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Critical Performance Evaluation of a
Photoreceiver for Application in
Optoelectronics
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Abstract - This paper details the investigation
into assessment of a commercially available
photoreceiver. A critical  analysis  of
performance evaluation of the photoreceiver in
relation to its Responsivity and Time Response
are carried out. A standard Helium-Neon laser
operated at 632.8nm was used as the
stimulating light source in order to achieve the
desired measurements. The measurements
clearly show how they deviate from the
theoretical calculations and recommendations
of the manufacturer’s data sheet.
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1. Introduction

There are a many types of photodiodes which
can be categorized by detectable spectral range,
response time, and damage threshold [1]. In
general, photodiodes cannot be used directly to
detect high power radiation without using
neutral density attenuators or beam splitters to
sample the beam.
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One major difference to thermal detectors lies
in the fact that semiconductor photodiodes have
a fairly narrow spectral response due to the
nature of their operation. Different types of
semiconductors have to be used to cover
different spectral ranges due to their intrinsic
band-gap energy E, which causes a cut-off for

wavelengths above A, = hc/E, .

Some photodiodes such as the avalanche
photodiode (APD) come with internal gain,
which makes them more sensitive to weak
signals. It should be noted that the noise
properties of APDs strongly depend on the
semiconductor material being used [2-3].

For the use in long distance telecommunication
systems operating at 1550nm, Ge or InGaAs
photo-receivers have to be used which happen
to be excessively noisy [4]. Therefore, in some
cases it can be more advantageous to use a PIN
photodiode in combination with an external
low-noise amplifier.

2. Experimental Investigation

In this laboratory experiment the responsivity
and time response of a commercially available
photodetector ~ (Thorlabs DET36A) was
assessed [5]. Table 1 shows parameters of the
photoreceiver under investigation. To get
accurate results, first it was made sure that the
incident optical power was of a known value.
This was achieved by using an djustable
attenuator in front of the Helium-Neon laser
(HeNe) and measuring its output power with
respect to the attenuator setting using a
commercial ~ photodiode = power  meter
(Thorlabs,PM120).
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Table 1: Photoreceiver parameters.

Detector Silicon PIN photodiode
Active Area mm” 13

Wavelength Range A 350 to 1100nm

Peak Wavelength A pk 970nm

Peak Response R(A,) ]0.65 A/W

Diode Capacitance C; 40pF

Rise / Fall Time t 14ns

Since the output of the HeNe laser is well
polarised, a synthetic linear polarising filter was
used as an adjustable attenuator. The results of
this figure can be seen in figure 1.

The expected cos® dependence of the relative
polarizer-to-beam angle can be seen quite

clearly. This measurement served as a
calibration for our light source prior to
recording responsivity measurements. The
experiment began by measuring the Thorlabs
DET36A terminated into a load resistance (Rp)
of 50Q.
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Figure 1: Measured output profile from HeNe laser source.

2.1 Evaluation of Responsivity

Linearity was observed over the entire range of
input powers. A linear regression calculation
was undertaken on the experimental data, and
resulted in a measured responsivity of
R(1)50Q = 19.24 V/W = 0.385 A/W, which

ISBN:978-988-98671-9-5

confirms agreement with the manufacturer’s
data sheet. The same measurement was
repeated using a 10kQ load resistance. Once
again, by observation there was no deviation
from linearity over the range of input powers,
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and the responsivity was calculated as and within measurement error. Figure 2 below
R(1)10kQ = 3903.7 V/W = 0.390 A/W, close is confirmation of this calculation.

enough to the previous value to be consistent
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Figure 2: Responsivity measurement for 10kQ load
In order to observe the effects of limited It is obvious that one has to design a
dynamic range and saturation, the photo- photoreceiver with respect to the expected input
receiver was terminated into a large load powers and the required sensitivity and
impedance of 100kQ. As illustrated in figure 3, bandwidth. High sensitivity, high speed and a
experimental results showed that the detector large dynamic range can be achieved using a
circuit’s dynamic range is limited by the large slightly more complex photo-receiver design,
load impedance. Approximately 500uW causes incorporating for example a transimpedance
the detector to drop the entire reverse bias amplifier shown in figure 4.

voltage of 12 Volts across the load impedance.
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Figure 3: Impact of large load impedance
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Figure 4: Photodiode transimpedance amplifier
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2.2 Measurement of Time response
Measuring the time response of photodiodes is
certainly more challenging compared to thermal
detectors, since these devices can exhibit
bandwidths into the GHz range. For this
experiment, the method employed was based on
the use of approximate impulses by chopping
the output of the HeNe laser with a mechanical
chopping wheel. Since this method does not
create very short pulses, the period of the
response time of the photodetectors was
reduced by loading them with a very high
impedance, effectively to slow down the
detection speed by increasing the Time
Constant (RC) of the circuit. In order to ensure
that the photodiode’s time response was being
measured and not the beam profile of the HeNe
laser, the chopping frequency was increased
until a reduction in signal height was observed.
At this point, the photodetector couldn’t follow
the signal impinging on its active area.

The theoretical bandwidth of a simple
photodetector circuit as described in the
manufacturer’s  data  sheet is  given

C; is quoted in the data sheet of the
photodiodes. It should be noted that any stray
capacitance and impedance will reduce the
bandwidth below this theoretical value. As an
example, let’s compare the theoretical value for
the rise-time, using Ry = 50Q, to the value
mentioned in the data sheet (parameters listed
in Table 1).
o [0.35J
The rise time is calculated as 7, =| — |. For
BW

C;=40pF T, = 14ns (quoted), compared to 7=
4.4ns calculated. The calculated value is the
absolute maximum of what can be expected
from the photodetector; low cost packaging of
the photodetector will not allow the user to
achieve the theoretical limits. This was realised
when the measured results for different load
impedances are compared with the calculated
results. For example, in table 2 shows the
calculated and measured rise times
corresponding to load impedances of 100KQ
and 1MQ. One contributing factor for the
discrepancy is due to the additional BNC cable
in place between the photodetector and the

1 oscilloscope.
by F,,, =| ———— |. The diode’s capacitance
27R,C,

Table 2: Calculated and measured rise times for the photodetector under investigation

Load Resistance Ry, Measured T, Calculated T,

100KQ 50us 8.8us

IMQ 800us 88us
3. Conclusion theoretical ~ calculations and  practical

This experiment has provided the opportunity
to explore key properties of a low cost
photodetector for general applications in optical
detection of light sources. In assessing
parameters such as responsivity and time
response, it has been observed that the
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measurements can be varied by a considerable
amount, all of which may have a detrimental
impact on the chosen application. Therefore the
experimentalist has to choose the detector
carefully according to the requirements of the
exercise or application.
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