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Abstract - Free space optical communication is providing a unique method for the satellites orbiting around the earth to 

communication with each other. Inter- satellite optical wireless communication systems (Is OWC), is becoming one of the 

most important applications of Free space optical communication technology, as such systems are providing a high bandwidth, 

small size, light weight, low power and low cost alternative to present microwave satellite systems. In this paper, inter-satellite 

wireless optical communication link (Is WOC) is modelled using Opti system and then investigation is carried out to study the 

effect of electron radiation on the electrical amplifier gain implemented in the optical receiver of the (Is WOC) link. The 

proposed system is a non-diffused link or line-of-sight setup, which uses On-off keying (OOK) modulation technique with 

wavelength 1550 nm between two satellites estranged by a distance of 5000 km as such from Low Earth Orbit (LEO) to 

Medium Earth Orbit (MEO), with input power of 30 dBm at data rate of 1 Gbps. The performance of the system is analyzed in 

terms of Quality –factor (Q- Factor), bit-error rate (BER), and eye opening. Finally, the electron radiation effect on the 

electrical gain is compared at different doses in terms of the BER and Q – Factor.  
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I. INTRODUCTION 

 

The mobile satellite communications systems of next 

generation will provide high-quality and flexible 

multimedia services to users at anywhere and at any 

time [1-2]. Optical inter-satellite communication have 

many advantages such as the higher data transmission 

rate, smaller terminal size and less payload power 

requirement, higher immunity to interference and so 

on. Teledesic, Sativod, Celestri, sky-bridge and M-star 

systems are few of the examples [3]. However, as is 

known, aerospace is highly contains high energy 

particles including protons, electrons, neutrons, heavy 

ions, etc. [4]. When the optoelectronic devices has 

been exposed to these high energy particles devices, 

they may result in unavoidable damages to the material 

of devices and then lead to serious performance 

degradations for the system[5]. Therefore, studies on 

space radiation impact on performance of optical 

inter-satellite communication systems are significant 

for ensuring the reliability of communications. 

In this study, we will investigate the electron radiation 

effect on the electrical gain amplifier implemented at 

the receiver of inter-satellite wireless optical 

communication link in terms of the degradation of the 

system performance. Typical option of communication 

wavelength, 1550 nm is chosen as signal wavelength in 

this study. System performance degradation of OOK 

based inter-satellite systems is simulated based on 

theoretical analyses and experimental results. The rest 

of this paper is organized as follows. In Section II, we 

give a brief introduction on the structure of the OOK 

modulation circuit implemented in Optisystem 

software version 16, and the corresponding bit error 

rate (BER) model. In Section III, we demonstrate the 

ionizing damage and the electron irradiation 

experiment on the electrical amplifier and measure the 

related radiation damage factor which is the gain. Next, 

system performance degradation is simulated in 

Section IV. In Section V, the conclusion of the 

investigation is drawn. 

 

II. INTER-SATELLITE COMMUNICATION 

SYSTEM AND BER MODEL  

 

A. Inter-satellite link 

The proposed inter-satellite optical wireless 

communication (IsOWC) system uses lasers as a signal 

carrier. This is the key technology for realizing an 

ultra-high speed and long-haul communication system. 

The coverage distance of the IsOWC system depends 

on many parameters, such as type of modulation used, 

input power, operating wavelength, optical and 

electrical amplifiers and the receiver sensitivity and so 

on. Patnaik et al. reported that among all ON – OFF 

keying techniques non-return-to-zero (NRZ) is the best 

scheme, for obtaining maximum coverage distance of 

the link. Comparing to ON – OFF keying techniques 

phase-shift keying (PSK) technique is preferable for 

free-space optical communication, as it does not 

require any adaptive thresholding method [3]. In this 

paper, we have used On-Off key modulation, Yun et al. 

[4] found a coverage distance of 5000 km for a bit-rate 

of 1 Gbps communication, but with our proposed 

system we will simulate within the range of 5000 Km, 

with a bit-rate up to 1 Gbps. 
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B. BER Model of OOK modulation for IsWOC 

Is OWC system uses a laser beam as a wireless 

connectivity between transmitter and receiver, 

free-space as propagation medium for carrying 

information. The performance of the system is greatly 

influenced by the nature of the environment [7]. Thus, 

the selection of modulation technique is a vital role in 

the design process of the system. For IsOWC system, 

the coverage distance required is of the order of 

thousands of kilometers, thus it uses only LOS systems. 

For the LOS system, the received power is given by 

[7]. The communication transmitter (Tx) for the 

system as shown in Fig. 1, Tx consists of a 1550 nm 

CW Tx-Laser, a LiNbO3 amplitude/phase modulator 

andanoptical.amplifier 

 

 
Fig. 1. Diagram of the structure of the transmitter. 

 

 

 
Fig. 2. Diagram of the structure of the OOK receiver. 

 

 

For an OOK based system with amplitude modulation, 

when sendingcodeTxoutputsignal.power,”1“ 

 

tmLD GTPSt                                                                 (1) 

  

where 
LDP  is the output power of Tx laser, 

mT  is the 

optical transmission of modulator and 
tG is the gain of 

EDFA. Additionally, when sending code“0”, we

assume that no optical signal power is transmitted. 

 

Optical signal from (Tx) is transmitted into free space 

channel and then received by the receiver (Rx) on the 

destination satellite. The expression of received signal 

power can be given as 

 

linkttrrr LNSNSP )(         (2) 

 

where 
rS  is the received signal power, 

linktr LSS  , 

rN  is the received noise power, 
linktr LNN  , 

rN  is 

the transmitted noise power, 
linkL  is the loss of optical 

link, including geometrical loss, coupling loss, 

transmitterandreceiverefficiencylossandATP.loss 

 

The structure of OOK Rx is depicted in Fig. 2. It 

consists of a PIN photodiode (PIN PD). When the light 

beam transmitted from Tx arrives at Rx, it will be 

directly guided into a PIN photo detector, and then 

converted to electrical signal [8]. The signal current is 

amplified by the electrical amplifier, and the signal can 

then be expressed as: 

 

 
 

where R is the responsivity of photodiode and Gr is the 

gain of Rx amplifier.TheQfactorandBERofOOK

based system are expressed as follows [2]:   
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Therefore, noise power for code”1“ and “0” canbe

expressed as eq. (4), where q is the electron charge, B 

is the electrical bandwidth and is in positive proportion 

with data rate, 
ASEP  is the ASE noise power induced 

by pre-amplifier and can be calculated by

ospASE BGhvnP )1(  ,histhePlanckνis,constant

the light frequency, 
spn  is the ASE factor, Bo is the 

optical bandwidth, 
DI  is the dark current, 

Bk  is the 

Boltzmann constant, T is the absolute temperature, and 

LR  is the load resistance [1-3]. 

 

III. RADIATION EXPERIMENT  

 

A. Total Ionizing Damage in devices  

Ionizing radiation impact on optoelectronic devices is 

the cause of system performance degradation. 

According to the previous studies, it has been shown 

that total ionizing damage effects most of the 

optoelectronic devices including optical and electrical 

amplifier. When exposed to ionizing radiation, the 

laser diodes face the decrease of external quantum 

efficiency, resulting in the decrease of out-put power. 

Moreover, Ionizing radiation on EDFA and electrical 

amplifiers leads to the formation of absorption centers 

and the subsequent reduction in the optical 

transmission and the amplification process of the 

received signal [9- 16].  

 

B. Irradiation experimental set up  

The electron irradiation process was performed at the 

Malaysian Nuclear Agency using an EPS-3000 

electron beam machine. The LNA sample SiGe 

BFU730F LNA was irradiated with 3 MeV electrons of 

energy with five iterations of radiation exposure of 

electron-equivalent doses ranging from 50 kGy to 250 

kGy.  Measurements of the scattering parameters were 

extracted by the vector network analyzer (VNA) with a 
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power supply. All measurements were carried out in 

the RF Laboratory, Faculty of engineering IIUM [6].  

In order to produce and assure accurate measurement 

results, the (VNA) went through a series of calibration 

procedures to cancel the effect of cable losses or any 

other losses associated with both input and output 

ports. Furthermore, all the RF Lab equipment is 

audited for calibration by the suppliers in a systematic 

yearly exercise. 

 

Table 1 shows the results of the gain degradation of the LNA. While fig.3 shows as well the degradation in the 

frequency range. 

 

Radiation dose (kGy) Gain 

0 21dB 

50 20 dB 

100 16 dB 

150 12 dB 

200 8 dB 

Table 1: Electrical Gain degradation 
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Fig. 3. Gain degradation at different doses 

 

C. Simulation of the IsWOC link  

The proposed model of IsWOC, given in fig.1 and fig.2 is designed and simulated for the optical wavelength 1550 

nm with a bit rate of 1Gbps. The degraded gain obtained from the amplifier as shown in fig.3 have been 

implemented in the communication link established utilizing Optisystem software version 16. Table 1, shows the 

parameters setting of the link. 

 

Parameters Values 

Data-rate, Gbps 1  

Modulation OOK 

Operating wavelength, nm 1550 

Transmitter power, dBm 30 

Distance, km 5000 km 

Sequence length 128 

Samples per bit 64 

Line width of laser, MHz 0.1 

Dark current, nAmp 10 

Responsivity of PIN, A/W 1 

Transmitter aperture diameter, mm 150 

Receiver aperture diameter, mm 150 
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Transmitter optics efficiency 0.8 

Receiver optics efficiency  0.8 

Electrical Bandwidth, GHz 1.5 

ASE factor, nsp 2.2 

ATP Loss, dB 3 
Table 2: Simulation parameters of the system link 

 

IV. RESULTS DISCUSSION  

 

The proposed model of IsWOC, with inputs 

parameters has been run. Fig. 4 shows the optical 

spectrum of the link with an output power 20 dB and 

received of -20dB.  

Fig.5 is shown the degradation of the Q- factor. Before 

irradiation, the gain of the amplifier was 21 dB, when 

we simulate the system with input gain of that value, 

the Q- Factor is 7.86 and the BER was 1.78E-15. After 

electron radiation exposure of 50 kGy, the gain 

dropped slightly to 20 dB, then BER degraded to 

2.6E-14. 

 
Fig.4. Optical spectrum Analyzer for OOK modulation 

However, after 150 kGy of electron radiation 

exposure, we can notice the drop of the Q-factor of 6.4 

leading the BER to increase up to 2e-11.  

 

 
Fig. 5. Gain degradation at different doses 

 

The illustration of the BER is shown in fig.6, where can 

see the sudden degradation of the BER after 150 kGy. 

The increment of the radiation exposure makes the Q- 

Factor to be decreased to 3.74 with a seriously 

degraded BER of 8.9E-5.  

 
Fig. 6. BER degradation at different doses 
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Fig. 7. Eye diagram (a) pre irradiation, (b) 50 kGy, (c) 150 kGy 

 

Fig.7 is showing the eye diagram, which is an 

important parameter for the system performance: (a) 

shows the eye diagram before radiation, (b) after 50 

kGy and (c) at 150 kGy. From the analysis of the eye 

diagram we can conclude the effect of the electron 

radiation on the degradation of the system 

performance. Table 2, reports similar investigation and 

compare how the quality factor and the Bit Error Rate 

have been affected by the radiation exposure at 

different doses. 

 

 
Table 3: Comparative analysis of the present investigation with 

benchmarked investigation 

 

V. CONCLUSION  

 

The electron radiation effect on the electrical gain 

amplifier implemented in the inter-satellite wireless 

optical communication receiver have been investigated 

and compared. The results shows that the electrical 

amplifier is sensitive to ionizing radiation. In term of 

system performance degradation, ionizing radiation 

causes more serious degradation on the Q- factor and 

the BER. Radiation induced at 150 kGy, leads to 

ionizing radiation impact to the electrical gain to 

decline to 12 dB, where the system performance 

degraded with bit error rate of 8.9E-5 and quality 

factor of 3.74. Further investigation should be carry 

out in varying different wavelengths such 1064 nm and 

980nm which are widely used in optical inter-satellite 

communication systems.  
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