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High-Performance Lateral Metal-Germanium-Metal
SWIR Photodetectors Using a-Si:H Interlayer for
Dark Current Reduction

Harshvardhan Kumar

Abstract—In this work, we propose the lateral metal-ger-
manium-metal photodetectors (PDs) structure on the silicon-on-
insulator platform for short-wave infrared (SWIR) applications.
The proposed device utilizes the highly n-doped amorphous silicon
(a-Si:H) interlayer between metallic contact and low r-doped ger-
manium active region to achieve a low dark current. Additionally,
the tuning of Schottky barrier height (SBH) by the selection of
various metallic contacts (Cr/W/Mo) has been investigated in order
to achieve a large reduction in dark current. With a-Si:H interlayer
and Mo metallic contacts at both anode and cathode terminals, the
simulated energy band diagram shows that an effective increase in
SBH of 0.17 eV and 0.766 eV for electrons and holes, respectively,
and thus acts as barriers for electron and hole dark currents. The
result shows that the Mo metallic contact device manifests the least
dark current (dark current density) of 0.27 pA (0.027 mA/cm?) at
Vbias of 0.25 V and compared to Cr contact, it has been signifi-
cantly decreased by two orders of magnitude. In addition, with Mo
contact, the proposed device achieves the photogenerated-to-dark
current (I,p,/I4qr-r) ratio and the responsivity of ~ 1.7 x 10°
and 0.96 A/W, respectively at . = 1.55 pm with Vy,;.¢ of 0.25 V.
Furthermore, the proposed Mo-Ge-Mo PD shows high detectivity
(NEP) of 9 x 10! emHz"?W~! (~ 3 x 1071WHz %), which is
nearly 15 (one order lower) times higher than those of Cr-Ge-Cr
PD. The results hold great potential for optoelectronic applications
requiring low-power Ge-based PD.

Index Terms—High-performance, high detectivity, high
sensitivity, low dark current, photodetectors, short-wave infrared.

1. INTRODUCTION

PPLICATION for light detection in the short-wave in-
A frared (SWIR) regime (1-8 pm) ranges from fiber-optic
telecommunications [1] to the detection of trace gases [2], bio-
medical [3], [4], [5], imaging, and night-time surveillance[6],
etc. Currently, the optical components working in the low-loss
window (1.3—1.6 m) have completely replaced the earlier metal
interconnects, due to their extremely high data exchange rate
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(>10 GB/s) [7]. In the past decade, a variety of photodetectors
(PDs) using Ge, InGaAs, PbS, and HgCdTe are being used in
SWIR bands [8], [9], [10], [11]. Among these, lattice-matched
InGaAs/InP detectors have proved to be the most efficient PD
for SWIR (0.9-1.7 pm) applications because of their excellent
quantum efficiency and low dark current at ambient tempera-
ture[12]. However, the present Si IC technology is incompatible
with the III-V and II-VI compounds [13]. Ge, on the other
hand, offers inherent benefits over the current III-V and II-VI
compounds, including a high SWIR band absorption coefficient,
low cost, and compatibility with CMOS technology [14], [15].
Therefore, Ge-based PDs can be a potential optical device
for advanced group-IV photonics technology (more precisely
known as Si photonics). Additionally, Ge metal-semiconductor-
metal (MSM) PDs have a number of benefits over Ge p-i-n
and avalanche PDs, including reduced junction capacitance,
ease of fabrication, and high bandwidth[16], [17]. However, the
thermionic emission at the Schottky contact and low electron and
hole Schottky barrier height (SBH) result in a large dark current
of MSM PDs. As aresult, Ge MSM PDs result in poor detectivity
and sensitivity. The high shot and thermal noise currents, which
can also be caused by the large dark current, can lead to low
signal-to-noise ratios (SNR) and excessive power consumption
of PDs.

In recent years, to reduce the dark current of Ge MSM PDs,
several techniques have been employed. For example, the inser-
tion of a thin layer of wide bandgap materials between the metal
contact and Ge such as SiC [18], a-Ge [19], and the introduction
of TiO, as an interlayer [20]. In addition, the introduction of
asymmetric metal contacts has also been employed to suppress
the dark current [8]. Based on the literature, it can be concluded
that the introduction of wide bandgap materials significantly
affects the diminution of dark current [18]. However, the use of
the above techniques may result in poor quantum efficiency due
to the limited collection of photogenerated carriers. Recently,
Dushagq et al. reported reduced dark current Ge-on-Si (GOS)
MSM PD using a-Si:H interlayer without affecting the photo-
generated carrier’s collection [7]. However, still, Ge MSM PD’s
performance is not comparable with the commercially available
Ge and InGaAs PDs [9], [21]. This makes it difficult to develop
high-performance (in terms of high responsivity and low dark
current) Ge MSM PDs for SWIR applications. Therefore, it is
necessary to investigate the techniques to reduce the dark current
by large orders to achieve high-performance PDs in terms of
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high on-off ratio, responsivity, detectivity, and sensitivity in the
SWIR regime.

In this work, we study theoretically the lateral Ge MSM
PDs on silicon-on-insulator (SOI) platform using finite element
method (FEM) simulations. To minimize the dark current, the
proposed PD structure utilizes a thin layer of amorphous silicon
(a-Si:H) between the metal contact and the Ge active layer.
Moreover, over the Si platform, the SOI substrate provides
low junction capacitance, thus resulting in high speed 3dB
bandwidth. Also, the SOI platform helps in reducing power con-
sumption. In the proposed lateral structure, the metal contacts are
placed far away resulting in low reflectivity of the incident light,
and thus, high optical confinement can be found in Ge active
layer. Here, we have also investigated the effect of different
metallic contacts such as chromium (Cr), tungsten (W), and
molybdenum (Mo) to get high electron and hole SBH, and thus a
significant reduction in dark current can be obtained. The impact
of the distance between two electrodes and the thickness of the
Ge active layer on the frequency response of the proposed PD
has also been studied. Finally, we have optimized the proposed
device structure to achieve high responsivity, detectivity, and
sensitivity at SWIR bands.

II. DEVICE DESIGN AND MODELING

The FEM simulation of the proposed two-dimensional (2-D)
device structure has been done using COMSOL Multiphysics
software using the electrostatic mode (to calculate the energy
band diagram and dark current). In this mode, the governing
continuity equation combined with Gauss’s law is given as [22];

V.- (—ee,VV)=p (1

where, €y and €, are the free-space permittivity and relative
permittivity of the material, respectively. V" and p are the elec-
trostatic potential and space-charge density, respectively. To
study the impact of illumination on the proposed MSM PD, we
have used semiconductor-electromagnetic wave coupling (mul-
tiphysics) and the governing equation for the electromagnetic
wave (frequency domain, 2-D structure) can be given as [23];

qurl(VXE)k?)(erw)EO )
Wep

E(z,y,2) = E (z,y) exp (—ik,z) 3)
where, p,. is the relative permeability and o is the conductivity
of the material. kg and k. are the free-space and out-of-plane
wave numbers, respectively. w is the angular frequency and
is the electric field.

In this study, a plane wave is used as the light source (0.5
1W in the spectral range of 1.2-1.9 ;m) normally incident on
the proposed lateral Ge MSM structure, and FEM analysis is
used to quantify the reflection loss (in terms of reflectivity).
By using an anti-reflective coating, the reflection loss can be
greatly decreased (discussed in-depth later). On the Ge PD
surface at 1550 nm, the simulation reveals a low reflection loss
(20%). As a result, the EQE may possibly be higher than 75%
to enable sensitive photodetection. A 250-W quartz tungsten
halogen (QTH) lamp can be used to measure the reflectivity
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Fig. 1. (a) Two-dimensional schematic of our designed lateral Ge metal-
semiconductor-metal photodetectors with a-Si:H interlayer. Simulated energy
band diagram and flow of currents of the proposed device [device-C] (b) Without
and (c) With a-Si:H interlayer.

(reflection loss) and optical responsivity for the real (fabricated)
device. Using a microscope, the light source will be scattered
by a monochromator, chopped at 190 Hz, and then incident
normally on the Ge MSM PDs [24]. A commercially available
extended InGaAs PD (S148C, Thorlabs) can detect the reflected
light intensity to determine the reflectivity (reflection loss) [24].

The 2-D schematic of the proposed device structure on the
SOI platform with a cross-sectional area of 30 um? is depicted
in Fig. 1(a). Both electrodes (anode and cathode terminals) are
of Schottky contact (metal-semiconductor) with a thin a-Si:H
interlayer. To achieve the highest photodetection efficiency, it is
required to deplete the Ge active region. Therefore, particularly,
the a-Si:H interlayer is kept highly doped and the Ge active layer
is lightly doped to keep the maximum depletion region in the
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TABLE I
VALUES OF BANDGAP ENERGY AND ELECTRON AFFINITY OF GE AND A-SI:H
INTERLAYER [25], [26], [27]

Material Bandgap (eV) Electron affinity (eV)
Ge 0.664 4.0
a-Si:H 1.5 3.93
TABLE II

THE VALUES OF WORK FUNCTION METAL USED IN THIS WORK [28]

Metals Work function ¢, (eV)
Chromium (Cr) 4.5
Tungsten (W) 4.55
Molybdenum (Mo) 4.6

TABLE III
CALCULATED VALUES OF ELECTRON AND HOLE SBH WITHOUT AND WITH
A-SI:H INTERLAYER

Device(s) MSM SBH (in eV)
Without a-Si:H With a-Si:H
Pe Pp Pe Pp
A Cr-Ge-Cr 0.5 0.164 0.57 0.93
B W-Ge-W 0.55 0.114 0.62 0.88
C Mo-Ge-Mo 0.6 0.064 0.67 0.83

*Here, @, and @, are the electron and hole SBH, respectively.

Ge active region. The a-Si:H interlayer was highly n-type doped
(~10" ¢cm™3) and the 1-um thick Ge active layer was lightly
n-type doped (~10'® cm~). The bandgap energies electron
affinities of the Ge and a-Si:H used in the simulation have
been taken from [25], [26], [27] and their exact values are
given in Table I. Three metal contacts (Cr/W/Mo) are consid-
ered in this work and their work function values are given in
Table II.

The Mo-Ge-Mo PD’s simulated energy band diagram without
an a-Si:H interlayer is shown in Fig. 1(b). Additionally, it
demonstrates the device’s current flow mechanism. As shown
in Fig. 1(b), electron SBH of ~0.6 eV and a very low hole SBH
of 0.064 eV form at the metal-semiconductor interfaces owing to
severe Fermi-level pinning [7], [28], [29]. The device, therefore,
shows a significant dark current.

Fig. 1(c) shows the energy band diagram of the proposed
structure with the enhanced SBH for both electrons (0.67 eV) and
holes (0.83 eV) by introducing a-Si:H interlayer between metal
and Ge active layer. The large bandgap energy of a-Si:H (~1.5
eV) and high tunneling resistance can considerably suppress the
dark current into the device without affecting the photogenerated
carrier’s collection.

In this work, we have considered three different devices such
as device-A: Cr-Ge-Cr, device-B: W-Ge-W, and device-C: Mo-
Ge-Mo. We estimated the SBH for all three devices (their values
are given in Table III), both with and without an a-Si:H interlayer,
to better understand the mechanism of dark current flow. The
calculated values reveal that with the introduction of a-Si:H
interlayer and by selecting the proper metal contact, electron
and hole SBH can be enhanced by a large amount, and thus,
significant dark current magnitude reduction of the device can
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Fig. 2. The proposed device’s simulated reflectivity spectra for various SiO2

AR layer thicknesses.

be achieved. Based on the calculated values of SBH with a-Si:H
interlayer, Device-C could perform the best among the other
two devices in terms of decreased dark current, responsivity,
detectivity, and sensitivity.

In addition, to get the minimum reflectivity of the incident
light (reflection loss), the proposed PD structure is coated
with the SiO, antireflective layer (AR). The low reflectiv-
ity of the normally incident light results in the high respon-
sivity of the device. Fig. 2 shows the simulated reflectivity
spectra of the device with different thicknesses of the SiOq
layer. The result demonstrates that reflectivity slightly decreases
with the increase of SiOg layer thickness and its values are
nearly constant in the spectral region of 1.3—1.7 um. For SiO»
layer thickness of 100-500 nm, the reflectivity of the device
lies between 20-30% in the spectral region of 1.3—-1.7 pm.
Therefore, in this work, from the fabrication perspective, the
optimal SiOy layer thickness of 300 nm has been consid-
ered to calculate the device responsivity and other important
metrics.

III. RESULTS AND DISCUSSION
A. Current-Voltage Characteristics

Usually, the current of the MSM devices increases exponen-
tially with the applied voltage and may be fitted by the diode
current equation (1), which suggests a thermionic emission at
the metal-semiconductor heterointerface[28], [30]:

T(V)=J (V) A= AxJp [exp <nZZT> _ 1] @)

where A denotres the device cross-sectional area, ¢ denotes the
charge of an electron, V' denotes the applied bias voltage, n
denotes the ideality factor, kp denotes the Boltzmann constant,
and T denotes the absolute temperature (in K). Jy denotes the
saturation current density and the following equation may be
used used to compute it [7], [28];

Jo = A*T2e a¢B/KT (5)
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Fig. 3. (a) Variation of simulated dark current with the applied bias voltage
for device-a without and with a-Si:H interlayer. (b) and (c) Dark current and
dark current density for all proposed PDs with a-Si:H interlayer at ambient
temperature. (d) Photogenerated-to-dark current ratio of all proposed PDs with
a-Si:H interlayer at A = 1.55 um for a fixed bias voltage of 0.25 V.

where A* denotes the effective Richardson constant and pp
denotes the SBH. By extrapolating as a y-axis intercept from the
linear fluctuation of log(J/) in forward bias, (4) may be utilised
to determine the SBH between Ge/metal interface.

Atroom temperature, the simulated current-voltage (I-V), cur-
rent density-voltage (J-V), and photogenerated-to-dark currents
(Ipn/Idarr) ratio are all shown in Fig. 3. Fig. 3(a) demon-
strates the dark current without and with a-Si:H interlayer for
device-A. At V = 0.25V, device-A designed without and with
an interlayer exhibits a dark current of ~0.23 nA and ~14.2
pA, respectively. This result clearly indicates that the introduc-
tion of a-Si:H interlayer reduces the dark current of Device-A
by nearly two orders. The large dark current of the proposed
conventional device (without interlayer) is due to the severe
Fermi-level pinning. Next, dark current (dark current density)
for all three devices with an interlayer have also been estimated,
as shown in Fig. 3(b) and (c). At V = 0.25 V, the dark current
(dark current density) values are ~14.2 pA (~1.42 mA/cm?),
~1.97 pA (~0.19 mA/cm?), and ~0.27 pA (~0.03 mA/cm?) for
device-A, B, and C, respectively. Based on these findings, it can
be shown that device C has much lower dark current values than
devices A and B. The behavior can be explained based on the
increased electron and hole SBH for device-C. When comparing
the findings of our work to those from other publications, the
proposed work indicates a dark current for device-C of 0.27 pA,
which is much less than the dark currents for previously reported
devices of~1 pA [20] and ~0.1 nA [7] (here, the comparison
has been made at V = ~0.25 V).

Fig. 3(d) shows the calculated photogenerated-to-dark current
ratio for all three devices with an interlayer. All proposed devices
show a very high value of I, /I ratio due to high pho-
togenerated carrier collection efficiency. However, particularly,
device-C exhibits I, /I 4,1 ratio 107.1 and 12.93 times higher
than those for device-A and B, respectively. This high value of
I/ Lgary ratio for device-C is due to a very low dark current.
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Fig. 4. (a) Simulated absorption coefficient of the proposed structure at room
temperature. (b) Optical responsivity of the proposed PDs with a-Si:H interlayer
atV=0.25V.

B. Absorption Coefficient and Responsivity Spectra

The optical characteristics of the proposed PD have been
investigated by calculating the absorption coefficient and optical
responsivity in the 1.2-1.9 pm wavelength region. Fig. 4(a)
shows the simulated absorption coefficient of various layers of
the designed device at A = 1.3 um, 1.55 pm, and 1.65 pm. Typi-
cally, the absorption coefficient () is given as a < /hv — E,
and is greatly affected by the photon energy (hv) and material
bandgap energy (Ey) [31]. The result shows that the absorption
coefficient is zero for SiOy AR and SOI substrate. The large
bandgap energy of Si (E; (Si) = 1.1 eV, which corresponds
to an absorption cut-off wavelength of 1.1 um), thus, makes
Si-based PDs unsuitable for photodetection in the SWIR region.
However, the Ge active layer offers a very high absorption
coefficient at A = 1.3 pm, 1.55 pum, and 1.65 pm. Therefore,
the Ge active layer in this study is primarily responsible for the
device’s optical responsivity. The inset of Fig. 4(a) shows the
normalized absorption coefficient of the Ge MSM PD at different
operating wavelengths and its values for the Ge active layer are
~2.7x 10 em™!, ~3.06 x 10* cm ™!, and ~2.81 x 10* cm™*
at A = 1.3 pum, 1.55 pm, and 1.65 pum, respectively. This
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optical characteristic makes Ge-based PDs suitable for SWIR
bands. The high absorption coefficient of Ge is mainly due to its
quasi-direct bandgap nature and small bandgap energy.

The photoresponse of the Ge MSM PDs with an interlayer
was then described for V = 0.25 V at room temperature in terms
of optical responsivity.The optical responsivity () can be cal-
culated using the relation, ® = Ipn/Pin = (Lot — Ldark)/Pin
[32], where I,;, and P, are the photogenerated current and the
power of incident optical signal, respectively. For the proposed
device with an a-Si:H interlayer, Fig. 4(b) illustrates the cal-
culated responsivity with operating wavelength. The calculated
responsivity spectra show that the proposed PDs can detect the
optical signal in the SWIR range (1.2-1.7 um). At = 1.55 m,
Device-C has an optical responsivity of 0.96 A/W compared to
Devices-A and B’s respective values of 0.47 A/W and 0.54 A/W.
The lower optical responsivity values of device-A and B are
expected because of their high dark current. The above value for
responsivity for device-C is higher compared to earlier reported
results of Ge MSM PD with calculated responsivity in the range
of 0.1-0.6 A/W at A = 1.55 pum [7], [33]. The suggested device’s
high responsivity is a result of its low optical losses and reduced
dark current.

C. Analysis of Detectivity and NEP

Another important optoelectronic metrics of the PD are detec-
tivity (D*) and the noise-equivalent-power (NEP). The detec-
tivity explains the smallest optical signal (minimum detectable
power) that can be detected in the midst of noise. On the contrary,
NEP measures the PD’s sensitivity and by taking the inverse of
NEP, one may calculate the device’s sensitivity. Therefore, high
detectivity and low NEP are desired for high-performance PDs.
Mathematically, the detectivity and NEP, can be calculated as
[27], [32], [34], [35], [36];

1/2
(qudark:)l/Q
NEP = 2= Yoerd 2‘1[‘;;”“Af (7

where R denotes the optical responsivity, A denotes the illu-
mination area (in cm?), q denotes the charge of an electron,
Ijqrk denotes the dark current, and A f denotes the bandwidth
(here, A f = 1 Hz has been considered [34]). Equations (6)-(7)
reveal that the reduced dark current for the PDs will lead to
high detectivity and sensitivity. The calculated detectivity and
NEP values under V = 0.25 V for all devices are shown in
Fig. 5(a) and (c), respectively, and their comparative values at
A = 1.55 pm for all devices are shown in Fig. 5(b) and (d),
respectively. At A = 1.55 pum, the peak values of detectivity are
6 x 10°, 2 x 10, and 9 x 10'* cmHz"?W~! for device-A,
B, and C, respectively. Similarly, at . = 1.55 pm, the minimum
values of NEPare ~ 5 x 10715, ~ 1 x 10715, and ~ 3 x 10716
W/HZ%> for device-A, B, and C, respectively. Based on these
calculated results, it can be concluded that device-C is better than
A and B under V = 0.25 V at A = 1.55 um. Device-C exhibits
high detectivity and low NEP due to its significant reduction of
dark current and high optical responsivity. Additionally, all three
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Fig. 5. Calculated detectivity and NEP of the proposed Ge MSM PD with
a-Si:H interlayer. (a) and (c) Detectivity and NEP as a function of wavelength,
respectively. (b) and (d) Detectivity and NEP values for device-A, B, and C at
A = 1.55 pm for a fixed bias voltage of 0.25 V.

proposed devices (A, B, and C) have detectivity values that are
equivalent to or even greater than the currently available Ge PDs
at A = 1.55 pm [21], [37].

D. Frequency Response: 3dB Bandwidth

In photonic integrated circuit (PIC) systems, PD is one of
the important optical devices, used to detect the modulated
optical signal at high speed. Thus, the key metric of PD is 3dB
bandwidth ( f345). Generally, the 3dB bandwidth of PD depends
on both the RC time constant and carriers’ transit time (time
taken by the photogenerated carriers to travel through the Ge
active region before being collected by the contacts). To reduce
the RC time constant, the junction capacitance (C)q) and load
resistance (Ry,) should be small. Furthermore, the transit time
of MSM PD can be reduced by minimizing the distance between
two electrodes. The RC-limited, transit time-limited, and overall
3dB bandwidths of the PD can be calculated using [27], [32],
[33], [34];

1
3.5v
fi= Srdun 9
AR
i = | [ —— - 10
f3aB [(fRC) + (ft) 1 (10)

where v is the drift velocity of Ge (~6.5 x 10° cm/s [38])
and d,ps denotes the seperation between two electrodes. The
junction capacitance for the proposed PD is 1.13 fF and the
load resistance of 50 2, has been considered to calculate the
bandwidth of the designed device (Fig. 6).

As shown in Fig. 6(a) shows the calculated RC and transit
time-limited bandwidths as a function of the distance between
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of 3dB cut-off frequency with the distance between two electrodes and Ge active
layer thickness.

TABLE IV
CALCULATED RBW PRODUCT FOR THE PROPOSED PD AT ROOM TEMPERATURE

Proposed PD Devices
A B C
RBW product (A-GHz/W) 33.84 38.88 69.12

two electrodes. We can observe that frc is independent of dgps
but f; of PD strongly depends on dps. fi decreases with the
increasing d,ps. Comparatively, Fig. 6(b) demonstrates the cal-
culated RC and transit time-limited bandwidths with the varying
Ge active layer thickness (dge). The result reveals that the Ge
active thickness doesn’t have any impact on f;, however, frc
increases with the increasing dg.. Fig. 6(c) demonstrates the
calculated 3dB cut-off frequency as a function of dps and dge.
f3ap decreases significantly with the increase of d;s, however,
it is nearly constant with the increase of dg.. In other words,
f3ap is strongly affected by the distance between electrodes and
itis less affected or unaffected by the change in active layer thick-
ness. Therefore, it can be concluded that f3,5 is mainly limited
by the carriers’ transit time for the proposed MSM PD. Thus,
if the distance between two electrodes is small, then high 3dB

bandwidth can be achieved. Next, the responsivity-bandwidth
(RBW) product can be estimated using (10) and expression for
responsivity (given in Section III-B). Their calculated values

for all proposed devices are given in Table IV. Generally, high

RBW product is desired for high-performance PD in order

to achieve high-speed and photosensitivity. The active layer
thickness, however, causes a trade-off between the optical re-

sponsivity and bandwidth. In this work, this trade-off has been
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TABLE V
PROPOSED PD’S ESTIMATED ENERGY CONSUMPTION VALUES AT ROOM
TEMPERATURE
Proposed PD Devices
A B C
Ep 0.24 fJ/bit  0.21 fI/bit  0.12 {J/bit
TABLE VI

COMPARATIVE ANALYSIS OF PERFORMANCES OF EARLIER REPORTED GE MSM
PDs AT ROOM TEMPERATURE

Ge PDs Jiark (A/cnr®) Liarc R (A/W) L(um) S/E*
Ge-on-SOI[18] 8.52 x 1072 11.5nA @1V 0.53 1.55 E
Ge-on-Si[41] 0.025 100 nA 0.12 1.55 E
@-1v
Ge-on-Si[8] 0.1 - 0.85 1.55 E
Ge bulk[20] 2.8x 1072 2.8 pA @1V 0.18 1.55 E
Ge-on-Si[42]  ~1x 1075 - ~0.6 1.55 S
Ge[32] 9x107° 0.54 pA@-2V ~0.82 1.55 S
Ge[43] 10 nA @1.6V S
This work 3x 1075  0.27 pA @0.25V 0.96 1.55 -
(Ge-on-SOI)

*S: Simulation; E: Experimental

reduced by optimizing the active Ge layer thickness and the
distance between electrodes. Thus, the proposed device exhibits
high value of responsivity and bandwidth as well. As a result,
RBW product is significantly higher for our designed device.
Considering the distance between electrodes of 0.5 ym and Ge
layer thickness of 1 um, the frc, ft, and f34p of the proposed
PDs are ~2.8 THz, ~72.4 GHz, and ~72 GHz, respectively.
These high bandwidths show the potential for the realization of
high-speed PDs for SWIR applications.

E. Energy Consumption of Proposed PD

Estimating the received optical energy (£,) desired for a bit
allows for the analysis of PD’s energy consumption and it can
be expressed as [39], [40];

Ep = CpaVahe/Anq (11
where, Cpq denotes the PD’s junction capacitance and h is
the Planck’s constant. V; denotes the front-end amplifier’s sig-
nalling voltage (in this work, V; = 100 mV has been taken into
consideration [40]). ¢ denotes the speed of the free-space light, A
denotes the PD’s operating wavelength, and q denotes the charge
of an electron. 1 denotes the PD’s external quantum efficiency
(n < 1)anditcanbe calculated as, n = 12408 /A [32], where, R
denotes the spectral responsivity. The computed values of energy
consumption of PDs expressed in terms of energy/bit (E,) (E
p) for all devices are given in Table V.

The overview and comparison of several metrics of previously
published Ge PDs are shown in Table VI. This study demon-
strates that by introducing an a-Si:H interlayer between the metal
and the Ge active layer and by selecting the Mo metal contact
for both electrodes, it is possible to obtain reduced dark current,
excellent detectivity, sensitivity, and responsivity. In addition,
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lateral structure on the SOI platform has great potential for
high-performance PDs in PICs for SWIR applications.

IV. CONCLUSION

In conclusion, we have proposed the lateral metal-
germanium-metal PDs using a-Si:H interlayer for the dark cur-
rent reduction. The effect of various metallic contacts on the
dark current of the PDs has also been investigated. Mo metallic
contact at both the anode and cathode terminals reduced the dark
current of the Ge MSM PD by one and two orders, as compared
with W-Ge-W and Cr-Ge-Cr MSM PDs, respectively, due to its
enhanced SBH. Moreover, the proposed PD with Mo contacts
also showed record high responsivity (>0.96 A/W), detectiv-
ity (9 x 10! cmHz'">W "), and sensitivity (2.5 x 10° cm?/W)
for Vpias of 0.25V at A = 1.55 um. These values are higher
compared with Cr-Ge-Cr and W-Ge-W MSM PDs. The fre-
quency response of the device showed that 3dB bandwidth
depends significantly on the distance between both electrodes
(it is significantly affected by the carriers’ transit time), how-
ever, it is less dependent on the Ge active layer thickness. The
proposed PD with high responsivity, detectivity, sensitivity, and
large photogenerated-to-dark current ratio enables it for future
low-power and high-performance optoelectronic applications.
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