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Abstract-In this paper, using the multi layer perceptron (MLP)
neural network, we determine the breakdown voltage for separate
absorption and multiplication region avalanche photodiode (SAM-
APD). Also, we analyze the sensitivity of breakdown voltage with
different parameters. As examples, five devices are simulated with
the model.

Keywords-neural network (NN), separate absorption and

multiplication region avalanche photodiode (SAM-APD).
[. INTRODUCTION

Avalanche photodiodes (APDs) are promising for high-gain,
high-speed, and low-noise detector applications provided that
they exhibit single-carrier-initiated, single-carrier multiplication
[1].

It’s shown that absorption region requires a separation of the
multiplication region in order to achieve low bias voltage and
low noise [1]. These separate absorption and multiplication
avalanche photodiodes have been widely deployed in long-
wavelength and high-bit-rate optical transmission systems.

Breakdown voltage is a serious limitation. An increase of the
bias voltage causes the gain to be increased. However, the
breakdown may happen. The prediction of breakdown voltage
is very important when increasing the gain. If the bias voltage
exceeds the breakdown, the device is destroyed and information
is lost. Obviously, that is not desired and must be avoided.

Until recently, only few models have been reported for the
separate absorption and multiplication region avalanche
photodiode (SAM-APD) [2-4]. These models can not calculate
the breakdown voltage.

In this paper, we present a multi layer perceptron (MLP)
neural network model for calculation of the breakdown voltage.
Absorption and multiplication widths, energy band gap and
doping concentration of absorption and multiplication regions
are the most important parameters that have a great influence
on breakdown voltage. These parameters are the inputs and the
breakdown voltage is the output of the network.

We can use this model, before fabrication, in order to
determine the breakdown voltage with different parameters of
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the device. Therefore, we can achieve the optimum case and
change the parameters.

II. SAM-APD STRUCTURE

The schematic structure of SAM-APD is shown in Fig. 1.
Our deductions are based on the illumination through p-side
(ITPS). The incident photons are absorbed in p’, i, and m
regions. The current which flows through the interfaces p'-i and
n'-m, includes two parts: one is diffusion current of the
minority carriers in the n and p' regions, and the other is the
drift current for i and m regions. Because of the high electric
field, the impact ionization takes place in the m region.

III. MLP NEURAL NETWORK

Neural network is one of the most important methods of
artificial intelligence that mimics the characteristics of the
human brain and during the training process, extracts the inner
knowledge of data, saves and generalizes them in other
situations.

In the case of nonlinear mapping, the MLP network with
back propagation error training algorithm is the most popular
neural network. It consists of an input layer, one or more
hidden layer(s) and an output layer (Fig. 2).
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Fig. 1. Schematic drawing of SAM-APD.
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Fig. 2. Multi layer perceptron neural network.

The good behavior is always encouraged and the wrong
behavior is punished. The back propagation method utilizes this
concept. At first, the input pattern is presented to the network
and then the output is computed. The error of the output is
computed by the comparison between the computed and
desired (target) output. This error is back propagated from each
layer to the previous one. The improvement in weights is
related to the amount of this error.

In this paper, we set six inputs and one output to the network.
Inputs include absorption and multiplication widths, energy
band gap and doping concentration of absorption and
multiplication regions. The output is the breakdown voltage.

Hidden Layer

A. Data and Normalization

In our study, 57 experiment patterns have been used: 52
patterns for network training and 5 patterns for network testing
[5-26]. Each pattern consists of six input elements and one
output element.

In order to normalize the data, all the patterns are
transformed into the range of [0.05,0.95]. The following
formula is used for normalization of data:

X, =0.05+0.9X’—X;“n. (1)
max

where X, and X, are normalized and unnormalized input and
Xmin and Xp.x are minimum and maximum of input range,

respectively.

min

B. Network Architecture

A trial and error process is used to achieve the optimum case
(meaning the number of neurons in the hidden layer and the
type of activation function) [6-10,12,14-21,23-26]. In the
hidden layer used in this process the number of neurons tested
varied from 2 to 15. In order to evaluate the effect of the
activation function on the network performance, four different
cases were investigated as follows:

Casel: sigmoid activation function in all layers.

Case2: hyperbolic tangent activation function in all layers.
Case3: linear activation function in all layers.
Case4: sinusoidal activation function in all layers.

Number of epochs is 120000. The RMS error was obtained
from the training set. It was observed that the 6-6-1 MLP
network (i.e. 6 input neurons, 6 hidden neurons, and 1 output
neuron) with sigmoid activation function in all layers is the best
choice (Fig. 3).

In order to avoid over training, a sensitivity analysis is used
to find the optimal number of epochs. So the 6-6-1 MLP
network with sigmoid activation function is evaluated for
different numbers of epochs (Fig. 4). This figure shows that
when more than 120000 epochs are used, performance of the
model is not improved.

IV. MODEL VALIDATION
In this part, the performance of the developed model is

evaluated using the testing data set [1,5,11,13,22]. These data
were not used in the training process.
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Fig. 3. The RMSE with different numbers of hidden neurons and activation

functions.
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Fig. 4. RMSE with different numbers of epochs.



Fig. 5 shows the results of our model compared to the
experiment results for 5 sample devices [1,5,11,13,22]. The
neural network (NN) model results are presented versus the
experiment results (Fig. 5-a). Also, the difference between the
results is demonstrated in Fig. 5-b. It was seen that the NN
results are in good agreement with the experiment.

For sensitivity analysis, we changed one of the inputs in the
range of [0.05,0.95] while others remained unchanged (Fig. 6)
[10]. Evidently, the greater the slope of the curve the greater the
sensitivity of the breakdown voltage. Breakdown voltage is
more sensitive to multiplication width (W,,), absorption width
(W;), band gap of multiplication region (E,y), doping
concentration in multiplication region (N,), doping
concentration in the absorption region (N;), and band gap of
absorption region (Eg).

Clearly, an increase in the multiplication and absorption
widths causes the device to become wider. Hence, the
breakdown voltage is increased. When the type of the material
used in the multiplication region is changed, its characteristics
change as well.
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Fig. 5. A comparison between the NN Model results and experiment results:
(a) the NN Model versus experiment. (b) column presentation for the NN
Model and experiment.
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Fig. 6. Breakdown voltage versus normalized inputs.

The conductivity of the multiplication region is proportional
to its doping concentration. An increase in the concentration of
the multiplication region leads to a bigger electric field in the
absorption region. The absorption region, known to be wider
than the multiplication region, can accept a higher voltage.
However, a greater concentration in the multiplication region
will raise the amplitude of the electric field in the interface
between the multiplication and n” regions. Among the above
parameters the first one is the dominant.

An increase in the doping concentration in the absorption
region sets the electric field in the multiplication region.
Therefore, the breakdown voltage is decreased with increase of
Ni. The effect of the type of the absorption material on the
breakdown voltage is insignificant.

Our model can predict the breakdown voltage examined
against different sizes of the two regions. For illustration, we
have presented a number of examination results below. The
effects of the absorption region width and the concentration of
the multiplication region on the breakdown voltage with
different multiplication widths are shown in Figs. 7 and 8 [10].

These results agree with the sensitivity analysis (Fig. 6). The
breakdown voltage versus the absorption width is shown in
Figs. 9 and 10 [10]. These figures show the effect of
multiplication width and doping concentration of absorption
region for two different values.
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Fig. 11 shows the breakdown voltage versus the
concentration of multiplication region for two different
concentrations of the absorption region [10].

Figs. 7-11 are compatible with our sensitivity analysis (Fig.
6). A comparison between our model and the experiment
results shows that our model is capable of predicting the
breakdown voltage against any changes in the value of different
parameters, such as the width and the concentration of the
multiplication and absorption regions.

V. CONCLUSION

In our study we have presented a new neural network
methodology capable of determining the breakdown voltage.
Comparing the results of the experimented data with the results
of our model we found that our model has the desired
performance. We also concluded that our proposed method has
significant advantages in predicting the breakdown voltage of
the device before fabrication.
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