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InAs/InAsSbP bridge photodiodes: features of the fabrication technology
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The technology has been developed for producing bridge-type photodiodes with a small photosensitive area

diameter (< 100 µm) based on InAs/InAsSbP heterostructures, enabling high reproducibility of device parameters.

It has been shown that complete isolation of the metal bridge during etching allows for a halving of the mesa

height, thereby ensuring greater mechanical strength of the bridge photodiode. The use of the proposed technology

has resulted in a reduction in the device parameter spread across the wafer, as well as a reduction in the photodiode

dark current. Thus, at U = −0.2V, the minimum dark current is Id = 200 µA for an open bridge and Id = 1µA

for devices with full insulation. Suppression of metal-assisted etching enables the fabrication of bridge-type devices

on any AIIIBV, regardless of the material, etchant, or crystallographic orientation of the structure.
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1. Introduction

Semiconductor lasers and modern laser systems capable

of operating efficiently in the near and medium IR regions

of the spectrum are finding new applications. For example,

diode laser spectroscopy is used for screening diagnosis

of various diseases at an early stage in the absence of

pronounced symptoms [1,2]. Early diagnosis allows not

only to avoid irreversible changes in the human body and a

decrease in the quality of life, but it also saves the patient’s

life in some cases. Quantum cascade lasers in the IR range

open up new perspectives for communication systems in

free space [3,4].

The development of laser technology creates a need for

creation of high-speed IR photodetectors and photodetector

devices capable of detecting short pulses. When developing

photodetectors, the task is to obtain the optimal ratio of

parameters such as sensitivity, dark current value, and speed.

It is known that a decrease in the capacity of the p−i−n-

photodiode and, accordingly, an increase can be achieved by

reducing the concentration of charge carriers in the active

region of the heterostructure or by reducing the area of the

p−n-junction (diameter of the sensitive area). Previously,

we conducted a study of the characteristics of InAs/InAsSbP

photodetectors with a diameter of the sensitive area from

2mm to 100 µm [5], which used a design with a circle-

shaped mesa and an annular frontal contact, as well as pear-

shaped mesas with a point contact. However, when the

sizes of the photosensitive and contact pads are comparable,

it becomes necessary to move the contact pad outside

the photosensitive surface in order to avoid too much

shading. The formation of two separate (photosensitive and

contact) pads is provided for in the bridge design of the

device, which was proposed by us for GaInAsSb/GaAlAsSb

photodiodes with the spectral range of 1.2−2.4 µm [6]. The
dielectric insulating layer was formed only under the contact

pad in this study. It was found that the formation of a bridge

structure on these materials depends on the orientation

of the axis of the device relative to the crystallographic

direction of the structure.

When moving to a longer wavelength region of the

spectrum, where materials based on InAs and its solid

solutions are used, a number of difficulties were identified

that lead to low mechanical strength of the structure and a

large variation in the parameters of photodiodes.

This work is a continuation of the study presented in

Ref. [7]. We have solved the problem of developing

a universal technology for creating mechanically durable

InAs/InAsSbP bridge photodiodes with high reproducibility

of parameters, which will make it possible to create various

bridge devices on any materials AIIIBV [8].

2. Samples and research methods

n-InAs/p-InAs0.27Sb0.23P0.50 heterostructures were grown

by metalorganic chemical vapor deposition (MOCVD).
A schematic energy diagram is shown in Figure 1. Optical

lithography, high-vacuum thermal and magnetron sputte-

ring, local electrochemical deposition, and liquid chemical

etching were used to create bridge photodiodes based on

these heterostructures. Ohmic contacts to n- and p-type

semiconductor materials were created on the basis of a

multilayer system of Cr-Au-Ni-Au, which was thickened by

electroplating gold from the front contact and spraying a

two-layer system of Cr-Au from the solid back contact side.

The stages of manufacturing of bridge photodiodes based

on InAs/InAsSbP heterostructures are described in detail in

our paper in Ref. [7].
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Figure 1. Schematic energy diagram of the InAs/InAsSbP

heterostructure.

The volt-ampere characteristics (VAC) of the manufac-

tured photodiodes were studied using an automated VAC

meter. The differential resistance R0 was determined

by the slope of the linear section of the VAC in the

range of ±10mV. The capacity was measured using an

Agilent E4980A LCR meter.

The dynamic characteristics of InAs/InAsSbP bridge

photodiodes were studied on a test bench using a laser pulse

source based on a single-mode laser diode (λ = 1.55 µm,

pulse duration 70 ps at half maximum, rise front 40 ps at the

level of 10−90%, peak power of 75mW). The measuring

test bench also included an Agilent 86117A stroboscopic

oscilloscope with a 50GHz band, an optical circuit that

focuses the laser beam on the photodetector site (spot
diameter 5µm), and a linear translator for scanning the

laser beam across the site. The positioning accuracy was

≤ 1µm. The samples in the TO-18 case were mounted

on a high-frequency line (HF) with an SMA (sub-miniature

version A) output.

3. Experimental results and discussion

The bridge structure is formed by liquid etching of the

heterostructure onto the entire thickness of the epitaxial

layers. The main feature of this method is lateral etching,

which removes the semiconductor material under the bridge

contact simultaneously with the formation of a working

mesastructure. It is necessary to form an air etchant

under the metal beam to provide electrical insulation of

the heterostructure layers between the photosensitive and

contact mesas. At the same time, the possibility of

implementing this task will depend on the choice of etcher

and the selection of etching depth.

Liquid chemical etching is based on the interaction of

an etching solution with the surface of a semiconductor.

Most etchants consist of an oxidizer (for oxidation of the

semiconductor surface) and a complexing agent (for the

formation of soluble compounds with oxidation products).
The HBr:H2O2:H2O composition is widely used for InAs

and its solid solutions where the etching rates of different

layers of the heterostructure are close in magnitude, which

makes it possible to obtain an even mirror-smooth lateral

surface of the mesostructure.

The formation of an air tunnel under the outlet of the

contact pad (bridge) is ensured by lateral etching. In

this case, the physico-chemical processes occurring in the

etching solution are of key importance. We found that when

exposed areas of gold are present in the etcher, both as a

bridge material and on technical labels necessary for se-

quential photolithography processes, the lateral etching rate

in the HBr:H2O2:H2O etcher is significantly reduced. This

leads to the fact that for InAs/InAsSbP heterostructures, an

air tunnel under a metal bridge with a heterostructure layer

total thickness of ∼ 5−7µm can be obtained only in case of

etching to a greater depth of ∼ 50µm, which significantly

reduces the mechanical strength of the entire structure.

If for GaSb-based structures the ratio of the mesastructure

depth and the amount of etchant under the bridge was

2 : 1, then with a similar device design for InAs-based

structures, the minimum ratio is 4 : 1, which makes the

structure less mechanically robust. We believe that the

effect of gold on lateral etching under the bridge is

due to the presence of open areas of the metal bridge,

which affect the processes in both the etcher and the

semiconductor material, participating in the redistribution

of carriers between them.

The use of a metal mask in liquid chemical etching of

semiconductor materials for obtaining nanoscale structures

has been actively studied since the early 2000s. It is known

that in the Metal Assisted Chemical Etching (MACE,

i-MACE), a noble metal (not etched) deposited on the

surface of a semiconductor catalyzes the reduction of an

oxidizer and increases the rate of dissolution of the semi-

conductor near the metal film [9]. The key feature of this

method is the very small amount of lateral etching, which

makes it possible to obtain mesastructures with a higher

aspect ratio (the ratio of the horizontal size of the resulting

relief to its depth). The mechanisms of metal-stimulated

etching for various materials and etching compounds are

actively discussed [10], however, a number of aspects of

this method remain unclear to date. The efficiency of

vertical etching is determined by two key mechanisms —
hole generation and mass transfer [11]. Thus, as the area of

the catalyst increases, the rate of hole generation increases;

however, if mass transfer is limited, then removal of prod-

ucts of electrochemical reactions occurring on the surface

of the semiconductor in the presence of a metal catalyst is

difficult, which potentially reduces the etching rate.

Previously, we used insulation using a dielectric layer only

of the contact pad from the reference mesa. The results of

a number of experiments have shown that the possibility

of obtaining an air tunnel under the bridge contact for the

InAs/InAsSbP heterostructure in the HBr:H2O2:H2O etcher
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Figure 2. SEM images of InAs/InAsSbP bridge photodetectors obtained by: a — without complete isolation of the metal bridge; b —
with complete isolation of the metal bridge.
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Figure 3. Volt-ampere characteristics of InAs/InAsSbP photodiodes: a — without metal bridge insulation; b — with full metal bridge

insulation.

is determined not only by the isolation of the gold bridge

from the semiconductor, but also by its isolation from the

etching solution.

The plates of the n-InAs/p-InAsSbP heterostructure were

divided into two parts each at the photolithography stage.

Photodiodes were made with an open gold bridge on one

part of the plate, the bridge contact was completely isolated

during etching on the other part of the plate to exclude the

influence of gold on the formation of mesastructures.

A TiO2/SiO2 dielectric lining was additionally formed

under the bridge, and a photoresist mask was applied on

top of it, insulating the metal from the upper and sides [12].

Figure 2 shows SEM images (scanning electron mi-

croscope) of InAs/InAsSbP photodiodes obtained using

scanning electron microscopy.

As can be seen from Figure 2, deep mesas are obtained

when etching InAs/InAsSbP mesastructures without com-

pletely isolating the metal bridge from the semiconductor

and etchant with a small etch under the bridge (Figure 2, a).
The ratio of the depth of the mesastructure hm to the etching

depth ht is 4 : 1. In the case of complete isolation, an air

tunnel was obtained under the bridge at a significantly lower

mesa depth (Figure 2, b). In this case, the ratio of the depth

of the mesastructure to the etching depth under the bridge

is 2 : 1. Thus, the suppression of metal-stimulated etching

leads to a decrease in the depth of the holes and an increase

in the mechanical strength of the structure.

In addition, it has been experimentally shown that, unlike

the initial approach, when the dielectric layer is formed only

under the contact pad, when the metal bridge is completely

isolated, orientation relative to crystallographic directions is

not required during etching.

It is important to note that the developed technology

for creating InAs/InAsSbP bridge photodiodes makes it
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InAs/InAsSbP bridge photodiodes: features of the fabrication technology 465

–7.0 –6.5 –6.0 –5.5 –5.0 –4.5 –4.0
0

0.05

0.10

0.15

0.20

U , Vbias

0 V
0.1 V
0.2 V
0.4 V

0.7 V
1.0 V
1.5 V
2.0 V

0

0.02

0.04

0.06

0.08

0.10

P
h
o
to

re
sp

o
n
ce

, 
V

Time, ns
O

p
ti

ca
l 

p
o
w

er
 1

5
5
0
 n

m
, 
W

 

P
h
o
to

re
sp

o
n
ce

, 
V

0.2

0.1

0

Time, ns
–6.4 –6.2 –6.0 –5.8

Figure 4. Photoconductive response pulses at various reverse bias

voltages Urev, as well as the shape of the laser pulse used in the

experiment. The inset shows the photoconductive response pulses

on a larger scale.

possible to manufacture various bridge-type devices with

high reproducibility of parameters on any AIIIBV materials.

Figure 3 shows the volt-ampere characteristics of

InAs/InAsSbP photodiodes made without insulation of a

metal beam (Figure 3, a) and with insulation (Figure 3, b).

As can be seen from Figure 3, the developed technology

made it possible to achieve a smaller spread of device

parameters across the plate, as well as to reduce the

dark currents of the photodiodes. The minimum dark

current is Id = 200 µA at U = −0.2V with the bridge open

and it equals to Id = 1 µA in devices with full insulation.

We believe that the decrease in the spread of parameters

across the plate is due to the fact that with complete

isolation, the etching depth required to obtain an air tunnel

under the bridge is significantly less. In this case, the

spread of the diameter of the photosensitive site from

mesa to mesa decreases and, accordingly, the spread of

device parameters, in particular the magnitude of the dark

current. The differential resistance of the photodetectors is

R0 = 1.0−5.6 kOhm.

The spectral sensitivity of the created InAs/InAsSbP

photodiodes lies in the wavelength range of 1.1−3.8µm

with a maximum in the region of 2.8−3.1 µm. The current

monochromatic sensitivity reaches SI = 1.0−1.2A/W.

Figure 4 shows typical photoconductive response pulses

demonstrated by the developed InAs/InAsSbP bridge pho-

todetectors (diameter of the photosensitive pad ∼ 80 µm)
at various inverse voltages, as well as the shape of the

laser pulse. The position of the laser pulse relative to

the photoconductive response pulse was chosen artificially,

since signal delays were not evaluated as part of the

conducted studies.

As can be seen from Figure 4, the maximum amplitude

of the photoconductive response pulse is 0.19V at a inverse

voltage of 2V. At the same time, the maximum speed of the

photodiodes, defined as the rise time of the photoconductive

response pulse τ0.1−0.9, reaches 100 ps (see the inset to

Figure 4).

Thus, a technology for creating bridge-type devices has

been developed, which makes it possible to suppress the

effect of metal-stimulated etching and thereby increase the

mechanical strength of the structure by reducing the height

of the mesa. At the same time, the spread and magnitude

of the reverse dark currents are reduced.

4. Conclusion

A technology has been developed for creating

InAs/InAsSbP bridge photodiodes with high reproducibil-

ity of instrument parameters for the spectral range of

1.1−3.8µm.

It was found that the presence of open areas of gold

during etching of InAs/InAsSbP heterostructures in the

HBr:H2O2:H2O system prevents lateral etching. It is shown

that it is necessary to completely suppress metal-stimulated

etching for obtaining a photodiode design with a bridged

metal contact, namely, it necessary to eliminate the influ-

ence of gold on the etching process of the semiconductor.

Thus, the ratio of the depth of the mesastructure to the

etching depth is 4 : 1 without complete isolation of the metal

bridge and 2 : 1 with its complete isolation.

It is shown that the magnitude and spread of the reverse

dark currents decrease when the bridge is completely

isolated at the mesastructure etching stage. So, with an

open bridge, the minimum dark current was Id = 200 µA

at U = −0.2V, whereas for a fully insulated structure

Id = 1 µA at U = −0.2V.

The suppression of metal-stimulated etching makes it

possible to manufacture bridge-type devices on any AIIIBV

compounds, regardless of the material used, etchant, and

crystallographic orientation of the heterostructure.
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