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InSb high-speed photodetectors grown on GaAs substrate
Ibrahim Kimukin,a) Necmi Biyikli, and Ekmel Ozbay
Department of Physics, Bilkent University, Bilkent Ankara 06533, Turkey
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We report InSb-based high-speed photodetectors grown on GaAs substrate. Thep- i -n type
photodetectors can operate at room temperature. Room-temperature dark current was 4 mA at 1 V
reverse bias, and the differential resistance at zero bias was 65V. At liquid nitrogen temperature, the
dark current was 41mA at 1 V reverse bias and the differential resistance at zero bias was 150 kV.
Responsivity measurements were performed at 1.55mm wavelength at room temperature. The
responsivity increased with applied bias. At 0.6 V, responsivity was 1.3 A/W, where unity quantum
efficiency was observed with internal gain. Time-based high-speed measurements were performed
using a pulsed laser operating at 1.55mm. The detectors showed electrical responses with 40 ps full
width at half maximum, corresponding to a 3 dB bandwidth of 7.5 GHz. ©2003 American
Institute of Physics.@DOI: 10.1063/1.1611286#
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InSb has been an interesting material for optical appli
tions in the infrared region due to its narrow band-gap
ture. InSb can be used in infrared imaging systems,
space communication, and gas detection systems.1,2 Al-
though InSb based photodetectors can be grown on I
substrates,3–5 this is not preferred due to high conductivity o
the substrate that complicates the integration. Si and G
substrates are quite suitable for the monolithic integrati
But due to the large lattice mismatch between InSb a
Si~19%! or GaAs~14.5%!, there are few reported studies.6–8

These detectors are mostly used for mid-infrared~3–5 mm
wavelength! imaging applications and operate at 77 K. Te
nary compounds of InSb are made by adding either Tl, Bi
As to extend the responsivity of the detectors to long wa
length infrared region.3,9–12Although responsivity, current–
voltage, detectivity of InSb, and InSb-based photodetec
have been studied extensively, high-speed response of t
infrared photodetectors have not been reported before.
report the high-speed operation of InSb photodetector
room temperature. The electrical properties at both room
liquid nitrogen temperatures and room temperature resp
sivity characteristics are also reported.

The detector structure was grown on semi-insulat
GaAs substrate by molecular beam epitaxy. A 0.1mm thick
GaSb layer was grown as a buffer between lattice m
matched GaAs and InSb layers. InSb growth conditions
the thickness of the buffer layer were controlled using refl
tion high energy electron diffraction. After the buffer layer
1.5 mm thick n1 InSb layer, 1.5mm thick n-InSb layer, and
finally 0.5mm thick p1 InSb layer were grown. Then-active
layer was unintentionally doped to 231015cm23. Tellurium
and beryllium were used as then- and p-layer dopants, re-
spectively. Doping level was 1018cm23 for both highly
doped layers to decrease the serial resistance. The thick
of the top p1 layer was kept lower than then1 layer to
increase the quantum efficiency.
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The devices were fabricated by a microwave-compati
process and completed in five steps. Citric acid:H2O2 (1:1)
solution was used to etch the InSb and GaSb layers. Solu
was kept at 30 °C and stirred to get a uniform etch profi
This was an isotropic etch with an etch rate of;1.5 mm/h.
We started the fabrication with then1 ohmic contact forma-
tion. Samples were etched down to then1 InSb layer, which
was followed by a self-aligned Ti–Au liftoff. Thep1 ohmic
contact was also achieved by Ti–Au liftoff. We etched aw
all the layers down to semi-insulating GaAs, except for t
active areas using the isolation mask. Then 0.19mm Si3N4

layer was covered and patterned for isolation and pass
tion. This dielectric layer was also used as a single la
antireflection coating. Finally a 0.8mm thick Ti–Au metal
was evaporated, which formed the coplanar waveguide
the top of the GaAs layer, which was essential for high-sp
operation.13,14 We fabricated photodetectors with differe
active areas changing from 30 to 200mm in diameter.

Current–voltage characteristics of the detectors w
measured at room and liquid nitrogen temperature usin
modular dc source/monitor unit~HP-4142B!. Figure 1 shows
the current–voltage characteristics of a detector with 30mm
diameter. At room temperature dark current was 6.4mA at
zero bias and 4 mA at 1 V reverse bias. At 77 K, the da
current was 20 nA at zero bias and 41mA at 1 V reverse bias.
The inset of Fig. 1 shows the calculated differential res
tance of the photodetector. At room temperature differen
resistance was 65V at zero bias, and the highest value w
650 V at 440 mV reverse bias. The peak position of t
differential resistance shifted to higher bias voltages as
temperature was lowered.7 When the diode was cooled to 7
K, the differential resistance at zero bias was 150 kV and the
highest value was 170 kV at 40 mV forward bias. Zero-bias
differential resistance area product (R0A) for 30 mm diam
diodes was 1V cm2. This product increased to 2V cm2 for
80 mm diam diodes. Our values were comparable to the
portedR0A values. TheR0A for InSb photodetectors grown
on Si were 1V cm2 ~4003400 mm2 area! and 2.6V cm2

~400380 mm2 area!.7,8 R0A was 0.5V cm2 for 503200mm2
il:
4 © 2003 American Institute of Physics
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area InAsSb photodetector grown on GaAs.10

Spectral responsivity measurements were made usi
tunable laser at room temperature. The output of the la
was coupled to a single-mode fiber and delivered to the
tive area of the photodetector using a fiber probe. The p
tocurrent was recorded by digital ammeter while the det
tors were biased using a dc voltage source. First
responsivity of the photodetectors at 1550 nm was meas
as a function of bias voltage. The responsivity increased w
the increase of the reverse bias as shown in Fig. 2. Unde
V reverse bias the responsivity was 0.58 A/W, which cor
sponds to 46% quantum efficiency~QE!. Due to the internal
gain, the QE exceeded unity with the increase of the reve
bias above 0.6 V. Spectral responsivity measurements w
made in the 1500–1600 nm spectral range which were
shown at the inset of Fig. 2. The photoresponse was ne
constant in the given range. This was also in agreement
the spectral absorption simulations based on the transfer
trix method. Figure 3 shows the simulation results of refl

FIG. 1. Electrical characteristics of aPIN 30 mm diam InSb photodetecto
measured at room temperature~dotted line! and 77 K~solid line!. The inset
shows the calculated differential resistance.

FIG. 2. Responsivity of the photodetectors at 1550 nm as a function o
reverse bias. The inset shows the spectral responsivity measurement
different reverse bias voltages ranging from 0.2 to 0.6 V.
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tion and absorption for the fabricated detector. Below 14
nm, most of the optical signal was absorbed in the upperp1

InSb layer due to high absorption coefficient.15,16 Between
1400 and 2000 nm, the absorption in then layer was nearly
constant. Simulations show that a further increase in the
can be achieved by using a thinnerp1 layer and by tuning
the antireflection coating to the desired wavelength.

High-speed characterization of the photodetectors w
carried out at 1550 nm. An erbium doped fiber laser ampli
was used to generate optical pulses with a full width at h
maximum ~FWHM! of 1 ps. Optical pulses from the lase
were coupled to the active area of the photodiodes by me
of a fiber probe. The detectors were biased using a 40 G
bias tee on a microwave probe station. The temporal
sponse of the photodetectors were measured on a 50
sampling scope.17 Under zero bias the pulse was very wid
As the reverse bias was increased above 1.0 V, the p
increases to 200 mV and the FWHM decreased to 45 ps.
pulse response of a 30mm diam photodetector measure
under 2.0 V reverse bias is shown in Fig. 4. The shape of
pulse response was almost the same above 1.5 V rev

e
der

FIG. 3. Spectral simulation results for optical reflection and absorption
the p1 andn-InSb layers.

FIG. 4. Temporal response of a 30mm PIN InSb photodetector measured
2 V reverse bias. The inset shows the calculated FFT of this measure
where the 3 dB bandwidth is 7.5 GHz.
IP license or copyright, see http://ojps.aip.org/japo/japcr.jsp
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bias. The pulse had a 40 ps FWHM without any ringing. T
rise time was 15 ps and the fall time was 73 ps. The tail w
due to the diffusion of the carriers generated in the hig
doped layers to the active layer. The fast fourier transform
the pulse is shown in the inset of Fig. 4, which shows that
device has a 3 dBbandwidth of 7.5 GHz.

In conclusion, we have demonstrated the high-speed
eration of InSb-based photodetectors. Room temperature
liquid nitrogen temperature zero bias differential resistan
were 65V and 150 kV, respectively. Responsivity at 1.5
mm wavelength was 1.3 A/W at 0.6 V reverse bias. T
detectors showed electrical responses with 40 ps FWH
corresponding to a 3 dBbandwidth of 7.5 GHz.

This work was supported by Turkish Department of D
fense Grant No. KOBRA-002 and NATO Grant N
SfP971970.
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