
IEEE PHOTONICS JOURNAL, VOL. 16, NO. 1, FEBRUARY 2024 6900105

Facile Construction of a Laser Scanning Optical
Beam Induced Current Microscope
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Abstract—We report on the design and construction of a laser
scanning optical beam-induced current (OBIC) microscope by as-
sembling cost-effective commercial optical and electronic hardware
components and developing data acquisition and control software
in LabVIEW. A preliminary OBIC image of a Si photodetector
acquired by the developed microscope is presented to demonstrate
its operational capability. The versatility of the design will allow
for the construction of other scanning microscope modalities on
the same platform.

Index Terms—Current measurement, data acquisition, failure
analysis, optical imaging, microscopy, semiconductor device
testing.

I. INTRODUCTION

LASER scanning optical beam-induced current (OBIC)
microscopy, also known as light or laser beam-induced

current (LBIC) microscopy [1], has become a powerful and non-
destructive tool for high-resolution failure analysis of electronic
devices [2], [3], [4]. The principle of OBIC lies in the generation
of electron-hole pairs when a laser beam of suitable energy is
focused and scanned on the semiconductor sample in a raster
fashion. The synchronized detection of the resultant current
profile with respect to the beam positions allows the subsequent
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generation of contrast images of the active regions within the
device. This, in turn, allows for the visualization of structural
defects, monitoring of the photoresponse and device perfor-
mance and studying electrical properties such as the carrier
lifetime and diffusion length [5]. Notably, OBIC microscopes
are generally constructed by integrating appropriate electronics
into a commercial confocal laser scanning microscope (CLSM).
However, such systems are too expensive to be afforded by
many laboratories [6]. In this context, several groups have
reported the development of cost-effective CLSMs for various
microscopy applications [7], [8], [9]. It is worth noting that these
advancements primarily concentrated on biological imaging and
were not specifically optimized for applications related to OBIC
and/or other types of semiconductor device characterization. In
contrast, K. G. Anand designed an LBIC microscope that used
fixed laser beam and an XY translation stage for scanning to
study semiconductor samples, including solar cells and epitaxial
layers [10]. Nonetheless, these traditional stage scanning meth-
ods typically result in slower imaging speeds compared to laser
scanning based on galvo mirrors [11].

In this work, we report the design and fabrication of a
cost-effective laser scanning OBIC microscopy system by
assembling the multispectral laser source, galvanometer
mirror scanning unit, (scan and tube) lens assembly, inverted
microscope, and data acquisition unit. Notably, galvanometer
mirror-based laser scanning microscopes offer better resolution
than traditional charge-coupled device (CCD) based or XY
scanning stage-based techniques [12]. LabVIEW software was
used for data acquisition and image reconstruction. The design
considerations and preliminary measurements are presented in
the following sections.

II. OPTOMECHATRONIC DESIGN OF THE OBIC MICROSCOPE

The experimental scheme of the microscope OBIC micro-
scope is depicted in Fig. 1. A laser beam with a wavelength of
638 nm from a multispectral laser source is directed through
shutter S and mirrors M1 and M2 to the large beam (10 mm)
diameter scanning XY galvanometer mirror system (GVS012,
Thorlabs), consisting of two galvanometer motors and two scan
mirrors mounted at the end of the actuators. Each of these gal-
vanometer motors has position detectors that provide informa-
tion on the positions of the mirrors. The motor’s acceleration is
directly proportional to the current applied to it and provides the
characteristics of a fast response. The X-Y mirror assembly is
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Fig. 1. Experimental setup. S: Shutter, M1, M2: Mirror; C: Obj: Objective lens,
ICO: Infinity corrected optics. Black lines represent electrical interconnections.

driven by tuning with two driver circuit boards. It uses signals
from the position detector to drive the actuators to the demanded
position by using the positional error, speed, and integral of
current terms. It consists of a proportional derivative circuit that
helps to achieve better performance of the actuators. Notably,
the control signals for the scan driver circuits are provided by
two analog output channels of a high-speed multifunctional
input-output (data acquisition and control) device (National
Instruments PCIe 6351) [13], which also serves as the data acqui-
sition system by acquiring the measured photocurrent through
two analog input channels for computer interfacing. It requires
−10 V to +10 V analog output voltage to drive both the X
and Y galvanometer mirror scanners, which are differential.
Sampling frequencies higher than 10 kS/s are required with a
minimum number of samples equal to 1000. The signals from
the PCIe 6351 device are coupled to the galvanometer driver
circuit boards through the SCB-68A noise rejecting shielded
I/O connector block having 68 input-output analog and digital
terminals and an SCH68-68-EPM shielded connecting cable.

The laser beam, after passing through the galvo scanner, is
focused on the conjugate plane of the microscope by using
a scan lens (LSM02-VIS, Thorlabs). The scanning laser spot
is relayed through the infinity corrected optics of the inverted
microscope (HO-AMS-FL5000, Holmarc Opto-Mechatronics,
India) and ultimately focused by a 10X microscope objective
(HO-PA-MO10X, Holmarc Opto-Mechatronics, India) on the
semiconductor sample placed on a computer-controlled XYZ
positioner of an inverted microscope. The induced photocurrent
is collected as a function of the beam positions in terms of the
XY scanning coordinates, and an OBIC map (two-dimensional
spatially resolved map) is obtained by raster scanning the laser
beam on the active area of the device under test (DUT). The
scan controller and data acquisition software were programmed
in LabVIEW [14] and are described in the next section. After
data collection, the OBIC map can be visualized in the graphical

user interface (GUI) of the software, which can further be
exported as an array to an Excel file for subsequent processing
and generating 3D projections of the OBIC map. The aggregate
cost of the components employed in building this microscope
is projected to be $15000, a considerable contrast to the ap-
proximate $100000 price range associated with commercial
confocal microscopes [15]. More specific information on the
primary components utilized in the construction, along with their
respective costs, can be found in supplementary information
(Sup. Table 1).

III. SOFTWARE INTERFACE DEVELOPMENT

Software with a GUI was developed in LabVIEW for the
control of the XY galvanometer mirror scanners. The present
program is based on the LabVIEW programs reported by Ferrand
[16] and Zengin [17], which is optimized for the present study
by adding improved features. The current software features
both unidirectional (where the Y position updates only after
the X position returns to its original position at the end of one
cycle) and bidirectional (where the Y position updates whenever
the X position reaches its maximum or minimum value) raster
patterns. Importantly, each of these scanning mechanisms has
its own advantages and disadvantages, and the introduction of
this functionality aims to enhance flexibility in the scanning
process [11], [18]. Additionally, the software includes features
such as ‘Error Out’ and ‘Task Out’ to gather information about
any errors that may arise during software execution and to ensure
the successful completion of input tasks using the command
signal, respectively. Moreover, functionality for visualizing the
acquired data has been integrated into the software.

Notably, the entire LabVIEW program has been built using
three subprograms. Each subprogram has its purpose, starting
from initializing the system by configuring analog output and
input channels with proper synchronization to deliver and mea-
sure voltages at a certain scan speed. The scanning process is
performed for the entire frame over the sample area by creating
a 2D raster pattern waveform based on the scanning parameters,
e.g., the number of pixels in the X and Y axes, the scanning
amplitude of the X and Y axes, etc. The generated analog output
command signals are sent to the drivers of the mirror scanners
along with the analog input data acquisition, which starts in
synchronization with the command signal.

Fig. 2 shows the front panel of the LabVIEW program. The
desired scanning pattern, i.e., single direction (uniform), single
direction (fast reset), and bidirectional, can be selected in the
designated drop-down menu in ‘Creation of Various Raster Pat-
tern’ section. In the same section, the user can reset the Y mirror
position, set the number of pixels or points to be given along
the X and Y dimensions, and set the maximum and minimum
values of the voltage signals sent to the X and Y mirrors. The
‘Signal Generation’ section allows for the setting of desired pixel
dwell time, selection of the start trigger terminal, analog output
channels, and the minimum and maximum analog output and
input voltages to be applied through the data acquisition and
control device. The user can stop the scanning process, if desired,
by using the ‘QUIT’ button placed in the top left corner. The
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Fig. 2. Graphical user interface (front panel) of the LabVIEW program “Galvano_Mainprogram.vi”.

Fig. 3. (a) Reflected image of the ROI and (b) OBIC image of the ROI
reconstructed in the LabVIEW software. The scale bar is 0.2 mm. The scale bar
is 0.2 mm. The color bar accompanying the OBIC images signifies photocurrent
intensity in arbitrary units, utilizing the entire 16-bit resolution (ideal dynamic
range: 0-65535) of the A/D converter integrated into the scanning platform.

software is capable of acquiring data from all 8 differential or
16 single-ended analog input channels of the NI PCIe 6351 I/O

device, which is an important feature for multimodal laser scan-
ning microscopy applications. Notably, various alternative opti-
cal imaging techniques are available for the characterization of
semiconductor devices, including methods such as polarization-
resolved electroluminescence [19], optical beam-induced resis-
tance change (OBIRCH) [20], near-infrared (NIR) thermore-
flectance [21], thermal imaging based on temperature-dependent
two-photon fluorescence (TPF) [22], etc. These techniques can
be seamlessly integrated into the current microscope design for
applications involving correlative or colocalization microscopy,
achieved by adding suitable electronic or optical components.
Furthermore, the multichannel data acquisition capability en-
ables the integration of other imaging methods, such as four-
channel Stokes polarimetry, fluorescence anisotropy imaging,
etc. [23], [24], [25]. The desired analog input channels and
the input voltage range can be selected in ‘Acquisition Task’
section. Notably, the present version of the software is restricted
to display only two images from two analog input channels,
as seen in the ‘Image Acquisition Intensity Graphs’ section,
which can be easily increased, if needed. On the other hand,
the ‘Acquired Measurement’ section can be used to visualize
the acquired data. The ‘Error Out’ and the ‘Task out’ are located
in ‘Check Tasks Error’ section. The flowchart of the software
can be found in the supplementary information (Sup. Fig. 1).

IV. PRELIMINARY RESULTS

After optical alignment, the microscope was used to image
the active area of a Si PIN photodiode (BPW34) at an incident
wavelength of 638 nm. Notably, many researchers have used
this photodiode as a mini solar cell in the recent past [26],
[27]. For this work, the photodiode was used in photovoltaic
(zero-bias) mode, which can be easily subjected to reverse bias
(photoconductive mode) as well, enabling the measurement of
higher powers with increased speeds. In both operational modes,
the magnitude of the photocurrent corresponds directly to the
intensity of the light that is incident upon the photodiode. The
samples were scanned at a rate of 31.45 sec/frame (120 µs pixel
dwell time) at 512 × 512 pixels. A 20X (numerical aperture
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Fig. 4. Image of internal quantum efficiency (IQE) reconstructed from OBIC
measurements. The scale bar is 0.2 mm.

= 0.40) objective lens is employed for image acquisition. For
this objective, the full width at half maximum spot size is
found to be 1.22 µm. At the focal point, the average power
measured was found to be ∼116 µW; therefore, the average
energy exerted on the specimen for each pixel is approximately
0.014 µJ (obtained by 120 µs × 116 µW). The scan area was
approximately 1100 µm × 1100 µm.

Fig. 3(a) shows the reflected widefield image of the region of
interest (ROI) of the photodiode acquired by using the same
objective through the secondary camera port of the micro-
scope. In Fig. 3(b), the OBIC image of the ROI is presented,
reconstructed in MATLAB using the acquired data exported
from LabVIEW. Alternatively, image reconstruction can be
performed using other software or computer code developed in
Python, Scilab, etc. The image is color coded according to the
incident wavelength (red, 638 nm). In these OBIC images, the
reconstructed region of the active area of the photodiode appears
uniform indicating that the area is homogeneous. In these OBIC
images, one can also observe the significantly diminished current
intensity in the regions that are not photosensitive including
the anode region and the region below the active region. The
observed sharp edges of both the anode and active areas ensure
that defocus did not occur during the laser scanning.

We further demonstrate the determination of the internal
quantum efficiency (IQE) from the spatially resolved OBIC
signals by adopting the models used by several other researchers
[28], [29]. Notably, IQE refers to the efficacy with which
photons, avoiding loss through reflection or transmission, can
generate charge carriers that are viable for collection. Fig. 4
shows the spatially resolved IQE of the ROI studied by OBIC
microscopy.

V. CONCLUSION

OBIC measurements on semiconductor devices carry a lot of
information by which electrically active defects and localized
inhomogeneities can be classified and even identified, which
helps to better understand the charge transfer process and failure
mechanism in such devices. In this letter, the facile assembly of

a laser-scanning OBIC microscope is demonstrated. In contrast
to commercial systems that are not easily modifiable, the present
setup proposed here allows for optimization and configuration
tailored to specific multimodal microscopy applications. Ad-
ditionally, the multispectral laser source with emission wave-
lengths at 445 nm, 520 nm, and 638 nm will allow for spectrally
resolved OBIC measurements.

Preliminary results ensured the operational capability of the
microscope in acquiring OBIC images from semiconductor sam-
ples. The performance of the microscope including the signal-to-
noise ratio of the measurements can be further improved by using
appropriate signal amplifier, filter, and intensity-modulated light
sources coupled with lock-in detection. Notably, the results
obtained from such studies will certainly help to understand
the correlation between material defect and the failure modes
associated with solar cells, LEDs, and other electronic devices
and to further improve their performance and reliability.
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