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Yery Wide Spectral Range Schottky Photodiodes of Aglp-InP/p-InGaAs Heterostructure
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The Schottky photodiodes of Ag/p-Inp/p-InCaAs heterostruct,ure are fabricated by
of p-InGaAs/p-InP/InGaAsP/InP rnul-tiple 1-ayer heterostructure and its
selective etching. The idea is to add the longer wavel-ength photoresponse of InGaAs
to that of InP, and thus to obtain a very wide(0.4 pmtu1.65 pm )spectral range
Schottky photodiodes. The wide and a fairly flat spectral response is demonstrated
for the Ag/p-InP/p-InGaAs Schorrky photodiodes.
LPE growth

S1. Introduction
Much interest has been focused on the
InGaAs (p) /fnp heterostructure for its applications

to optoel-ectronic devices such as DH( doubl_e
heterostrueture ) lasers and APDrs( avalanche photodiodes ) in the optical communication system. For
these devices, narrower spectral.range of the
emi-tted light or photoresponse is required at l-.3
1 ?)
0n the other hand, when the
Um or 1.55 pm-'-'.
heterostructure is used j.n such a way as Lo add
the spectral range of each 1ayer, it could be
possible to fabricate photodetectors which have
a very wide and f,1at spectral response. In Lhe
InGaAs/InP heterostructure the spectral range
could be extended from 0.92 Um( corresponds to the
energy gap 1.35 eV of InP ) to 1.65 Urn( corresponds
to the energy gap 0.75 eV of In5,.53Ga0.47As ) if
the structure is so designed as to add the
spectral response of InO.53Ga0
.47A, Lo that of
InP.

In this paper, we descrlbe the fabricatj_on
of Schottky photodi-odes of the Aglp-Tnp /p-InGaAs
heterostructure and demonstrate its very wide and
fairly flat spectral response from violet(n,0.4
um ) to infrared('r,1.65 un ).

92. Fabrication of
Diodes

Ag/p-TnP/p-InGaAs Schorrky

Since the Schottky contact on InGaAs is

leaky at room temperature(Rt)3), Inp on Lop of
InGaAs was used to obtai-n a htgh barrier Schottky
contact. To extend the depl_etion Layer of metal/
p-InP Schottky contact well into the InGaAs layer,
a thin InP layer with a low carrier concentration
on top of InGaAs is required. Since it i.s very
difficult to grow InP directly on InGaAs, we
fabricated the Schottky diodes of Ag/p-Inp/p-InGaAs
from the p-InGaAs/p-InP/InGaAsp/Inp multiple layer
by the selective etching of InGaAsp and Inp. The
photomicrograph of the cleaved and delineated cross
section of the multiple layer is shor,rn in Fig. 1.
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Fig. 1 Cleaved and dellneated cross section of
InGaAs /InP/tnca.Asp/Inp rnulriple layer.
The

nultiple layer was groffTl by LFE using

a

conventional slider and boat assembly in pd-

diffused hydrogen atmosphere. p-InGaAs and p-Inp
of low carrier concetratl.on( p<1xtOl6
"r-3 ;
were reproducibly obtalned wlth dopant Zn diluted

voltage is l-ow, the leakage currenl in the backward direction is very low as ean be seen in Fig.
3, and breaks down at a voltage as high as - 15 V.

with In. The InGaAsP quaternary alloy of which
composition corresponds to the emission 1ight
wavelength 1.3 um was used as the buffer layer
for the selective etching. Typical thicknesses
of each layer are 15 um for p-InGaAs, 0.5 pm for
p-InP, and 0.3 Urn for InGaAsP. Before the
selective etching, the wafer of the multiple
layer heterostructure was bonded to the InP
wafer by Au-Ge alloy in a nitrogen atmosphere
at 400oC. First, InP was etched out in HCI- at RT.
The etching stops at the InGaAsP layer surface.
The quaterrLary layer was sel-ectively etched
using a solution of H,SOO:HrO:*ZOZ(= 1:1:l in
volume ) at RT. Since this etching stops at the
InP surface, we final-ly obtain the inverted
structure of p-InP/p-InGaAs from the p-InGaAs/
p-InP/InGaAsP/InP multi-layered heterostructure.
Evaporation of Ag Schottky contacts onto InP
completes the fabrication of Ag/p-1nP/p-InGaAs
Schottky diodes. This final structure is schematical-ly shown in Fig. 2. The InP wafer is the
holder of a thin Aglp-TnP/p-InGaAs l-ayer.
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Fig. 3 Current-voltage characteristic of

Ag/

p-InP/p-InGaAs Schottky diode of size 0=0.9nrn
measured at RT.

A capacitance-voltage( C-V ) characteristic
of the same wafer as in Fig. 3 is shown in Fig.

axis is the inverse of the
squared capacitance normaLized to a unit area.

where the vertical
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Fig. 2 Schematic drawing of Ag/p-InP/p-InGaAs
Schottky diodes.
$3. El-ectrical.Broperties of Ag/p-InP/p-InGaAs
Schottky Diodes

Vrn=-'1.65V

A current-voltage characteristic of the
Schottky diode fabricated in Lhe wafer /1107 which
has the layer thicknesses of 480 A for Ag, 0.6 urn
for p-InP, ,and 11 Um for p-InGaAs is shown in Fig. 3.
The diameter of the Ag Schottky contact is 0.9 nrn.
The built-in vol-tage in the forward direction is
l-ow although the Schottky barrier height is as
high as 0.8 eV. The. Schottky barrier height was
measured from the photon energy dependence of the
Ag/p-InP Schottky diodes where the eleetrons are
injected from the metal contact to p-InP by the

photo-excitation.
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Fig. 4 Capacitance-volLage characterj-stic of Ag/
p-InP/p-InGaAs Schottky diode at RT.
From the C-V characteristic

shown in Fig. 4,

a carrier concentration profil-e of the diode was
obtained and shown in Fig. 5. Similar spike and
notch in the carrier concentration profil-e /at.) the
n-InGaAs/n-InP interface has been reported-'-.
The feature could probably result from the notch

Even though the built-in
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and spike in the valence band whi-ch modulate the

wi.de range of the spectral- response of the Ag/p-

free carrier concentration near the interface.
Since the notch and spike in the valence band are
formed at the p-InP/p-InGaAs hetero-interface, the
conduction band should have a step at the interface.
The step barri-er in the conduction band should be
surmounted by the electrons in the InGaAs layer
to contribute as a current in the diode.

InP/p-InGaAs Schottky photodiode is demonstrated.
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Fig. 5 Carrier concenLration profile in the /f l-07
diode rrhich was obtained from the C-V eurve in
Fig. 4.

SchotEky Photodiodes

The spectral response of the Schottky photodiodes have been measured with the appl-ied voltage

as a parameter. As mentioned in 53, the electrons
generated in the InGaAs layer have to surmount the
conduction band step at the p-InP/p-InGaAs
hetero-interface. To assist the electrons to
flow over the conduction band step, the reverse
bias vol-tage is applied to the Schottky eontact so
that the step is lor,rered by the electric field of
the depletion 1-ayer. Thus, a drastic increase of
the photo-excitld current should be expected for
the longer wavelength region of InGaAs.
The photodiodes \^rere irradiated through the

The light

sources were a tungsten-

iodine lamp for the visible and infrared region,
and a xenon l-amp for the violet region. The
responsivity of the diodes was calculated from

the relative responsivity to the calibrated
and Si photodiodes.
The results are shown in Fig. 6.
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Fig. 5 Wavelength dependence of responsivity of
the Ag/p-InP/p-InGaAs Schottky photodiode. Longer
wavelength photoresponse which corresponds to that
of InGaAs increases drastically with increasing
appl-ied voltage.

94. Spectral Response of Ag/p-InP/p-InGaAs

Ag contacts.
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At the bias voltage zero, the diode has a sharp
cut-off of the responsivity at the wavelength
0.92 pm which corresponds to the energy gap of
InP( 1.35 eV at RT ). With increasing voltage
the responsivity in the longer wavelength region
with the cut-off wavel-ength at l-.65 Um which
corresponds to the energy gap of h0.53G"0.47As
( 0.75 eV at RT ) increases drastically.
For
in
the longer wavelength
example the responsivity
region at -5 V is by three orders of magnitude
higher than that at =1 V. Though the measurement is stopped at the wavelength 0.4 um, this
was l-irnited only by the measurement system. Thus,
this Schottky photodiode covers a very wide
spectral range fromru 0.4 Un to 1.65 Um with a
fairly flat r.ravelength dependence of the
responsivity.
The absolute value of the responsivity is

not high enough eompared with that of InGaAs p-n

junction photodiode( n'0.7 A/w )6). This is due Lo
a:rel-atively thick film of Ae( "SOO i ) for the
Schottky eontact through which the incident 1-ight
reaches the depletion layer. Thinner Ag filnt
( 100ru200 [ ) riff make the responsivity close
to 0.2^,0.5 A/W, since the reflectivity greatl-y
decreases at that fil-m Lhickou""T).
55.
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