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ABSTRACT

This paper presents the testing and the automation of dark current, photoresponse,
and responsivity measurements for W-MSM photodetectors. The testing phase of this
particular photodetector is performed in order to compare manual measurement results with
automated measurement results done in LabVIEW. The automation phase is performed in
order to take measurements quickly and efficiently using LabVIEW programs which imitate
the functions ofactual instruments used to take dark current, photoresponse, and responsivity
measurements. So far, only the dark current measurements can be automated. However, in
the future, LabVIEW programs will be written in order to automate the photoresponse and
responsivity. Once this is accomplished, the dark current, phoioresponse, and responsivity

measurements will be automated for Inverted MSM (I-MSM) photodetectors used in the

three-dimensional, high-throughput architecture described below.
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take dark current measurements. LabVIEW programs are available for the Hewlett-Packard
8153 A Lightwave Multimeter which is used to measure the photoresponse and responsivity;
however, these measurements were not automated due to the fact that the programs for the

multimeter are in LabVIEW 4.1 which is not available for use in this project at this time.
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CHAPTER I
APPROACH/METHODOLOGY

As stated earlier, the goal of this research is to test and automate the dark current,
photoresponse, and responsivity measurements of W-MSM photodetectors. To measure the
dark current, a probe station equipped with an Olympus microscope, Electroglas probes, and
Rucker & Kolls' probe needles are used. Also, the Keithley 238 Source Measure Unit (SMU)
isused. The microscope is used to view the probe station platform on which the 25 W-MSM
photodetectors used for this project are placed. The probes are used to move the probe
needles so that they come in contact with the two metal contacts of the W-MSM
photodetectors. Once the probe needles are placed on the metal contacts, a voltage is applied
via the SMU. The voltages range from 0.1 Volts to 1 Volt and from 1 Volt to 10 Volts.
Once the voltage is applied, the current is read from the SMU. This current is called the dark
current.

To measure the photoresponse, the same instruments mentioned above are used along
with the Hewlett-Packard 8153A Lightwave Multimeter. A fiber is connected from channel
A of the multimeter to the probe station. The fiber is then moved above the metal fingers of
the W-MSMs in order to send light through the devices. The SMU is once again used to
apply voltage to the metal contacts for the same voltages used for measuring the dark current.
It is also used to give the value of the current measured which is the photoresponse (light
current) of the photodetectors.

The responsivity is measured by using the same equipment used to measure the
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photoresponse. However, when measuring the photoresponse, the attenuation on the
multimeter is set to 0.0 dB. For the responsivity, the attenuation is varied from 1.0dB to
6.0dB. Then, the SMU is used once again to find the value of the current when it applies
voltage. Once this current (photoresponse) is found, Eq. 1 is used to calculate the
responsivity.

In order to automate these measurements, a General Purpose Interface Bus (GPIB)
cable is needed to connect a computer to the instruments which take the dark current,
photoresponse, and responsivity measurements. Then, LabVIEW programs are written which
allow a computer to control how these instruments function. So far, programs have been
created for the Keithley 238 Source Measure Unit which is used to take dark current
measurements and for the Hewlett Packard Lightwave Multimeter which is used in
conjunction with the SMU to measure the photoresponse and responsivity. The programs for
the SMU were written by the Keithley Company and the programs for the multimeter were
written by National Instruments. However, only the dark current measurements have been
automated since the programs for the multimeter need to be run in LabVIEW 4.1 which will
not be purchased until a later date.

There are various steps used to automate the dark current measurements. Once the
probe needles are brought in contact with the metal contacts of each the W-MSM
photodetectors, the parameters such as the source (voltage), source level (10 Volts), and the

source range (1 mA/110 Volts) are set on the LabVIEW program called the Keithley 236
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SMU DC Example 2. A LabVIEW program called the Keithley 236 Sweep Example is also
used to set the parameters such as the bias level (10 Volts), the start (0.2 Volts) and stop (10
Volts) voltages, and the step (0.2) of the voltages on the computer. Once the operate mode
is engaged on the program called Operate/Standby, the voltages specified by the Keithley 236
Sweep Example are applied to the photi)detectors. Then, a trigger message is sent to the

SMU via the SMU DC Example 2 program. Finally, the run mode is engaged via the Sweep

Example program, and the results are recorded.




CHAPTER IV
RESULTS

For this project, twenty-five W-MSM photodetectors were available for testing the g

dark current, photoresponse, and responsivity. However, of these twenty-five devices, only

w v oF A

five devices yielded good results. Therefore, the yield for these devices was twenty percent 2
which is not very good. Even though the yield for the number of devices which worked was '

very low, the five devices that did work gave exceptional results.

Ifthe manual and automated dark current measurements are compared, it is found that :
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these measurements are very close to one another (shown in Figures 4 and 5). :
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However, more work needs to be done so that these measurements are exactly the same. The ;
;
reason why the manual and automated measurements were not the same could be due to the P
-
fact that the measurements were taken at two different times. Since this was the case, the !
contact that the probes made with the metal contacts of the W-MSM photodetectors may not v
have been the same. Therefore, it is believed that the manual and automated measurements
should be done at the same time so that these measurements will yield the same outcome.
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the devices are very consistent. These measurements also show that the readings for the dark
current are very low. The dark current for each of the five devices is in the range of 0.02 to
0.8(A. This result is expected since the dark current is considered to be noise and since the
dark current is the current when no light output is present which contributes to its low
readings.

Since the photoresponse and responsivity measurements were not automated, the
manual measurements cannot be compared to the automated measurements. However, the
results for the manual measurements can still be discussed. The manual measurements for the
photoresponse (shown in Figure 6) sﬁow that at the point between 1V and 10V, the

photoresponse becomes flat.
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Figure 6: The Manual Photoresponse Measurements
This result is expected. However, between the photoresponse measurements for each of the
five devices, there were variations in the photoresponse when the measurements became flat.
This action could be due to how close the fiber was to each of the devices when the

photoresponse was being measured. The position of the fiber in relation to the photodetector

is very important due to the fact that its position determines the amount of light that enters
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into the device.
If the dark current and photoresponse measurements are plotted on the same graph
as shown in the figure below, it can be seen that the dark current measurements are very small

in comparison with the photoresponse.
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Figure 7: The Manual Dark Current & Photoresponse Measurements

As stated earlier, the dark current has a low value due to the fact that no light output is
present when this current is being measured. The photoresponse has a very high current

output due to the fact that light output is present which explains why its values are very high
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in comparison to the dark current values.
The manual measurements for the responsivity show that these measurements are very
consistent due to the value of the photoresponse in relation to the amount of power that is

applied to each ofthe photodetectors. As shown in the figures below, the responsivity values

for the five devices are very low. r
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Figure 12: The Manual Responsivity Measurements for Device W

This result proves that W-MSM photodetectors have a low responsivity due to the fact

that the fingers of these devices are located on the top.




CHAPTER YV
CONCLUSIONS

The purpose of this project was to test and automate the dark current,
photoresponse, and responsivity for W-MSM photodetectors. The testing phase of this
project was done to compare the manual measurement results with the automated
measurement results done in LabVIEW. The automation phase was done in order to take
measurements quickly and efficiently.

All of the manual measurements for the dark current, photoresponse, and
responsivity were completed. However, only the dark current measurements were
automated. Therefore, in the future, mor.e work will have to be done by Emily Moon in
order for the photoresponse and responsivity measurements to be automated.

From this research experience, I learned three valuable items. First, I learned how
to measure dark current, photoresponse, and responsivity and how these measurements
give insight as to how well the W-MSM photodetector performs. The second item I
learned was how to use the Keithley 238 Source Measure Unit and the Hewlett-Packard
8153A Lightwave Multimeter which were used to take these measurements. The final

thing I learned was how to use the graphical programming language called LabVIEW to

dutomate the dark current.
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