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Ensemble Monte Carlo simulation of current photoresponse in silicon photodiode with p-n-junction under the ef-

fect of picosecond pulses of laser irradiation at 532 nm wavelength has been performed. The diode current photore-

sponse on the pulses of laser irradiation with 51010 W/m2 power density has been simulated for the lattice tempera-

ture of 300 K. The diode structures with different doping densities of p- and n- regions have been studied. 
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Introduction 

Silicon photodiodes, including avalanche 

ones, have now found wide application as 

converters of optical signals into electrical 

ones. Semiconductor photodiodes can be 

used as radiation detectors in the visible and 

infrared spectra and operate both in the con-

ventional current mode and in the single pho-

ton counting mode [1, 2]. The great interest 

in silicon photodiodes is due, in particular, to 

the wide development of silicon technology 

in modern micro- and nanoelectronics, and, 

accordingly, the possibility of integrating 

such elements into various microelectronic 

systems within the framework of this tech-

nology for the production of integrated cir-

cuits. 

Numerical simulation of the operation of 

photodiodes is currently an important task 

due to the need to predict the electrical char-

acteristics of devices with given design and 

technological parameters, as well as to opti-

mize these parameters in order to obtain the 

desired characteristics. To study the operat-

ing characteristics of photodiodes, a very ef-

fective method is numerical self-consistent 

simulation based on the ensemble Monte 

Carlo method [3-5]. This method is a power-

ful tool for the simulation of charge carrier 

transport processes in semiconductor device 

structures. The method makes it possible to 

calculate the electrophysical parameters and 

electrical characteristics, taking into account 

all significant charge carrier scattering pro-

cesses, as well as the mechanisms of their 

generation and recombination. To adequately 

simulate the operation of diodes under re-

verse bias, it is necessary to take into account 

the physical processes that lead to the genera-

tion of charge carriers in the space charge 

region of the p-n junction. For submicron 

device structures and significant doping lev-

els of their working regions, it is essential to 

take into account the processes of generation 

of charge carriers due to interband tunneling 

and avalanche multiplication due to impact 

ionization. Also, due to the presence of de-

fects in the real crystal structure of silicon, 

the process of generation-recombination of 

charge carriers via traps can significantly af-

fect the performance of the diode [6, 7]. 
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In this paper, we present the results of 

numerical simulation of the current response 

of a silicon photodiode with a p-n junction 

under reverse bias to picosecond laser pulses 

in the visible range. We study the diode pho-

toresponse for several values of the acceptor 

and donor doping levels of p- and n- regions. 

 

Diode simulation model 

Schematically the structure of the simulat-

ed silicon diode is presented in Fig. 1. The 

dimensions of the structure are as follows: 

the distance between electrodes LС = 

0.25 m, the thickness of the structure — 

WS = 0.5 m. The length of the electrodes is 

0.125 m. The doping levels by donor impu-

rity ND and acceptor impurity NA in the n- 

and p- regions vary from 1022 to 1023 m–3. 

The lattice temperature is 300 К. 

 

Fig. 1. Schematic cross section of the simulated sili-

con diode 

The considered diode structure is simulat-

ed self-consistently in the framework of two-

dimensional particle simulation. The general 

principles of particle simulations with appli-

cation to semiconductors are described in [8]. 

The topology of the diode is such that the 

laser radiation is directed along the plane of 

the p-n junction and covers only the area be-

tween the electrodes. The p-n-junction plane 

is placed in the middle of the distance be-

tween the electrodes. The laser pulse duration 

is 1 ps. It is also assumed that the intensity of 

the radiation pulse is constant in time and 

uniform in space. The transport of electrons 

and holes is simulated taking into account the 

processes of scattering by optical and acous-

tic phonons, ionized impurities, plasmons, as 

well as the processes of optical generation 

and impact ionization. Also, the generation-

recombination processes are included in the 

numerical transport simulation procedure in 

accordance with the models described in [6, 

7, 9]. 

 

Results and discussion 

Fig. 2 shows the dependences of the diode 

photocurrent density on time when the struc-

ture is irradiated with a single picosecond 

laser pulse. The radiation wavelength is 

532 nm. Radiation power density — 

51010 W/m2. In present work we regard a 

moderate reverse bias between the electrodes 

V2 – V1 = 5 V. It is assumed that the laser ra-

diation is switched on at the time t = 1 ps. 

Prior to the onset of radiation exposure, a sta-

tionary mode of charge carrier transport in 

the diode is established at a given reverse 

bias on the electrodes with a reverse current 

equal to the value of the dark current. In the 

Fig. 2 curve 1 corresponds to the structure 

with ND = NA = 1022 m-3, curve 2 — ND = 

1023 m-3 and NA = 1022 m-3, curve 3 — ND = 

NA = 1023 m-3. 

 

Fig. 2. The current photoresponse in the diode at re-

verse bias of 5 V for picosecond laser pulse at 532 nm 

wavelength and 51010 W/m2 power density 

It follows from Fig. 2 that, for the struc-

ture under consideration, the decay time of 

the photocurrent after the end of exposure to 

radiation, during which the dark value of the 

current is established, is about 10 ps for the 

structure with doping density ND = NA = 

1023 m-3, while for lower doping densities 

this time is longer. The higher peak current 
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and faster decay at higher doping densities 

may be explained by higher electric field 

strength in the space charge region and, con-

sequently, faster extraction of charge carriers 

from the region. Also, for the structure with 

ND = NA = 1023 m-3 the impact ionization rate 

and avalanche multiplication of charge carri-

ers, generated in the space charge region, is 

higher, thus contributing to the higher peak 

of the photocurrent. However, it should be 

noted that for the considered doping levels 

and voltage on the electrodes, the avalanche 

multiplication of charge carriers due to im-

pact ionization is not significant enough and 

doesn’t lead to avalanche breakdown of the 

p–n junction. Also, under considered simula-

tion conditions the rates of other generation 

processes than photogeneration and ava-

lanche multiplication don’t make any appre-

ciable effect on the diode current. 

As shown by the calculations, the rate of 

current decay after exposure to radiation in 

diodes with a p-n junction under reverse bias 

is higher than in metal-semiconductor-metal 

silicon diode structures, which we considered 

earlier in [10], and significantly higher than 

in detectors based on submicron SOI 

MOSFETS considered in [11]. This can be 

explained by the fact that in the region of the 

space charge of the p-n junction, at a given 

distance between the electrodes and for the 

considered voltage values, a sufficiently high 

electric field strength is established, which 

contributes to the fastest extraction of the 

generated charge carriers from the working 

area of the device. 

 

Conclusion 

Numerical simulation based on the en-

semble Monte Carlo method was used to 

study the current response of a silicon photo-

diode with a p-n junction exposed to a pico-

second laser pulse with an intensity of 51010 

W/m2 and a wavelength of 532 nm. The cal-

culation results allow us to conclude that the 

shorter current decay time compared to such 

photosensitive structures as photodetectors 

based on silicon metal-semiconductor-metal 

structures and SOI MOSFETs is due to the 

presence of a sufficiently strong electric field 

in the space charge region of the p-n junc-

tion. At the same time avalanche multiplica-

tion of charge carriers in the space charge 

region of the diode is not sufficient enough at 

considered simulation conditions and doesn’t 

make a sufficient influence on the photocur-

rent decay time. 
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