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ABSTRACT

Interdigitated metal-semiconductor—metal (MSM) photodetectors based on InAlAs/InGaAs materials have attracted
much attention for applications in high-speed optical-fiber communication systems which need efficient light detection
in the 1.3-1.55 um range [1]. The performance of thin-film inverted MSM are analyzed and compared to conventional
MSM, that was modeled and simulated using Silvaco TCAD (Technology Computer Aided Design) and ATLAS soft-
ware. We show how the interdigital spacing and thickness of the InGaAs layer influence the impulse response and the

associated bandwidth [2].
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1. INTRODUCTION

The worldwide diffusion of optical fibers in com-
munication for long distances, local area networks, has
powered an increasing effort towards the realization of
high speed and high efficiency optical detectors which
require efficient light detection for wavelengths around
1.3-1.55 um [3]. Interdigitated metal-semiconductor—
metal (MSM) structure is shown in Figure 1. It is a planar
photodiode based on simple technology; it is easy to in-
tegrate [4].
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Figure 1. MSM photodetector with its typical interdigi-
tated structure.

It consists of two Schottky electrodes, frequently
interlinked in the form of a comb structure, leaving a free

semiconductor surface between the two contacts which
forms the active region in which light will be absorbed
[4]. The application of a bias to the metallic fingers cre-
ates an electric field within the underlying semiconductor
which acts to sweep the photogenerated carriers out of
the device [5].

The main advantages of MSM PDs being the low
capacitance, dark current and short impulse response. In-
GaAs based receivers have been under intensive investi-
gation for long distance optical communication in the
1.3-1.55 um bands because of their small bandgaps [6].
A thin high-bandgap material, such as AllnAs, between
the InGaAs and the metal is required in order to reduce
the dark current to reasonable levels [7].

In this paper, we analyze the performances of
InAlAs/InGaAs Inverted- MSM PDs (I-MSM PDs),
which are thin film MSM PDs with the fingers on the
bottom of the device, and compare to conventional MSM
PDs (C-MSM PDs) [8]. Device simulations are per-
formed using Silvaco’s 3-D ATLAS device simulation
environment.
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2. DEVICE STRUCTURE AND MODELS

For the InP-based InGaAs material generally used
in the optical communication band, the main obstacle of
the metal-semiconductor system is its low Schottky bar-
rier height (-0.2 eV) [1], [9]. To solve this problem, a
suitable barrier enhancement material must be introduced
between the InGaAs light absorption layer and the metal
electrodes [9].
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Figure 2. Device Structure.

Both I-MSM’s and W-MSM It’s consist of the
same double structure grown lattice on a (100) SI InP
(substrate)-In0.52Al10.48As  (400nm)-In0.53Ga0.47As
(1pm)-In0.52Al10.48As (400nm), with all layers nomi-
nally undoped [1]. Fingers of Ti-Au 1 um wide separated
by 1um were defined on the 50um diameter MSM’s.

The simulated device is a three-dimensional structure
as shown in Figure. 3. Device simulations are performed
using Silvaco’s 3-D ATLAS device simulation environ-
ment that simulates the optical, electrical, and thermal
behavior of semiconductor devices. It solves the funda-
mental physical equations describing the dynamics of
carriers in semiconductor devices and predicts terminal
characteristics of semiconductor devices for steady state,
transient and small signal AC simulation [9]. This model
consists of a set of fundamental equations which link to-
gether the electrostatic potential and the carrier densities,
within some simulation domain. These equations, which
are solved, have been derived from Maxwell’s laws and
consist of Poisson’s Equation (equation 1), which corre-
lates the electrostatic potential to charge densities. The
continuity equations (equation 2) keeps track of all the
carriers in terms of movement with the transport equa-
tions (equation (3), [11, 12].

div(eVy) = —p €Y)
Where vy is the electrostatic potential, € is the local
permittivity, and p is the local space charge density.
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Where n and p are the electron and hole concentra-

tion, ]—>and ]—> are the electron and hole current
n p
densities, Gn and Gp are the generation rates for elec-

trons and holes, Rn and Rp are the recombination rates
for electrons and holes, and q is the magnitude of the
charge on an electron.

In this case, the current densities are expressed in
terms of the quasi-Fermi levels ¢n and ¢p as:

o= —quanVe, 4)
]—p>= —quppVe, 5)

Where pn and pp are the electron and hole mobili-
ties. The first thing that needs to be specified is the mesh
on which the device will be constructed (Figure. 3). AT-
LAS uses triangular meshes. The used materials require
a different set of parameters to be specified or can be se-
lected from a library that includes a number of common
elements. These properties are defined by region.

After we defined doping profiles and structure
meshing, we choose ATLAS environment physical
model [11].
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Figure 3. A Generated finer mesh structure of the 3D
model.

An optical beam is adapted as a collimated source
which is vertical illumination from the top for C-MSM
and from the bottom for I-MSM. The beam is automati-
cally split into a series of rays such that the sum of the
rays covers the entire width of the illumination window.

Rays are also split at interfaces between regions into
a transmitted ray and a reflected ray [11].

The influence of the applied bias with illuminated condi-
tion, the opto-generation rate must be calculated by inte-

gration of the Generation Rate Formula:
G =1, %ae‘“y (6)

Where:
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P contains the cumulative effects of reflections, transmis-
sions, and loss due to absorption over the ray path.

no is the internal quantum efficiency which represents
the number of carrier pairs generated per photon ob-
served.

y is a relative distance for the ray in question.

h is Planck’s constant

A is the wavelength.

c is the speed of light

a is is the absorption coefficient.

Light incident on the surface of the MSM structure

is absorbed within the underlying semiconductor result-
ing in the creation of electron-hole-pairs [4].
The choice of numerical technique in solving equations
of semiconductors can strongly affect both the conver-
gence and CPU time required to complete a simulation
run.

3. RESULTS AND DISCUSSION

The dark current is the leakage current when the
photodetector is under bias but not exposed to the light
source. The basic transport processes for a Schottky di-
ode with n-type semiconductor under reverse bias are (1)
emission of electrons from the semiconductor over the
potential barrier into the metal, (2) quantum mechanical
tunneling of electrons through the barrier, (3) recombina-
tion in the space-charge region, (4) diffusion of electrons
in the depletion region, and (5) holes injected from the
metal that diffuse into the semiconductor, (6) hopping of
carriers between localized, defect related states, (7) tun-
neling to and from trap states within the bandgap [12]
[13].
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Figure 4. Dark current of the photo-detector Metal-
Semiconductor-Metal.

In Figure. 4 we give the dark current for a 1-um
InGaAs detector with an interdigital spacing of 1 um.
The dark current is substantially independent of the bias

Advances in Engineering Research, volume 210

applied to the photodiode. Both the W-MSM’s and I-
MSM exhibited low dark current, for both devices it was
less than 0.4 nA for applied biases up to 10V, and the
breakdown voltages were between 15 and 20 V.

Both types of MSM’s were optically excited at
1.3um by a Gaussian pulse, the transient illumination
with 10 ps rise time. The photoresponse is a strong func-
tion of speed of the devices. The simulated transient cur-
rent pulses shown in Figure. 5 and 6.
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Figure 5. Transient response of I-MSM.

This tail is caused by carriers which pass deep into
the InGaAs and the carrier collection times are conse-
quently limited. Fig. 6 shows, then, that for short carrier
collection times-which means a fast pulse response-the
InGaAs layer must be thin enough to eliminate the longer
carrier paths which loop down into the material.

The I-MSMs have slower response than W-MSM
because carriers are created underneath the electrodes,
thus resulting in longer collection time. FWHM=35ps
and 20 ps and rise time is 16ps and 15ps for I-MSM and
W-MSM respectively, the Figure. 5 shows that long tail
with heavier holes moving more slowly than electrons.
As a result, the electrons quickly collect at the contacts,
since they drift with high velocities both in the high-field
region near the surface and in the low-field region in the
bulk of the diode. Unlike holes, whose drift velocity
drops continuously as the field decreases (Figure. 7), the
electrons acquire a maximal drift velocity in a relatively
low field.
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Figure 6. Transient response of W-MSM.
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Figure 7. Distribution of electrical field in I-MSM.

For I-MSM and W-MSM (Figure. 8 and 9), simu-
lation shows that after all electrons have left the active
region, many holes still remain inside the diode, causing
an extended tail in the impulse response of planar MSM
diode and reducing the quantum efficiency.
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Figure 8. Hole concentration of W-MSM.
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Figure 9. Hole concentration of I-MSM.

4. CONCLUSION
The main objective of this research was to simulate the
photodetector in three dimensional, and develop process
and device technologies that directly affect the perfor-
mance of photoconductive photodetector used in high
power microwave generation. The Silvaco suite was ex-
tensively used in this research on semiconductor devices.
Inverted MSM have been simulated to demonstrate
that’s a high quantum efficiency device with fast transi-
ent response. These I-MSM is compared with W-MSM
and it is found that the responsivity of the I-MSM is
larger than the W-MSM. This W-MSM is attractive pho-
todetector for high speed integrated commuications ap-
plications with alignement tolerance due to the large size
of these detectors relative to p-i-n detectors with the same

capacitance [1].
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