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The results of the development and research of a photodetector module based on AlGaAs/GaAs p−i−n
photodiodes at conversion of laser radiation in photovoltaic (without reverse bias) and photodiode (with reverse
bias up to 120V) operating modes are presented. Photodiodes grown by MOVPE epitaxy in the photovoltaic mode
under excitation by laser radiation at a wavelength of 810 nm with a power density of ∼ 500W/cm2 provided
efficiency ∼ 54%. The maximum output pulsed electrical power of the photodetector module when excited by
pulsed laser radiation with a peak power of ∼ 13W and a duration of ∼ 1.0 ns was 2.5W in the photovoltaic mode
and 8.0W in the photodiode mode, with a reverse bias of 120V.
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Photovoltaic conversion of laser radiation is used widely
in fiber-optic communication lines (FOCLs) and atmo-
spheric optic communication lines (AOCLs). Photodiodes
(PDs) based on InGaAs/InP heterostructures are normally
used in such systems. These diodes cover the 1.3−1.55 µm
spectral range of laser radiation and ensure long-distance
transmission of data in transparency windows within this
spectral range with minimal losses, which is necessary for
efficient operation of FOCLs and AOCLs.

The use of lasers and PDs based on heterojunc-
tions in the AlGaAs/GaAs system is promising for ra-
dio photonics devices with transceiver channels based
on short FOCLs [1–8] and AOCL systems [9]. These
PDs provide increased efficiency and power within the
800−860 nm spectral range for systems for energy and
data transmission over an optical channel. The maxi-
mum theoretical values of efficiency of photovoltaic con-
verters of laser radiation within the 800−860 nm wave-
length range reach 85% at a radiation power density
above 100W/cm2 [10]. The experimentally observed
efficiency levels are 54% at laser radiation power density
plaser = 1.4 kW/cm2 [11], 62% at plaser = 100W/cm2 [12],
and 68.9% at plaser = 11W/cm2 [13]. The conversion
efficiency is increased in heterostructure PDs by their
back wide-bandgap barrier for minority carriers and due
to the return of transmitted, unabsorbed, and optical
radiation produced in recombination of electron-hole pairs
left unseparated by the p−n-junction field [12,13] back to
the active region. In radio photonics and other information
and energy systems, the problem of improving the efficiency
of photovoltaic converters is coupled with the need to

increase the response speed with an increase in the output
power of photovoltaic converters of laser radiation [1–8].
In the present study, we report the results of examination

of fiber-optic photodetector modules based on an assembly
of high-power and high-speed AlGaAs/GaAs p−i−n PDs
that provide highly efficient photovoltaic conversion of high-
power subnanosecond pulses of monochromatic radiation
(810−850 nm). Photodiodes for photodetector modules
were fabricated based on of AlGaAs/GaAs heterostructures
grown by metalorganic vapor-phase epitaxy (MOS hydride
epitaxy). The structures featured an n-GaAs substrate
(ND = 2 · 1018 cm−3), an n-Al0.2Ga0.8As back potential
barrier 0.2µm in thickness, photoactive n- and p-GaAs
(ND , NA = 1 · 1018 cm−3) layers with an overall thickness
of 1.3µm, and an undoped

”
drift“ i-layer of GaAs 1.5 µm

in thickness sandwiched between them. A frontal wide-
bandgap p-Al0.13Ga0.87As layer 3µm in thickness with
an acceptor density raised to NA ∼ 1019 cm−3 helped re-
duce ohmic losses. PD chips with a photosensitive area
250−1000 µm in diameter were then formed. The ohmic
resistance per unit PD area was on the order of 10−4 �· cm2.
The capacitance–voltage characteristics (C–V characteris-

tics) of PDs with different photoactive areas were measured
(curves 1, 2 in Fig. 1, a). The capacitance was determined
using an LCR- meter at a signal frequency of 100 kHz.
According to the results of calculations based on the ex-
perimental C–V characteristics of PDs with a photosensitive
surface diameter of 300 µm (curve 3 in Fig. 1, a), the
background dopant density in the i-layer near the interface
with the p-layer was NA ∼ 4 · 1015 cm−3.
AlGaAs/GaAs p−i−n PDs designed with account for

impurity density NA ∼ 4 · 1015 cm−3 in the depletion i-layer
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Figure 1. a — Dependences of capacitances of p−i−n PDs (∅ 250−1000 µm) on the photoactive area: under zero bias (1) and under
a forward bias of 0.8 V (2); dependence C−2(U) for p−i−n AlGaAs/GaAs PDs (∅ 300 µm) (3) and its linear approximation (4). b —
Dependences of capacitances on forward bias for a p−i−n PD (∅ 300 µm) (1) and a photodetector module of 16 PDs (2).

were used in photovoltaic modules. The studied photodetec-
tor modules included 16 series-connected p−i−n PD chips
with a photoactive surface diameter of 300 µm mounted on
a heat-dissipating insulating microstrip ceramic board. These
modules were excited by laser radiation pulses transmitted
via multimode optical fibers with a core diameter of 200 µm.
Regardless of the diameter of multimode optical fibers, the
optical signal was introduced completely into the studied
p−i−n PDs in all measurements. The space between
the fiber ends and the photosensitive PD surfaces in the
photovoltaic module was filled with an immersion liquid
that had the same refraction index as the optical fiber.
Fiber transmission of energy allows for galvanic separa-

tion of transmitting and receiving energy modules, providing
greater protection against electromagnetic interference. The
designed PD module is intended to be used for conversion
of pulsed laser radiation in photovoltaic (without bias) and
photodiode modes. In the photovoltaic operation mode,
a p−i−n PD generates photovoltage. Therefore, the C–
V characteristics of individual PDs and the module under
forward bias need to be measured. The experimental C–
V characteristics of both an individual p−i−n PD and a
photovoltaic module of 16 PDs connected in series are
shown in Fig. 1, b. The capacitance values for individual
p−i−n PDs remain virtually unchanged at a forward bias
up to 0.5V. In the assembly of 16 PDs, the capacitance
remains constant up to 8V. The module of 16 PDs had the
following capacitance values: ≤ 5 pF without bias and up
to 7 pF with a forward bias of 10V.
The current–voltage characteristics (I–V characteristics)

of p−i−n PDs under load were measured with laser
radiation input from an optical fiber 50 µm in diameter with
a pulse duration of 66 µs and a repetition rate of 200Hz
at a wavelength of 810 nm within the 0.1−1.5 kW/cm2

power density range. Figure 2 presents the photovoltaic

PD parameters as functions of the laser radiation power.
The dependences of the short-circuit current (curve 1) and
the open-circuit voltage (curve 2) are shown in Fig. 2, a.
The maximum efficiency values (∼ 54%) determined from
the I–V characteristics under load were achieved within
the 400−700W/cm2 range of laser radiation power density
(curve 1 in Fig. 2, b).

Figure 3, a presents the results of measurements of
electrical photoresponse pulses of the photodetector module
containing 16 AlGaAs/GaAs p−i−n PDs in the photovoltaic
mode without reverse bias (curve 2) and in the photodiode
mode with reverse bias (curve 3). The measurement circuit
included p−i−n PDs connected in series in the module, a
load resistor (50�), and a reverse bias source. The output
pulsed on-load voltage was recorded by an oscilloscope with
a bandwidth of 7GHz and an input resistance of 50�. Thus,
the overall load resistance was 25�, which corresponded
to the optimum load point on the light I–V characteristic of
the module and provided the maximum output electrical
power. Figure 3, a shows also the shape of the laser
radiation pulse with a peak power of ∼ 13.0W (curve 1).
The obtained pulsed photoresponse characteristics were
used to calculate the following photovoltaic parameters as
functions of the applied reverse bias voltage varying within
the Urev = 0−120V range: the half-amplitude duration of
the electrical signal (curve 1 in Fig. 3, b) and the pulsed
electrical power (curve 2 in Fig. 3, b). The photoresponse
pulse duration decreased from ∼ 1 to 0.75 ns within the
Urev = 0−120V range. The maximum output pulsed
electrical power of the photodetector module at a laser
excitation power of ∼ 13.0W was Pout = 2.5W in the pho-
tovoltaic operating mode and Urev = 120V − Pout = 8.0W
in the photodiode mode under reverse bias. The reduction
in length of the photoresponse pulse of the photodetector
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Figure 2. Dependences of the following p−i−n PD parameters on the laser radiation power density (λ = 810 nm): a — short-circuit
current Isc (1) and open-circuit voltage Uoc (2); b — efficiency (1) and fill factor FF of the characteristic under load (2).
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Figure 3. a — Normalized pulse shapes of laser radiation (λ = 850 nm, P peak = 12.87W) (1) and of the photovoltaic module of 16
p−i−n PDs without bias (2) and with a reverse bias of 120V (3). b — Dependence of half-amplitude duration τ0.5 of electrical pulses at
the output of the photodetector module of 16 p−i−n PDs on reverse bias (1) and dependence of the peak photodetector module power
on reverse bias (P peak = 12.87W) at load resistance R load = 25� (2).

module under reverse bias is attributable to a reduction in
capacitance of p−i−n PDs.

The results of examination of a fiber-optic photodetec-
tor module based on 16 series-connected AlGaAs/GaAs
p−i−n PDs excited by laser radiation in photovoltaic
and photodiode operating modes were reported. The
efficiency of photodetectors with a photosensitive surface
diameter of 300 µm, which were used in the module,
reached ∼ 54% at a laser radiation power density of
∼ 500W/cm2. The duration of electrical pulses at the output
of the photodetector module was τ0.5 = 0.75−0.8 ns under
a reverse bias voltage varying within the Urev = 30−120V
range. These parameters were achieved due to the use of
well-designed p−i−n- PDs, the identity of their photovoltaic

characteristics, and the sophisticated technology of diode
mounting on a microstrip line with minimization of parasitic
inductances and capacitances in the module and matching
to an external load.

Conflict of interest

The authors declare that they have no conflict of interest.

References

[1] D. Wake, A. Nkansah, N.J. Gomes, C. Leithien, C. Sion,
J.-P. Vilcot, J. Lightwave Technol., 26 (15), 2484 (2008).
DOI: 10.1109/JLT.2008.927171

1∗ Technical Physics Letters, 2024, Vol. 50, No. 10



4 V.M. Andreev, V.S. Kalinovskii, N.A. Kalyuzhnyy, E.V. Kontrosh, A.V. Malevskaya, S.A. Mintairov

[2] H. Yang, C.L.L.M. Daunt, F. Gity, K.-H. Lee, W. Han,
B. Corbett, F.H. Peters, IEEE Photon. Technol. Lett., 22 (23),
1747 (2010). DOI: 10.1109/LPT.2010.2085041

[3] A.S. Cross, Q. Zhou, A. Beling, Y. Fu, J.C. Campbell, Opt.
Express, 21 (8), 9967 (2013). DOI: 10.1364/OE.21.009967

[4] E. Rouvalis, F.N. Baynes, X. Xie, K. Li, Q. Zhou, F. Quin-
lan, T.M. Fortier, S.A. Diddams, A.G. Steffan, A. Beling,
J.C. Campbell, J. Lightwave Technol., 32 (20), 3810 (2014).

[5] V.J. Urick, in Conf. on lasers and electro-optics, OSA
Technical Digest (online) (Optica Publ. Group, 2018), paper
SM1C.6. DOI: 10.1364/CLEO SI.2018.SM1C.6

[6] D.F. Zaitsev, V.M. Andreev, I.A. Bilenko, A.A. Berezovskii,
P.Yu. Vladislavskii, Yu.B. Gurfinkel’, L.I. Tsvetkova, V.S. Kali-
novskii, N.M. Kondrat’ev, V.N. Kosolobov, V.F. Kurochkin,
S.O. Slipchenko, N.V. Smirnov, B.V. Yakovlev, Radiotekhnika,
85 (4), 153 (2021) (in Russian).
DOI: 10.18127/j00338486-202104-17

[7] D.C. Scott, T.A. Vang, J.E. Leigth, D.V. Forbes, K. Everett,
F. Alvarez, R. Johnson, J. Brock, L. Lembo, Proc. SPIE, 4112,
75 (2000). DOI: 10.1117/12.399379

[8] B. Li, S. Tang, N. Jiang, Z. Shi, R.T. Chen, Proc. SPIE, 3952,
114 (2000). DOI: 10.1117/12.384390

[9] V.S. Kalinovskii, E.I. Terukov, Yu.V. Ascheulov, E.V. Kontrosh,
V.S. Yuferev, K.K. Prudchenko, A.V. Chekalin, E.E. Terukova,
I.A. Tolkachev, S.E. Goncharov, V.M. Ustinov, Tech. Phys.
Lett., 49 (1), 62 (2023).
DOI: 10.21883/TPL.2023.01.55352.19306.

[10] E. Oliva, E. Dimroth, A.W. Bett, Progr. Photovol.: Res. Appl.,
16 (4), 289 (2008). DOI: 10.1002/pip.811

[11] A.N. Panchak, P.V. Pokrovskiy, D.A. Malevskiy, V.R. Lari-
onov, M.Z. Shvarts, Tech. Phys. Lett., 45 (1), 24 (2019).
DOI: 10.1134/S1063785019010310.

[12] N.A. Kalyuzhnyy, A.V. Malevskaya, S.A. Mintairov,
M.A. Mintairov, M.V. Nakhimovich, R.A. Salii, M.Z. Shvarts,
V.M. Andreev, Solar Energy Mater. Solar Cells, 262,
112551 (2023). DOI: 10.1016/j.solmat.2023.112551

[13] H. Helmers, E. Lopez, O. Höhn, D. Lackner, J. Schön,
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