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Abstract: Tungsten and halogen lamps are normally used for microscope illumination. However, if there is an electrical fault
in any of these lamps, extra money to purchase a new one and the sacrifice of a long time for its arrival may be required to get the
lamp replaced, especially in some developing countries. The aim of this study therefore is to develop a cheap and easily
obtainable light source, built with Light Emitting Diodes (LEDs) to replace a faulty tungsten or halogen lamp. The LEDs are
cheap to buy, easily available and operate at a much lower voltage. A light source, using LEDs, was designed and constructed to
fit easily into the space previously occupied by the tungsten or halogen lamp. An integrated switching low power DC-DC
converter, having a microcontroller unit at its heart and powered from a 5 Volt source, was also constructed to control the LED
light source. It was observed that the contrast of the sample image obtained with the halogen lamp was reproduced by the LED
light source. In this study, a replacement LED based light source for illuminating optical microscopes was constructed, and it
gave a reasonable result compared to that obtained by using the halogen lamp. This work will be very useful in those places
where it may be very difficult to get a quick replacement halogen or tungsten lamp or where electric power is not always
available.
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fault in the lamp, an extra money and a long time may be
needed or sacrificed to get the lamp replaced. Under this
condition, a cheap and easily constructible LED based light
source can be a quick replacement, instead of looking for an
extra money to purchase a new replacement tungsten or
halogen lamp and sacrificing a long time for its arrival.
Therefore, it is necessary to look for an alternative
illumination source that can be a quick replacement and which
can be operated cheaply in the local area.

Since LEDs can easily be obtained locally, a simple light
source that uses LEDs can therefore be constructed to obtain a
USB powered LED based light source needed to replace the
tungsten or halogen lamp in the optical microscope.

Some studies had been carried out to redesign the
illuminating of optical microscopes. For example, Satory [4]
developed an LED light source to replace the tungsten light

1. Introduction

A laboratory optical microscope is a very useful tool for
examining the structure of tissues, cells and microbes [1]. A
good uniform and bright white light similar to sunlight is an
essential part of optical microscopy [2], but requires
electricity from the national grid or the local portable
generator to generate it, thus making its use for a long time to
be expensive.

Since microscopic examination takes very long hours to
execute, many poor local schools and hospitals where
electricity may not be available for a long time or often, may
not be able to afford the cost of making many microscopic
examinations for long hours.

Tungsten and halogen lamps are normally used for
microscope illumination [3]. However, if there is an electrical
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source, using a resistive circuit to control the LEDs. However,
this circuit consumes power and quickly depletes the 4 x 1.5V
AA batteries that power it.

In their own work, Amar Vijai et al. [5], replaced the
tungsten light source with an LED light source. However, the
LED power supply used was the old microscope power supply
which can still be affected by the incessant power outages in
rural areas of the developing world.

In this work, a microcontroller unit was used to provide a
Pulse Width Modulation (PWM) for the inexpensive LED
array. The light intensity of this system could be adjusted by a
potentiometer connected to the microcontroller. The LED
array unit was a 5 Volt system and could be powered from any
5 Volt DC power source such as a Smartphone charger or a
power bank. This unit will then serve as a replacement light
source for classroom optical microscopes.

2. Materials and Methods

2.1. Basic Concept

Optical microscopes utilize light sources with adjustable
brightness. The adjustment of the brightness is normally
achieved via a resistive dimmer circuit; however, it does not
provide a linear brightness graduation [6]. Light Emitting
Diodes (LEDs) are current controlled devices and the
relationship between their emitted light intensity and the
current flowing through them is approximately linear at
certain regions. This relationship is loosely dependent on the
applied voltage, and thus the intensity of an LED light can be
precisely controlled by varying the power applied to its
terminal [7]. It should be noted that the intensity of an LED
light is inversely proportional to its P-N junction temperature
which increases with the applied power. Therefore, to keep
this temperature at a minimum value during high powered
applications, the LED(s) must be mounted on heat-sinks [8].

2.2. Pulse Width Modulation (PWM)

Pulse width modulation (PWM) is an efficient way to vary
the power delivered to a system using modern electronic
power and semiconductor switches [9]. This principle is
widely used in power electronics applications for controlling
power converters (DC/DC and DC/AC) [10], and power
switching applications for controlling analog circuits via
digital outputs [11].

A typical basic PWM controlled Buck type (step-down)
DC/DC converter [12] is shown in Figure 1.
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Figure 1. Buck type (step down) DC converter [13].

The PWM signal is generated by comparing an adjustable
reference voltage, V;..r, with a triangular wave of constant
amplitude and frequency. This frequency determines the
switching frequency of the converter and it must be high
enough so as not to affect the load.

The amplitude of the reference voltage Vs determines the
duty cycle of the PWM signal (which is the ratio of the on time
of one cycle of the PWM signal to its period). The relationship
between the output voltage and the input voltage is shown
below;

Vo=D X Vg =2V =2LV, (1)
Ts Vir

Where;

Vin is the converter DC input voltage,

D is the PWM signal duty cycle (0 <D < 1),

ton 1s the PWM signal ON time,

T, is the converter switching period,

Vi, is the triangular wave amplitude and,

Vs is the source voltage.

It should be noted that the longer the switch stays on, the
higher is the power delivered to the load.

The power switch S is usually of MOSFET or IGBT type in
high power applications but can also be replaced by transistors
and monolithic ICs (in which the controller and switching
elements are on the same chip) in low power applications
[14-16]. PWM switching frequencies in these applications
range from the kHz range to a few MHz.

One major advantage of the PWM switching technology is
the reduced power losses in the switching element. This is
because when the switching element is off, no current
practically flows through it, and when it is on, the voltage drop
across it is low. Other advantages of PWM over primitive
methods of power control are: the ease of control circuitry
design and the ease of integration with digital control systems
[17].

2.3. PWM with Microcontrollers

Microcontrollers are system-on-chip digital devices. They
are only capable of working with discrete digital signals which
are either HIGH and LOW with respect to their input voltage.

It is possible to achieve PWM by using software loops to
create the PWM waveforms. Nevertheless, PWM generation
in microcontrollers can be done using their on-board counters
and timers. These timers and counters employ the hardware
semiconductor registers and dividers that are directly
integrated in the chip [18].

Consumer type microcontrollers are capable of generating
PWM waveforms up to their clock frequencies divided by 256.
The duty cycles of these waveforms can be completely varied
between the fully off (0) and the fully on (1) states while the
microcontroller is working, as control bits of the PWM
register can be set and cleared at any time during the
microcontroller operation. If required, the PWM frequency
can be changed by dividing the microcontroller clock
frequency by a pre-set pre-scalar factor [19].
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3. Circuit Diagram and Construction

Table 1 contains the list of the parts used in the LED light
source and their respective prices. As a replacement source, it
was important that it should easily be installed. Thus, it was
designed to fit easily into the space previously occupied by
the halogen lamp. As halogen lamp and LED are controlled
by different technologies, a new control system was designed
for the LED array. The control unit was an integrated
switching low power DC-DC converter with a microcontroller
unit (MCU) at its heart.

Table 1. Components used and their prices.

COMPOENTS PRICE (US Dollars)
Arduino Nano 3.0
Variable resistor 0.2
Fixed value resistor 0.2
BC547 0.5
TIP120 0.5
White LED (5) 0.5
Casing 3.6
Total 8.5

In this study, the Arduino Nano prototyping board was used
because of its compactness. The Arduino Nano was

configured to produce a PWM waveform at a frequency of 490
Hertz from pin 3. This waveform was fed to the small signal
transistor Q2 which was used to isolate the MCU and provide
adequate base drive current to the switching transistor Q1 of
the system.

The switching transistor Q1 and the LED array load were
connected in a buck converter configuration. The LC low pass
filter was replaced by the RC low pass filter formed by the
current limiting resistor R3 and the internal capacitance of the
LED array load. The duty cycle of Q1 was adjusted, using the
potentiometer RV1 that was connected to the ‘Analog to
Digital’ converter (ADC) of the Arduino Nano. This
potentiometer was connected as a voltage divider. It could be
set in the clockwise (CW) direction to increase the duty cycle,
or in the anticlockwise direction to decrease it. Figure 2 shows
the block diagram of the LED light source.

The control unit was powered from a 5 Volts USB power
source, and housed in a separate casing outside the microscope.
This allowed it to be easily detached from the LED array unit
installed in the microscope and it facilitated the easy
movement of the whole system. Figure 3 shows the circuit
diagram of the control unit.
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Figure 2. Block diagram of the LED array system.
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Figure 3. Circuit diagram of the control unit.
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4. Results and Discussion

To compare the performance of the LED light source with
that of the halogen lamp, a slide of the Leishman stain of blood
sample was captured with a generic USB microscope camera,
first with the optical microscope having a halogen lamp as the
light source and then with the microscope having the LED as
the light source. Figure 4 shows the slides of Leishman stain
obtained with Halogen lamp (SLIDE A) and then with the
LED light source (SLIDE B).

It was observed that the contrast of the sample image
achieved with the halogen lamp was reproduced by the LED
light source.

(SLIDE B)

Figure 4. Slides of images of Leishman stain obtained with, (SLIDE A)
Halogen lamp and, (SLIDE B) LED array system. Scale bar:200 um

While the image of the sample, obtained with the halogen
lamp showed a richer composition of broad-spectrum with
noticeable red-shift, the image with the LED light source had a
slightly narrow spectrum, making it to be sharper than the
image obtained with the halogen lamp.

It was noticed that setting a desired brightness was easier
with the LED light source than with the halogen lamp, and that
the fluctuations in the mains power had effect on the
brightness of the halogen lamp but not on the brightness of the
LED light source.

In terms of the measured consumed power at maximum
brightness, it was observed that the halogen lamp consumed
about twenty-five (25) times more power than the LED light

source (Figure 5), making the LED light source to be more
economical and energy efficient than the halogen lamp.

Power Consumption at Maximum Brightness

Developed system I
m— _
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Figure 5. Graph of Power consumption for the two setups.

Other researchers have tried to address the cost of illumination
in conventional microscopes by using LED light sources, but
they have not completely solved the problem of power
consumption in their modification and the problem of incessant
power outages in rural areas of the developing world.

In general, the ultimate limit to the resolution of a light
microscope is set by the wavelength of the visible light which
ranges from about 400 nm for violet, to 700 nm for deep red [20],
and makes it possible to observe bacteria and mitochondria
which are about 500 nm wide. Therefore, any light source with
wavelengths in this range can be used for optical microscopy.
Because LEDs emit light with a relatively narrow wavelength
band, the size of particles that can be detected will be limited by
this, as the smallest particle detectable will depend on the
smallest wave length of the light band.

It is noted that the color of the light within the visible range
emitted by different LEDs may be different from one another.
However, there are some LEDs that can emit a visible
radiation close to white light. In the absence of such types, a
close to white light illumination can be obtained by having a
combination of LEDs that are available in the surrounding.

5. Conclusion and Recommendation

In this study, a replacement LED array lighting unit for a
tungsten or halogen lamp in an optical microscope had been
constructed. This new illuminating unit gave reasonable and
comparable result to those obtained by using the halogen lamp.
The specimens illuminated with it were easily observable. The
layout diagram of the LED power source in this work is easy
to follow and to construct. The components are easily
available and very cheap, making the constructed LED light
source to be a quick and an inexpensive replacement of the
imported light source of the microscope.

Since the condenser lens used to collimate the light rays
from the LEDs was originally built for the halogen lamp, the
precise positioning of the LED array unit will be required to
ensure that the light rays from the LED light source diverge as
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little as possible. Redesigning a new condenser exclusively for
the LED array unit will therefore, further reduce diffraction
and give a better sample illumination.
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