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The use, transportation, and storage of the hazardous gas, arsine, raise serious safety issues. 
Consequently, there is considerable interest in the generation of arsine on demand from 
less hazardous substances. We report the first use of in situ generated arsine for III -V 
epitaxy. The gas has been generated electrochemically at an arsenic cathode in an aqueous 
electrolyte and used to supply a hydride vapor phase epitaxy reactor. InGaAs/lnP test 
structures were grown on InP substrates and were similar to comparison structures grown 
using tank arsine. Recessed-gate enhanced Schottky metal-semiconductor field-effect 
transistors were fabricated and exhibited well-behaved current-voltage characteristics. 

Arsine (AsH3) is commonly used as a source of ar­
senic in rII-V epitaxy for photonic and electronic device 
applications. Owing to its extreme toxicity and high vapGr 
pressure at ambient temperatures,I,2 the use, tra!lSporta­
tion, and storage of this gas in significant quantities raise 
serious safety issues. 3 

-8 Increasing public concern and the 
possibility of more stringent environmental rcgulations9

--
i 
i 

also raise questions concerning the handling and even the 
availability of this gas in the future. For these reasons there 
has been considerable interest in alternative sources, 2,12 14 

in atmospheric pressure storage systems15 and in the gen­
eration of arsine on demand from less hazardous sub­
stances. 16.17 

from the power supply (B). The generator system is con­
troned by the microprocessor-based electronic module 
(C). The arsine is passed through a drying column (D) 
and into the reactor through mass flow controller MFCl 
when the Nupro air-operated valves VI and V3 are open. 
The system can also be purged through the charcoal scrub­
ber by closing V3 and opening V4. Comparison runs using 
arsine from a commercial cylinder (2% in hydrogen) were 
made by closing Vl and opening n. 

It has been shown recentlyl6 that arsine can be gener­
ated electrochemically with high current efficiency at an 
arsenic cathode in an aqueous electrolyte and this is the 
basis for a compact arsine generator system. 17 Using this 
generator, we have demonstrated for the first time the use 
of an in situ arsine source for rII-V epitaxy. We report the 
growth of InGaAs/lnP structures in this manner using a 
hydride vapor phase epitaxy (VPE) reactor and the fabri­
cation of field-effect transistors (FETs), 

The present study utilized a multichamber hydride 
VPE reactor which has been previously described. IS Sub­
strates consisted of (100) indium phosphide intentionally 
misoriented 3° towards the nearest [110] and were either n 
type (sulfur or tin doped) or semi-insulating (iron doped) 
as required. Prior to growth, each substrate was sequen­
tially etched in H2S04:Hz02:H20 and 1% bromine in 
methanol. A phosphine partial pressure of approximately 
5 X 10 - 5 atm was used to minimize thermal decomposition 
of the indium phosphide prior to growth l9 

The experimental configuration is depicted schemati­
cally in Fig. 1. Arsine is electrolytically generated at an 
arsenic electrode in the electrochemical reactor (A). The 
process essentially consists of the cathodic reduction of 
elemental arsenic in. an aqueous potassium hydroxide so­
lution according to the overall reaction16 

The rate of generation is determined by the current applied 

InP IInGaAs/lnP structures were grown using both 
cylinder arsine and in situ generated arsine. The nominal 
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FIG. 1. Schematic of reactor configuration. 
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FIG. 2. Nomarski micrographs showing surface morphology of InGaAsl 
InP structure grown using the arsine generator (top) and tank arsine 
(boUom). 

concentrations of reactants were similar in both cases: typ­
ically the IIl/V ratio was 5.5 and an IniGa ratio of ap­
proximately 12.5 was required in each case to obtain the 
lattice-matched composition Ino.s3Gao .. nAs. These values 
are typical for hydride VPE and no special changes were 
necessary to accommodate the arsine generator. After ini­
tial calibration runs to optimize composition, mn-to-run 
variations in lattice mismatch were small «0.05%). The 
growth rate was typically 8.5 }Lm h - 1. The morphology 
obtained is shown in Fig. 2. Clearly the material grown 
using in situ generated arsine is comparable to that ob­
tained from tank arsine. Typical background carrier con­
centration in both cases was 1016 cm - 3 (n type) and is 
believed to be dominated by an as yet unidentified impurity 
from a source other than the arsine. It is planned to use the 
generator shortly on a higher purity system in order to 
better assess the inherent purity of the arsine. Intentional 
doping of the InGaAs layers was achieved using a H2S 
source. Carrier concentrations in the 1016_1018 em - 3 

range could be routinely obtained. 
Recessed-gate enhanced Schottky metal­

semiconductor field-effect transistors (MESFETs) were 
fabricated using a four-layer growth sequence. First a 3000 
A undoped InP buffer layer was grown on a semi-

1685 Appl. Phys. Lett., Vol. 57, No. 16. 15 October 1990 

TABLE!. Material characteristics of InGaAs MESFET channel layers. 

Arsine Tank 
generator arsine 

Layer thickness (A) SOO 1200 
Carrier concentration (10 17 em 3) 2.0 1.7 
Hall effect measurements: 298 K 

Resistance (DIU) 658 459 
Carrier density (10 12 em - 2) 1.9 3.0 
Mobility (cnl IV s) 4880 4120 

Hall effect measurements: 77 K 
Resistance (i1/U) 372 338 
Carrier density (1012 em - 2) 2.2 3.5 

Mobility (cm2/Vs) 7360 5250 

insulating iron-doped InP substrate. An IHype (2X 1017 

cm - 3) InGaAs channel, nominally 1000 A thick, was 
grown next foHowed by a 300 A undoped InP barrier en­
hancement layer and a 1000 A 'Hype (2X1017 cm- 3

) 

InGaAs contact cap. Devices were mesa isolated by etch­
ing nonselectively through the conducting layers. The end 
point was determined by measuring the total sheet resis­
tance. Source and drain contacts were formed using 
AuGe/NiiAu evaporation, lift-off, and rapid thermal an­
nealing. The gate region was defined lithographically, and 
the InGaAs cap layer was removed by a selective wet 
chemical etch. The InP barrier layer was then treated with 
a ruthenium-containing solution to enhance the barrier 
height. 20 The gate metal consisting of 2000 A of gold was 
then evaporated and the pattern lifted off. Schottky con­
tacts on undoped InP formed in this way have given bar­
rier heights of 0.75-0.80 cV. 

Han measurements were made on separate pieces of 
the same wafer by first selectively removing the cap and 
barrier layers and forming ohmic contacts on the InGaAs 
channel. Actual layer thicknesses were measured by selec­
tive etching and surface profilimetry. The results for room 
temperature and 77 K are shown in Table 1. It is seen that 
the characteristics of the layer grown with in situ arsine are 
generally similar to those of the layer grown with tank 
arsine. 

The direct current (dc) characteristics (drain current, 
I (), versus drain voltage with gate bias as a parameter) for 
a 1.5 tim gate length and 100 tIm width device are shown 
in Fig. 3. The numerical characterization is summarized in 
Table II. The devices show good saturation characteristics 
with low output conductance, clean pinch-off, and trans­
conductance equivalent to heterojunction field-effect tran­
sistors (JF'ETS) of similar geometryY Despite the rela­
tively high channel daping, early gate-to-drain breakdown 
was not observed. Source resistance was somewhat high 
despite the quasi-self-aligned structure. This is primarily 
due to the undoped barrier layer and could be improved by 
raising the doping in the InGaAs cap or by doping the InP 
barrier itself or by a source/drain nf implant. There was 
no significant material-related difference between the de­
vices grown using the arsine generator and those grown 
using tank arsine. 

The arsine generator17 used in this work is designed to 
interface with both atmospheric-pressure and low-pressure 

Buckley et al. 1685 

 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to IP:

155.247.166.234 On: Sat, 22 Nov 2014 13:19:55



40L 
.. ~ .. ---~ 

« 

t 
VGS =O.8V E 

0 0.4 V H 

I- OV Z 
W 
a:: 20f-- -0.4V a:: 
:::l 
() 

-0.8 V 
z 
<i: -1.2 V a:: 
Cl 

-1.6 V 
-2.0V 

0 -----L.... __ .. .:. ____ .1 
0 2 3 4 5 

DRAIN VOLTAGE, VDS (VOLTS) 

FIG. 3. Current-voltage characteristics of InGaAs MESFET groWl! using 
the arsine generator. 

reactors. It is suitable not only for VPE but also for met­
alorganic chemical vapor deposition (MOCVD) and gas 
source molecular beam epitaxy (MBE) of III-V semicon­
ductors and as a dopant source in silicon technology. Work 
on demonstrating MBE growth using the system is already 
in progress and it is planned to interface the system with a 
MOCVD reactor in the near future, Mass spectrometric 
measurcments 16 indicate that the generator is capable of 
supplying stable and repnxlucible concentrations of arsine 
in hydrogen. While the growth of quaternary 
(InGaAsP) compositions was not examined in this prelim­
inary study, the generator is designed to encompass such 
applications and InGaAsP growth experiments are 
planned as part of the ongoing study. 

TABLE n. Characteristics of a typical MF$FET grown llsing in situ 
gcnerated 'lrsine. 

Gate length LG 
Source resistance 
Transconductance gm 
Saturation current I DSS 

Gate-to-soUfce capacitance CCiS 

Cutoff frequency f, 
Pinch-off voltage 
Gate current at pinch-off 
Output conductance gnu' 

gm/gollt 

1.5,wn 
5,7!l mm 

l40 mS/mm 
240 mA/mm 
2.5 pF/mm 

8.9 GHz 
3,0 V 
SO nA 

3.2 mS/mm 
43 

1686 Appl. Phys. Lett., Vol. 57, No. 16, t 5 October 1990 

Both the arsine generator and liquid organoarsenic 
sources2,12-14 such as t~butylarsine and trimethylarsenic 
possess the safety advantages of a low-pressure source, 
However, use of the arsine generator has the additional 
advantage that it involves no change from conventional 
process chemistry. A fully automated version of the gen­
erator is now available commercially. 22 

In summary, III-V epitaxy using an electrochemical in 
situ arsine source has been demonstrated for the first time. 
Enhanced Schottky InGaAs MESFETs were fabricated 
and exhibited good characteristics. No significant differ­
ence in material growth or properties or device charcteris­
tics betwecn in situ generated arsine and tank arsine was 
observed. 
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