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Андрей
Записка
Good afternoon ladies and gentlemen. My name is Andrey Udalov, I`m a PhD-student of Institute of Atmospheric Optics, and the topic of my presentation is «Rad-hard PIN photodiode design studying».




The transceiver path for the optical 

range includes an optical source, an 

optical modulator  and an optical 

receiver. As an optical receiver, PIN 

photodiodes are used to convert an 

optical signal to a microwave signal 

in the microwave range. When using 

PIN photodiodes in the upper 

atmosphere, signal interference can 

be observed. 
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Андрей
Записка
Today, there are a large number of semiconductor heterostructured materials used in outer space. Radiophotonics offers communication devices in outer space. The transceiver path for the optical communication range includes an optical source, an optical modulator, an optical receiver. As an optical receiver, pin photodiodes are used. However, in space, as well as in the lower atmosphere is a large flow of comic radiation that can cause interference.




Purpose:  To develop the rad-hard PIN-photodiode 
model operating at a 1550 nm wavelength 

 

Objectives:  

1. To review of literature related to rad-hard 
heterostructure materials 

2. To choose the most suitable material 

3. To design the PIN photodiode simplest model from 
the selected material with using COMSOL 
Multiphysics 

4. To estimate simulated PIN photodiode characteristics 
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Андрей
Записка
Therefore, main purpose of this work is developing the rad-hard PIN-photodiode model operating at the standart wavelength. 
The main objectives for achieving the purpose are presented on the slide below it.
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 InP (Indium phosphide) is used in the space in radiophotonic 
communication system (J. Klamkin et al., "Indium Phosphide Photonic Integrated 

Circuits: Technology and Applications," 2018 IEEE BiCMOS and Compound 
Semiconductor Integrated Circuits and Technology Symposium (BCICTS), San Diego, CA, 

2018, pp. 8-13, doi: 10.1109/BCICTS.2018.8550947) 

 

 GaAs/AlGaAs – heretostructures are currently used in solar 
panels and in some applications in communication systems  
Onishchenko E. Semiconductor heterostructures: from classical to low-dimensional, or 
“Constructor” from a Nobel laureate. 

 

 InGaAs (Indium gallium arsenide) is considering as promising 
material for radiophotonic communication systems in space (Joshi 

M. et al. «Rad-hard, Ultra-fast, InGaAs Photodiodes for Space Applications», Proceedings 
of SPIE - The International Society for Optical Engineering 6220, Backnang, Germany, 
May 2006, DOI: 10.1117/12.666055) 

 

 

Андрей
Записка
One can find materials among scientific publications  for space radiophotonic communication systems presented on a slide. 
The most long-known and developed material is gallium aluminum arsenide.  Also famous Zhores Alferov devoted a lot of time to him. These materials are mainly used for optical source (lasers) or optical receivers (photodiodes). Among the presented materials, GaAs / AlGaAs has the highest radiation resistance


J. Klamkin et al., "Indium Phosphide Photonic Integrated Circuits: Technology and Applications," 2018 IEEE BiCMOS and Compound Semiconductor I
Integrated Circuits and Technology Symposium (BCICTS), San Diego, CA, 2018, pp. 8-13, doi: 10.1109/BCICTS.2018.8550947.

Onishchenko E. Semiconductor heterostructures: from classical to low-dimensional, or “Constructor” from a Nobel laureate.


Joshi M. et al. «Rad-hard, Ultra-fast, InGaAs Photodiodes for Space Applications», Proceedings of SPIE - The International Society for Optical Engineering 6220, Backnang, Germany, May 2006, DOI: 10.1117/12.666055




             

Material 
  

 

 

Feature 

GaAs InP InGaAs AlGaAs 

Band gap at 300 

К, eV 
1,42 1,34 0,354 – 1,42 1,42 – 2,16 

Melting Point, 
oC 1238 1062 942 - 1238 1238 - 1740 

Specific heat 

capacity 

J/(kg*К) 
318 310 250-318 330-450 
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Handbook Series on Semiconductor Parameters, Volume 
1. Front Cover. M. Levinshtein. World Scientific, May 1, 
1997 - Semiconductors - 300 pages 

Андрей
Записка
Radiation exposure of semiconductor devices leads to material heating, reverse leakage currents, 
gain reduction. So, device developing operating under constant radiation exposure, one should rely on such characteristics of materials as band gap, melting Point, specific heat capacity. Band gap characterizes electrons transition into the conduction band. If this value is low, there is a high probability of interference, false signals. Other characteristics describe the reaction of a material to heating by cosmic radiation. The required must be the most resistant to random impacts and have to margin of safety in case of heating. Thus, material the most meeting the stated requirements is gallium arsenid and aluminium gallium arsenide.  
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Width, µm 

1 – p-region 

2 – I - region 

3 – n - region 
 

Андрей
Записка
As known, PIN photodiode include three different purpose areas. Most of the photons are absorbed in the intrinsic region, and carriers generated therein moves into P and N -regions and  can efficiently contribute to the photocurrent. Therefore, in COMSOL Multiphysics it needed to model 
consisting of three zones whose properties must be modeled.  This slide shows a two-dimensional model, where the P-region is located above and n - region is below.
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Standard industrial 

 transistor heterostucture 

 

1) PIN photodiode MMIC 

integration using a highly 

doped n + region and 

growing additional i and p 

+ regions;   

2) PIN photodiode MMIC 

integration directly into 

MMIC with the growing of 

all three areas (n +, i, p +). 

Андрей
Записка
So as PIN photodiode is designed to operate as part of a microwave MMIC, two possible options for the formation of a PIN photodiode model were considered. The slide shows a model of a standard transistor into which a photodiode is supposed to be integrated.
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Integration using a 

highly doped n + region 

and growing additional i 

and p + regions 

Андрей
Записка
Thicknesses of n and p regions were set to 0.1 μm, as the most optimal. Charge carriers concentration is limited by structural defects that reduce mobility and, accordingly, electric current. According to the simulation results in this charge carriers concentration range, the maximum current value is shown on the slide, 1905 mcA.
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Андрей
Записка
On this slide, the same dependence for the n-region is presented. The maximum electric current value is 2420 mcA at concentration 10^20 sm^-1.
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Андрей
Записка
By varying the thickness of the i-region from 0.4 μm to 0.2 μm, a dependence of the current on the thickness of the I-region was constructed. The slide shows a dependency graph. The thickness of 0.3 μm was chosen. This is due to obtain higher quantum efficiency than at 0.4 μm, but a higher response rate than at 0.2 μm. 



 In Comsol Multiphysics the PIN photodiode from GaAs / AlGaAs was 

simulated and optimal parameters was matched. 

 The maximum current value is achieved at concentrations:  

      N(i) =108 sm−3, N p + = 1020 sm−3,  N n + = 1018 sm−3 for the 

first integration method;  for the second integration method N(i)= 108 sm-3, 

N(p+) =1020 sm-3, N(n+) =1020 sm-3 

 Layers thichnesses for the both integration methods: P – 0,1 mcm, I – 0,3 

mcm, N – 0,1 mcm. 
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Андрей
Записка
Thus, according to the simulation results in COMSOL Multiphisics one can say: The maximum current value is achieved at concentrations: N(i) = 10 8   sm −3 , N p + = 10 20   sm −3 ,  N  n + =  10 18   sm −3  for the first integration method;  for the second integration method N(i)= 108 sm-3, N(p+) =1020 sm-3, N(n+) =1020 sm-3 
And layers thichnesses for the both integration methods: P – 0,1 mcm, I – 0,3 mcm, N – 0,1 mcm.




11 

Андрей
Записка
So, thank you for attension. 
If you have any questions, you can ask them.





