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INTRODUCTION

The knowledge of the space radiation
environment is essential for predicting if a device
will survive to the total radiation which will expect
to encounter in a space mission.

The trapped proton fluxes are often the most
important radiation consideration for devices
especially designed to operate in spatial applications
in low earth orbit (LEO), near 600 km altitude [1].
This illustrate why proton testing is important.

The PIN (p-intrinsic-n) photodiodes are every
time more used in spatial applications. The PIN
photodiodes are semiconductor devices that answer
to high energy particles and photons generating a
flow of current proportional to the incident power.

The effects of the radiation studied were the
atomic displacement damages.

PHYSICAL MODEL

The modelling and simulation of the PIN
photodiodes were done solving the Poisson and
continuity equations self consistently [2, 3]. This
results were compared with experimental values.

RESULTS AND DISCUSSION

In this work we present results of nine differently
constructed PIN photodiodes exposed to spatial
radiation. In Fig. 1 we show a simplified PIN
photodiode. Table 1 gives the characteristic lengths
of the nine simulated PIN photodiodes.

All the simulations considered the effects of 10
MeV proton radiation on the PIN photodiodes. The
fluencies used were of 1 x 10", 5 x 10", 1 x 10",
2.5 x 10" p“L/cm2 and zero fluence (not irradiated
photodiode). We included in our simulation the
effects produced by the light illumination on the
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photodiodes. The intensities used were ranged from
0 to 100 mW/cm”. The wavelength of the incident
light was 900 nm (in the infrared band).

A comparison among the nine simulated PIN
photodiodes irradiated with 2.5 x 10'* p*/cm? is
shown in Fig. 2, where a lineal relation between the
total reverse current and the light intensity can be
seen for each PIN photodiode. We can also see in
Fig. 2 that the slopes rise when the length of the
intrinsic region increase, therefore, the efficiency in
the detection of photons and protons is maximized.
Similar results were obtained for the others
fluencies simulated.

From these results we have obtained one
expression that relates the total reverse current and
the incident radiation.

The simulation results in Fig. 3 show the current
increment when a PIN photodiode (PIN_4) is
exposed to several proton fluencies regarding to the
not irradiated photodiode. For each set of curves of
each PIN photodiode, the straight line of the total
reverse currents in function of light intensities have
a cross point called threshold.

The light intensity threshold (LIT) is not
constant, it is variable for each PIN photodiode. The
variation of the LIT with the length of the type p,
intrinsic and type n regions is shown in Fig. 4. We
have deducted an expression that reproduce the
behaviour of the LIT. We can see that the LIT
decreases when the length of the type p and type n
regions are increased.

CONCLUSION

With the codes generated we are able to
reproduce very precisely the behaviour of the PIN
photodiodes studied under proton radiation.
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Fig. 1. Simplified scheme of a PIN photodiode, where Lp,

L; and Ly are the length of the type p, intrinsic and type n

regions respectively.

Lp Ly 1N

[pm] [pm] [nm]
PIN_1 0.9 28.2 0.9
PIN_2 1.35 27.3 1.35
PIN_3 1.8 26.4 1.8
PIN_4 2.25 25.5 2.25
PIN_5S 2.7 24.6 2.7
PIN_6 3.6 22.8 3.6
PIN_7 4.5 21.0 4.5
PIN_8 4.95 20.1 4.95
PIN_9 5.4 19.2 54

Table 1. Characteristic lengths of the nine simulated PIN
photodiodes.  All
Lp+L[+LN:30um and Lp=Lxn.

the simulations were considered with
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Fig. 2. Total reverse current in function of light intensity at

10V for the irradiated nine simulated PIN photodiodes at one

proton fluence.
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Fig. 3. Light intensity versus current increment for a irradiated

PIN photodiode (PIN_4) at several proton fluencies.
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Fig. 4. Variation of the light intensity threshold (LIT) with the
length of the type p and type n regions.
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