomes horizontal at 
higher temperature, but there is little agreement in the 
literature on the subject of TMGa pyrolysis. Nishizawa 
and Kurabayashi [ 18] report the fraction pyrolysed 
at 500°C to be only 0.17. Yoshida et al. [ 19] report 
complete pyrolysis of TMGa at 460°C. Another ex- 
planation was made by Bougnot and coworkers [6,7] 
and Suet  al. [9] : The GaSb growth rate is thermally 
activated between 530 and 600°C whereas the InSb 
growth rate seems to be constant in the same range. So, 
the GaSb solid mole fraction increased and the InSb 
solid mole fraction decreased with increasing temper- 
ature. 

The Ga vapor composition x v (TMGa mole fraction 
in the reactor, x v = FTMGa/(FTMGa "4- FTMIn)) has an 
important effect on the Ga solid composition x. The 
dependence of x on x v is shown in Fig. 6. The II I /V 
ratio was taken as 0.4 and the growth temperature was 
600 and 580°C, respectively. It is clearly seen that the 
solid composition x is in direct proportion to the va- 
por composition xV: The Ga distribution coefficients 
KGa (Koa = x / x  v) are near unity, 0.91 at 580°C and 
1.06 at 600°C.  It is in good agreement with the re- 
sult reported by Bougnot et al. [6] ((o)  as seen in 
Fig. 6) and is consistent with the results reported by 
Yuan et al. [20] for MOVPE GayInl_yP and Stringfel- 
low [21 ] for GaInAs. The Ga distribution coefficient 
decreased with reduced growth temperature, which is, 
in fact, the same result as that shown in Fig. 4. So, this 
variation is also explained by the discussion above for 
the variation of the Ga solid composition with growth 
temperature. The influence of the vapor I I I /V ratio 
( ( FTMGa -t- FrMIn)/FTMsb) in the reactor upon the Ga 
solid composition was studied at Tg = 600°C and x v = 
0.8. As shown in Fig. 7, the solid composition x is 
also in proportion with the vapor I I I /V ratio. 

It has been found by experiment that the Ga distri- 
bution coefficient of the GaxInl_xSb epilayer on the 
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Fig. 6. Variation of GaxInl_xSb solid composition versus vapor 
composition under different temperatures, III/V = 0.4. ([]) Our 
results, 600°C, k6a = 1.06; (x) Our results, 580°C, kOa = 0.91; 
(o) Bougnot et al. [6], 600°C. 

GaSb substrate is less than that on the GaAs substrate. 
The electrical properties of GaxInl_xSb alloys de- 

posited on SI-GaAs substrates were measured using 
the Van der Pauw technique. The Hall measurement 
results are listed in Table 2. Unintentionally doped 
layers are of p-type and the higher hole mobility is 
as large as 377 cm2/V-s (x = 0.82), corresponding 
to a hole concentration of 5 x 1016 cm -3. The data 
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Fig. 7. Influence of vapor III/V ratio in reactor upon the Ga solid 

composition x of Gaxlni-xSb alloys, Ts = 600°C, x v = 0.7. 
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Table 2 References 
Hall measurement results of Gaxlnl-xSb epilayers 

Sample No. x /z p 
(cm2/V.s) (cm -3) 

1111 0.76 339 1.7 × 1017 
1113A 0.82 377 7.6 × 10 I6 
1113B 0.87 222 1.0 × 1017 

are comparab le  to the best  electr ical  results reported 

to date  for G a x I n l _ x S b  al loys [7 ,10] .  

4. Conclusion 

The  ternary G a x I n t - x S b  al loys were  g rown  on n- 

type  GaSb  and S I - G a A s  substrates using the M O C V D  

technique  at a tmospher ic  pressure.  It  has been found 

that the g rowth  tempera ture  is a key growth  pa- 

rameter  for  the surface m o r p h o l o g y  and crystal l ine 

qual i ty  o f  the G a x l n l _ x S b  epi layer  and the op t imized  

growth  tempera ture  is fixed to 600°C.  The  character- 

istic results  demons t ra te  the Ga  solid compos i t ions  

o f  G a x l n l _ x S b  al loys  were  dependent  on the growth  

tempera ture  and were  in p ropor t ion  to the Ga  vapor  

compos i t ion  and the vapor  I l I / V  ratio, respectively.  

The  Ga  dis t r ibut ion coeff icients  o f  the epi layers  on 

GaSb  substrates decreased as decreas ing the growth 

tempera ture  and present  smal ler  values compar ing  

with  those  on G a A s  substrates.  Unin ten t iona l ly  doped 

G a x I n l - x S b  layers a lways give p - type  conduct ion  and 

the h igher  mob i l i t y  reaches to 377 c m 2 / V . s .  
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