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Reactive ion beam etching of aluminum indium antimonide, gallium indium antimonide
heterostructures in electron cyclotron resonance plasma using methane/hydrogen/nitrogen/silicon
tetrachloride~CH4/H2/N2/SiCl4! mixtures has been performed at room temperature. Due to the ratio
of chlorine to methane, formation of an indium chloride layer on the etched surface is avoided, thus
resulting, in etched surfaces as smooth as the original ones and flat mesa sidewalls. Infrared diodes
~2.3mm! have been fabricated using this etching technology. ©1995 American Institute of Physics.
n

f

r
b
o
b

a
e
le
i
th

m
a
a
l
e
a

t
n
li

ik
n

a
in

i

ix-
in

f

nd

n
up
on

A

Ga12xInxSb–AlySb heterostructures are very promisi
due to their potential use in multiple quantum well~MQW!
photodetectors in the 2–5mm range, with wide applications
in the gas sensing field. Ga12xInxSb is the base material o
the well because of its band gap in the midinfrared region
the spectrum, while Al12yInySb provides the necessary ba
rier for quantum confinement. The In content must
slightly different in the well and in the barrier in order t
match the lattice parameters of both compounds. A suita
composition of these ternaries isx50.40 andy50.351,2 as we
focused on the detection in the vibrational band of meth
at 2.3mm. To obtain actual photodiode devices, it is nec
sary to develop dry etching techniques that allow control
and nonselective etching of the In-containing layers w
smooth etched surfaces and flat mesa sidewalls for fur
processing.

It is well known that chlorine based plasmas have so
limitations when etching indium-containing compounds
room temperature. Formation of a low volatility residu
layer of InClx seems to be the cause of the rough morpho
gies of the etched surfaces.3,4 Etching at high temperatur
~.200 °C! is then crucial in order to increase the therm
desorption of that layer and hence achieve a successful e
ing process.5,6 However, many commercial etching system
are not designed to provide this high temperature opera
and its implementation is rather difficult in a production e
vironment. Methane-based plasmas can overcome those
tations, as has been widely reported.7,8 In particular, reactive
ion beam etching~RIBE! of InP using electron cyclotron
resonance~ECR! discharges in CH4/H2/N2 chemistry has re-
vealed very good etching characteristics, leaving mirrorl
etched surfaces with no polymer deposition and little a
shallow electrical damage.9 With regard to Ga, Al, and Sb
elements, either GaSb and AlSb can be etched in chlorin
plasmas with good performances at the right etch
conditions.10 However, these compounds~and especially
those containing Al! are not efficiently etched in CH4-based
plasmas11 unless high acceleration voltages are used, lead
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to unacceptable rough surfaces.12 For all these reasons, we
have assumed that ECR discharges of methane/chlorine m
tures could take advantage of both plasma chemistries
etching Al12yInySb. In this letter, we report on the
CH4/H2/N2/SiCl4 plasma mixture compositions and ion ac-
celeration voltages suitable for the ECR-RIBE etching o
Ga0.6 In0.4Sb/Al0.65In0.35Sb heterostructures at room tempera-
ture and its application to the fabrication of photodiodes.

We used a commercial load-lock ECR-RIBE system in
these experiments. Details about the system can be fou
elsewhere.9 The microwave power was set at 300 W. Ion
acceleration voltages~Vacc! from 200 to 700 V were used. All
the experiments were performed at room temperature. Io
beam current densities were measured by a Faraday c
placed above the sample holder. The samples were grown
Si-doped~100! GaAs substrates by molecular beam epitaxy
~MBE! at temperatures ranging between 420 and 460 °C.
30 Å thick GaInSb layer was grown over AlInSb layers in
order to avoid Al oxidation. Further details about the growth
procedure will be published elsewhere.13 For the etching ex-
periments, a SiO2 layer deposited by plasma-enhanced
chemical vapor deposition~PECVD! at 300 °C was used as
the masking material. A flow of 7 sccm of CH4/H2 ~15% of
CH4 in the mixture! and 3 sccm of N2 is used in all the
experiments. Then a variable flow of SiCl4 ~0.5, 1, and 2
sccm! was added, giving a content of SiCl4 of 4.8%, 9.1%,
and 16.7% in the CH4/H2/N2/SiCl4 mixture. Some etching
experiments were performed in pure SiCl4 ~2 sccm!.

Figures 1~a! and 1~b! present the etch rates for
Al0.65In0.35Sb and Ga0.6In0.4Sb, respectively, as a function of
Vacc for the four gas mixtures. The most important feature is
the existence of a threshold voltage~Vth! for obtaining mea-
surable etch rates. We observedVth'200 V on both com-
pounds in chloride rich conditions@curve 1 in Figs. 1~a! and
1~b!#. This value is similar to one previously found by other
authors14 in etch experiments~ECR-RIBE! of InP in Cl2
plasmas also at room temperature, where an InClx layer is
formed. Figure 2~a! shows the rough surface obtained after
Al0.65In0.35Sb etching in these chloride rich conditions at
Vacc5500 V. On the other hand,Vth rises to 400 V when
32892)/3289/3/$6.00 © 1995 American Institute of Physics
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etching in very low partial pressure of chloride@curve 4 in
Fig. 1~a!#. This high value agrees with the approximately 35
V found by other authors12 when etching AlInAs in ECR
discharges of CH4/H2/Ar. This high value ofVth in low par-
tial pressure of chloride requires a highVacc, resulting in
degraded morphologies. However,Vth'130 V when etching
Ga0.6In0.4Sb or Al0.65In0.35Sb in CH4/H2/N2/SiCl4 plasma at
intermediate partial pressure of SiCl4 in the mixture@curves
2 and 3 in Figs. 1~a! and 1~b!#. This value is equal to the one
found when etching InP in CH4/H2/N2 mixtures,

9 suggesting
that no InClx layer is formed at these SiCl4 partial pressures.
Further evidence of the absence of an InClx layer is presented
in Fig. 3, which shows the results of an energy dispersi
spectroscopy~EDS! analysis on Ga0.6In0.4Sb surfaces after
etching in pure SiCl4 and in CH4/H2/N2/SiCl4 discharges.
Peaks corresponding to Cl and Si are measured with

FIG. 1. Average etch rate of~a! Al0.65In0.35Sb and ~b! Ga0.6In0.4Sb in
ECR-CH4/H2/N2SiCl4 discharges as a function of acceleration voltage.

FIG. 2. SEM micrographs of Al0.65In0.35Sb etched at an ion acceleration
voltage of 500 V: ~a! ECR-SiCl4 discharges;~b! ECR-CH4/H2/N2/SiCl4
~9.1%! discharges.
3290 Appl. Phys. Lett., Vol. 67, No. 22, 27 November 1995
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former and no evidence of InClx is seen when using the
mixture. In this case, smooth etched surfaces are obtained
shown in Fig. 2~b!. This suggests that by using the appropr
ate partial pressure of chloride in CH4/H2/N2/SiCl4 mixtures,
it is possible to etch In-containing compounds in an efficie
way at room temperature and moderate ion acceleration v
ages, without the formation of InClx layers confirming the
previous assumptions about the possibilities of th
CH4/H2/N2/SiCl4 chemistry. We speculate that in a certai
range of partial pressures of SiCl4 in the mixture, indium is
etched by methane-based reagents, while aluminum is tota
removed by chloride-based ones. WhenVacc5500 V and
9.1% of SiCl4 in the mixture are used as the process para
eters, Ga0.6In0.4Sb is etched at 400 Å/min while Al0.65In0.35Sb
is etched at 300 Å/min, resulting in an etch rate ratio o
Ga0.6In0.4Sb to Al0.65In0.35Sb of only 1.3, which provides a
virtually nonselective mode of etching. Figure 4 shows th
flat mesa sidewalls with smooth bottom surfaces obtain
after the etching of complex AlInSb/GaInSb heterostructur
in these conditions, which allow further processing~such as
passivation and metal coatings!.

A suitable way to determine the etch mechanism i
volved is the study of the ratio of the increase in etch rate
the increase in ion beam current density versus the ion
celeration voltage. Figure 5 shows this ratio as a function
Vacc when etching Al0.65In0.35Sb in CH4/H2/N2/SiCl4 mix-
tures. It is observed that when etching with a very low parti
pressure of chloride, the etch yield is strongly affected by io
bombardment, leading to a physical-like etchin

FIG. 3. EDS spectra of Ga0.6In0.4Sb. Acceleration voltage 6 keV. Dead time
47%. Accumulation time 100 s.

FIG. 4. Mesa sidewall of an AlInSb/GaInSb heterostructure etched at an
accelerating voltage of 500 V with ECR-CH4/H2/N2/SiCl4 ~9.1%! dis-
charges:~a! backscattering electrons image;~b! secondary electron image.
Sendra et al.
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mechanism.15 The increase in the content of SiCl4 brings
about a change to a chemical-like etching mechanism w
little influence of the ion energy at high ion acceleratio
voltages. Etching in the chemical-like mode results in etch
surfaces whose morphology equals the as-grown surfa
Redeposition on the sidewalls of the sputtered etch prod
prevents undercutting and leads to the overcut mesa pr
shown in Figs. 2~b! and 4.

MQW-pin photodiodes in ann1 GaAs substrate were
fabricated using this etching technology. A 0.2mm n1-type
GaAs buffer layer was first grown, followed by a 1mm
n1-type ~SnTe! Al0.65In0.35Sb region. The 0.43mm intrinsic
MQW region consisted of 33 undoped periods of 80
Ga0.6In0.4Sb wells and 50 Å Al0.65In0.35Sb barriers. Then, the
0.3 p1-type ~Be! Al0.65In0.35Sb region was grown, followed
by a 500 Åp1-type Ga0.6In0.4Sb cap layer. Mesa structure
with 100mm diameter and a height of 1.2mm were formed
by dry etching for 40 min in CH4/H2/N2/SiCl4 discharges
~9.1% of SiCl4 in the mixture! atVacc5500 V. A 0.4mm SiNx
PECVD layer deposited at 100 °C was used as passiva
film. Contacts were then formed on the topp1 layer and on
then1-Al0.65In0.35Sb region. The spectra response curve o
typical photodiode taken at 300 K in photovoltaic operati
is shown in Fig. 6. The excitonic transition at 2.3mm and the
transition associated with the different levels in the quant
well are clearly observed even at room temperature, t
confirming the quality of the etching process.

In conclusion, reactive ion beam etching of AlInS
GaInSb heterostructures in an ECR plasma using CH4/H2/
N2/SiCl4 mixtures has been performed at room temperatu

FIG. 5. Etch yield of Al0.65In0.35Sb in ECR-CH4/H2/N2/SiCl4 discharges as a
function of ion acceleration voltage.
Appl. Phys. Lett., Vol. 67, No. 22, 27 November 1995
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Due to the ratio of chloride to methane, formation of an InClx

layer on the etched surface is avoided, thus resulting in
etched surfaces as smooth as the original ones and flat mes
sidewalls. Infrared photodiodes~2.3 mm! have been fabri-
cated using this etching technology.

The authors wish to thank Dr. Carmen Quintana for the
EDS measurements. The work was performed within
ESPRIT Contract No. 6374~MMMGas!.
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FIG. 6. Spectral response curve of a typical photodiode taken at 300 K in
photovoltaic operation.
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