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Photovoltaic laser power converters (LPCs) are being
used more and more often to establish remote (with energy

transmission via optical fiber or open channels) power
supply of systems and devices. Currently available high-
power lasers cover several key spectral wavelength ranges,
including those corresponding to the atmospheric trans-
parency bands (for open energy transmission channels) and
optical fiber transparency windows (for the corresponding
transmission lines). Of the utmost interest are the spectral
ranges that are covered both by readily available high-power

sources of laser radiation (800−860, 1064 nm, etc.) and
by efficient semiconductor LPCs

”
tuned“ to the chosen

wavelength of laser radiation and optimized in design and
functional parameters for operation at high illumination
intensities [1–4].
The need for wireless or fiber-optic power supply for

devices (test and diagnostic equipment, etc.) positioned in
regions with high levels of radiation exposure, which include

outer space and unshielded sites in the proximity of atomic
(nuclear) reactors, charged particle accelerators, isotope
sources, and other objects, necessitates the development of
heterostructures for radiation-resistant LPCs. One effective
way to enhance the radiation resistance of LPCs is to reduce
the thickness of photoactive layers while maintaining the
fraction of absorbed radiation by incorporating a Bragg
reflector (BR), which acts as a selective mirror (for radiation
with a wavelength corresponding or close to the fundamen-
tal absorption edge of the material) and a rear potential
barrier for photogenerated carriers, into the structure [5,6].
The results of radiation degradation studies for GaAs LPCs
within the 800−860 nm range have been widely reported,
since this semiconductor material is used in solar cells on
spacecraft [7,8].
InxGa1−xAs subcells with up to 30% of In are touted as a

narrow-band cascade (with photosensitivity up to 1200 nm)
of monolithic multi-junction solar cells [9]. However,
published data on their radiation resistance are extremely
scarce [10,11].

In the present study, we discuss design solutions for LPCs

based on metamorphic InxGa1−xAs heterostructures with

BR optimized for efficient conversion of high-power laser

radiation (LR) with a wavelength of 1000−1100 nm and

assess their radiation resistance under irradiation with high-

energy (2 and 4.5 MeV) electrons.

Metamorphic InxGa1−xAs heterostructures for LPCs

were fabricated by metalorganic vapor-phase epitaxy in

a laboratory-scale AIX 200/4 reactor [8,12] (Figure 1).
The spectral photosensitivity within the target wavelength

range was maximized with an In content of 17−21%.

BRs were formed from 12−18 pairs of InxAl1−xAs and

Inx(GaAl)1−xAs layers. The thicknesses BR layers were

calculated based on the spectral dependences of the re-

fraction index obtained in accordance with the procedure
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Figure 1. Schematic diagram of the metamorphic LPC hetero-

structure for radiation resistance tests: BL — buffer layer, BR —
Bragg reflector, and MB — metamorphic buffer.
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Figure 2. Spectral dependences of photosensitivity of experimen-

tal LPC samples based on In0.17Ga0.83As heterostructures with BR

and different thicknesses of the base region prior to irradiation with

2MeV electrons with a fluence of 5 · 14 e/cm2 (solid curves) and

after it (dashed curves). The dependences were plotted without

account for optical losses due to radiation reflection.

outlined in [13]. It was established that the optimal BR

version has InGaAlAs/InAlAs structure a structure based

on In0.17(Ga0.88Al0.12)0.83As/In0.17Al0.83As materials with a

reduced level of absorption of long-wave radiation in the

reflector layers and their series resistance reduced due to

the use of tellurium as a dopant [14].
The optical processes of transmission and absorption of

radiation in photoactive layers, reflection from LPC, and self-

absorption in BR were studied within the target wavelength

range of 1000−1100 nm. The use of an extremely thin

active region was the proposed design solution for the LPC

structure with BR that should ensure an increase in radiation

resistance.

Structures with an active region in the In0.17Ga0.83As

material were grown: emitter, 500 nm; base layer, 3000,

1400, or 450 nm; In0.17(Ga0.88Al0.12)0.83As/In0.17Al0.83As
BR, 18 pairs of layers. With the chosen composition of the

active region, the spectral sensitivity of experimental LPCs

was maximized at a wavelength of 1020−1030 nm and

reached ∼ 0.74 and ∼ 0.69A/W for samples with a base

region of 1400−3000 and 450 nm, respectively. The slightly

weaker photoresponse of the thin-base LPC is attributable

to the incomplete absorption of radiation reflected from the

BR. The difference may also be attributed in some degree

to the quality of the metamorphic base layers and variations

in tuning of the optical BR characteristics in the fabricated

structures.

A set of In0.17Ga0.83As LPCs 3×3.4mm in size with

a 2.8×2.8mm photoreceiving surface, which included

current-collecting buses with a width of 5µm and a pitch

of 100 µm, was prepared for radiation resistance tests.

Experiments on irradiation of LPCs with 2 and 4.5MeV

electrons were performed through to the maximum fluence

of 1 · 16 e/cm2.

Their results, which are presented in Figures 2 and 3,

revealed that the LPC based on the heterostructure with

a thin active region (450 nm base layer) outperformed the

other structures throughout the entire fluence range. The

reduction in spectral sensitivity at the target wavelength for

the LPC with a thin base was no greater than 15% at a

fluence of 1 · 15 e/cm2, while the corresponding reduction

magnitude for samples with base layer thicknesses of 1400

and 3000 nm was 31 and 40%, respectively. It should be

noted that BR loses its importance in providing radiation

resistance of LPCs in structures with a thick (3000 nm) base
layer: identical degradation dependences of photoelectric

parameters were recorded for devices with and without

a built-in reflector. All LPC designs demonstrated the

same pattern of reduction of the open-circuit voltage with

increasing fluence.

The tests revealed that a reduction in thickness of the

InxGa1−xAs base in the heterostructure from 3000 to
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Figure 3. Spectral sensitivity at target wavelength

λ = 1020 nm (a) and efficiency at a laser radiation power

density of 5W/cm2 (b) for experimental LPC samples based on

In0.17Ga0.83As heterostructures with BR as functions of the fluence

of electrons with energies of 2 and 4.5MeV. Experimental points

are shown in the dependencies for LPC samples with a base region

thickness of 450 nm.
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1400 nm does not exert any significant influence on the

radiation resistance of the LPC. At the same time, when

the LPC base is reduced further to 450 nm, one gains

an advantage in spectral sensitivity and efficiency over

LPCs with a thick base that is already visible at fluences

> 1 · 13 e/cm2 of electrons with energies of 2 and 4.5MeV.
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