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Abstract. This paper presents the results of a study of the output electrical and spectral characteristics of subcells of 

ith an energy of 7 MeV and a fluence 3 × 1012 cm-2, 3 × 1013 cm-2 and 1 × 1015 cm-2. The spectra 
-

analyzed. The degradation curves of the 
short-circuit current density JSC, open-circuit voltage VOC Pmax and efficiency. The change in the diffusion 

conductor materials of the CSR converter subcells due to electron 
-circuit voltage for each subcell of the 

current degradation of the Ge subcell as a result of irradiation at a fluence of 1 × 1015 cm-2, the InGaAs subcell makes the 
 

INTRODUCTION  

-

relevant for modern spacecraft. Due to the CSR the CS area can be less than 1 cm2

the consumption of semiconductor materials per device. At the same time, the efficiency of the CSR converter can be 
higher than 40% compared to the most co 2 –  %. 
One of the converters advantages of this type is the effect of photo-injection annealing of the semiconductor structure, 

– 

characteristics of the SP and SC during their operation is mainly caused by the impact of ionizing radiation, the share 
 

result, on the output characteristics of the device encourages the study of this effect also in order to optimize the 
-junction converter structure causes difficulties in terms of 

requ  
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-  

EXPERIMENTAL PROCEDURE 

2 

 × 1012 cm-2, 3 × 1013 cm-2 and 1 × 1015 cm-2. Before and after 
irradiation, the I-
EQE (AM0, 25  (25 

 
It is necessary to set the JSC of the converter at 1X to measure the I-V characteristic of the CSR converter. In this 

JSC 
current of the SC is the current from the subcell generating the minimum current. 

from (0.03 –   did not exceed 3.2 V. In this case, 

the range from (200 –   
subcells – InGaP and InGaAs. 

RESEARCH METHODS 

Based on the measured characteristics of the CSR converter described above, the electrical parameters of the 
VOC  

–  
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JEL 
2 Emax i  is the energy at the 

maximum EL intensity corresponding to the subcell i EQE i is the EQE for the subcell i of the SC, 
 is the voltage offset, V. 

 
The data of the EL spectrum of the Ge subcell of the unirradiated CSR conver  
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JPhoto i 2
SC

OCV  is the open-circuit 
voltage obtained from the measurements of the I-V characteristic of the SC, V. 

 
The calculation of the VOC of the subcells after irradiati

determine the degradation coefficient of the diffusion length of the minor CC KL to calculate the Ge subcell. The data 
-ionizing energy loss (NIEL

NIEL 
to the found value, the corresponding KL KL(NIEL ata of the 
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L L0 is the diffusion length of the 
KL  is the fluence of 

the damaging particles, cm-2. 
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Ge
OCV 0 – the open-

Ge
nL 0 , 

Ge
pL 0  – the diffusion length of 

Ge
nL , 

Ge
pL – the diffusion length of the electrons and holes 

after irradiation, respectively, cm. 
 

 
 

3

1
  

* J(
3
1

i

SC
OC

Ge
OCiPhotoiELi VVJVV

. 
 

 
parameters of the CSR 

 

RESULTS AND DISCUSSION  

energy of 7 MeV and a fluence of 1 × 1015 cm-2: I-
 × 1015 cm-2 are analyzed, since the change in output characteristics 
 3 × 1012 cm-2 and 3 × 1013 cm-2  

-th 
 obtained SC I-

–  
 

x

e
e Cf 1lg1(

 
 

C x — approximation parameters. 
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FIGURE 1.  
a fluence of 1 × 1015 cm-2 – I- – – EL

 

   
   

FIGURE 2. Graphs of the dependence of the main electrical parameters of the CSR converters on the electron fluence: 
– short- – open- –  

 
emain almost unchanged until the fluence value is 

3 × 1013 cm-2  × 1015 cm-2, the value 
of the JSC 2 2 VOC degraded by 12 % and became equal 

received from the SC ( max  
To identify the contribution of defect 

ckness-
the spectrum is observed in the base area of the InGaAs subcell, since its thickness is several times greater than that 

 into the semiconductor structure, 
forming fields of disordering, mainly in the long-
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nce the EL is based on the 

ctor 

– scattering on defects and phonons of the crystal 
lattice – incre – the electrons significantly 
affected the InGaAs subcell (the long-
almost to the level of the minimum signal discernible by the spectrometer.  This may indicate that there are more 
defects in the structure of the InGaAs subcell than in the InGaP subcell.  

The average values of the electrical parameters of the CSR converters obtained from the calculations are presented 

a result of exposure to ionizing radiation, in particular electrons, structural defects appear in the semiconductor 
structu

the minor CC has been degraded in the p-
-base is larger than the n-emitter in thickness, the probability of recombination centers increases 

accordingly. 
 

TABLE 1. The values of the CSR 
energy of 7 MeV and a fluence of 1 × 1015 cm-2. 

SC area 
Before Irradiation  After Irradiation 

L, μm JSC, 
mA/cm2 VOC, V  L, μm JSC, 

mA/cm2 VOC, V 

n-InGaP 0.05 17.70 1.55  0.05  1.51 p-InGaP 2.00  0.27 
        
n-InGaAs 0.30 17.74   0.30   p-InGaAs 7.00  5.31 
        
n-Ge 0.50  0.31  0.50   p-Ge 50.00  37.35 
        

  17.70      
SC         

 

InGaP plays the role of the limiting subcell before irradiation, and InGaAs plays the role of the limiting subcell after 
irradiation. The greatest degradation in photocurrent is observed in the Ge subcell – 24.2 %, but its current reserve is 
still sufficient, so its degradation can be ignored. The InGaAs subcell is of the greatest interest, its Jsc decreases from 

2 2 JSC 
does not affect the output current of the SC. 

The change in VOC is caused by an increase in the dark current under the influence of a decrease in the diffusion 
VOC of the InGaP 

 
–  %, 

InGaAs – 43.7 %, Ge – max of the CSR converter obtained by measuring the I-V 

 
The method considered in this paper is not limited to the size of the samples under study, but can also be used to 

assess the degradation of the SC as a result of proton irradiation.  
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CONCLUSION 

As a result of irradiation of the CSR converter, its degradation in terms of JSC, VOC, and Pmax 
max 

C 
in the p-base from 7 μm to 5.31 μm. The contribution of the deterioration of the electrical parameters of the remaining 

presence of a current reserve and a small contribution to the voltage of the Ge subcell. In the course of the conducted 

electrical parameters of multi-junction SC, namely, the parameters of individual subcells during tests for the radiation 
resistance of the SP.  
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