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near-infrared region, the phototherapeutic window region, is developed. The
Low-level laser therapy device uses laser modules, allowing easily focus laser beams on the targeted
Multi-wavelength therapy zone. For the convenience of the user, the device integrates a digital

control system, a touch screen that easily selects optimal parameters such as
. power, wavelength, and operating mode for specific therapeutic purposes.
Diode laser This paper presents the design and complete implementation of the device
Multi-mode optical fibers and the laser module fabrication technique as well. The main parameters of
the laser therapy device are given, which meet the specifications of a
phototherapeutic device and suit open and chronic wound healing based on
the photobiomodulation effect.
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1. Introduction

Low-Level Laser Therapy (LLLT) is also known as cold laser therapy or photo biomodulation
therapy [1], [2]. It uses a single wavelength or monochromatic light emitting from a low-intensity
laser diode (10 mW + 500 mW). The wavelengths are from approximately 600 nm (visible light)
to 1000 nm (invisible infrared) as the “biological window” allowing the light to penetrate and
thereby spread into the tissue and affect the cells. The depth of laser penetration varies, it is
approximately 1 cm =2 cm, in the range from 600 nm to 700 nm, which is mostly used for skin
and wound treatment. While at 800 nm - 900 nm a depth effect of approximately 3 cm + 4 cm is
obtained, which is primarily used for pain and tissue treatment. The laser works in pulse range
from 0 Hz (continuous) to 5000 Hz, the duration of the pulse can range from 1 ms to 500 ms with
a total irradiation time of 10 s to 3000 s and with intensity (power X irradiation time/ irradiated
area) ranging from 102 J/cm? to 107 J/cm?, for example, 50 mW/ cm? x 40 seconds =2000 mJ/cm?
or 2 J/lcm? [3].

The treatment mechanisms of the LLLT are explained when the light source is placed in
contact with the skin, allowing the photon energy to penetrate tissue, where it interacts with
various intracellular biomolecules to restore normal cell function and enhance the body’s healing
processes. The cell absorbs photons of light, becomes activated, changes the cell’s membrane
permeability and increases the speed of cellular metabolism as well as promotes the release of
nitrogen oxide (NO), which is the result of cytochrome ¢ oxidase (Cco/NO) activity, then
promote the production of adenosine triphosphate (ATP) and promote vasodilation [4] — [7]. It
releases NO and increases the redox chemistry which leads to the production of reactive oxygen
species and synthesis of collagen, blood vessel formation, and less infection. All that effects
promote the pain relief and healing of wounds [8].

LLLT is a safe, non-invasive technology approved by both the US Food and Drug
Administration and Health Canada for several chronic and degenerative conditions, temporary
pain relief, cellulite treatment, body contouring, lymphedema reduction, hair growth, and chronic
musculoskeletal injuries. It increases microcirculation, lymphatic drainage, and cellular
metabolism, thereby relieving many acute and chronic conditions and healing wounds. Numerous
articles are using the LLLT for anti-inflammatory [9] and analgesic effects [10], tissue healing
[11], bone reconstruction [12] treating tendinopathy, and improving lymphedema [13]. LLLT is
ready for clinical trials over myocardial infarction [9]. Recently, it is recommended to use as a
modality to attenuate cytokine storm at multiple levels, enhance recovery, and reduce the use of
ventilators in COVID-19 [1], [14] — [16].

Semiconductor lasers with many advantages such as compact size, a wide range of output
power, wavelength versatility, low cost per watt, etc. [17], [18]. However, for direct application,
high brightness and good beam quality are required. All of these have to do with packaging
sometimes even largely rely on packaging technologies. These techniques and technologies
require sophisticated optical systems and increased precision of the semiconductor laser
packaging in terms of positioning tolerances relative to the mounting substrate and smile of the
semiconductor laser. Packaging technology has become an important part of high-power
semiconductor laser development. With the vast advances in semiconductor laser chip and bar
technology in recent years, packaging has become one of the bottlenecks of the advancement of
high-power semiconductor lasers [19], [20].

Recently, Jafarpour et al. [12] developed a design of a multi-wavelength low-level laser
therapy device for assisting bone reconstruction applications. Where three wavelengths at 635
nm, 520 nm, and 480 nm with an output power of 300 mW were used. In this device, a
complicated system for alignment was used. A three-step alignment was designed to generate
single or multi-wavelength laser beams. Two mini right-angle half-silvered mirrors were used to
align the three laser beams. To focus the laser beam onto the targeted point, a focus lens was
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connected to a linear system, to move the lens on a linear axis. The intensity of the laser beam
was adjusted and focused onto the targeted zone by using a precise control system. A multi-mode
optical fiber was used to guide the laser beam onto the healing zone.

In Vietnam, there are some kinds of multi-wavelength phototherapeutic semiconductor laser
devices on the market. Most of them are imported at a very expensive, and some of them are
simply manufactured in Vietnam. They normally have two wavelengths. For example, in [21]
phototherapy equipment using light-emitting diode (LED) at 650 nm and 940 nm were reported.
The output power from 10 mW and 100 mW was obtained. The device is capable of operating in
pulse mode with a frequency range from 5 Hz to 128 Hz.

In this work, we present a multi-wavelength diode laser device like the device reported in
[12]. However, in this device, to avoid all misalignment optics, diode laser modules are
fabricated and packaged which are compact, stable, and very easy to use. The device has different
treatment programs which can be easy-adjust (digital control) by the control screen on the device.
The output power of each wavelength at the end of optical fiber reaches about 300 mW. The
device can work from continuously (0 Hz) to 10000 Hz. In what follows, the design and
realization of the diode laser are introduced. Five main parts of the device are shortly described.
The packaging process of module lasers is given in detail. Then, the optical characteristics of the
output of optical fibers and the beam quality of each wavelength are discussed. Finally, the
conclusion is carried out.

2. Design and realization of the diode laser device

As mentioned before, low-level laser therapy needs maximum output power from 10 mW to
500 mW for the treatment, we need the maximum output power per channel to be 300 mW. Thus,
the equipment is designed so that the laser beam works stably on time without being overheated.
Figure 1a shown the block diagram of the multiple wavelength equipment. The inside and
completion of the device are shown in Figure 1b and Figure 1c. One complete multiple
wavelength device includes five main parts: Programmable Logic Controller (PLC) (1), Human-
Machine Interface (HMI) (2), TEC Controllers and Driver (3), Laser modules (4) corresponding
to 670 nm, 780 nm, 805 nm, and 980 nm, and Optical fibers (5).

Figure 1d and Figure le are the control screams of the device. The HMI is the TFT
touchscreen with the microprocessor ARM9 400 MHz, a resolution of 1024 x 600 pixels, and the
operating system Wince 5.0. Which is to easily adjust (digital control) the main parameters of the
laser beam from each laser module separately, such as power density, mode of operation, and
duration. An adapter with an input of 100 VAC=240 VAC, 50/60 Hz is used that allows the
device directly plug into the 220 V power source. For example, after switching on the device,
touch the “start” (Figure 1d), and the screen display as in Figure le. Then, enter the parameters
such as frequency (0 Hz + 50000 Hz) for selecting mode operation, voltage (1 V +10 V) for
putting output power, and duration (6500 seconds to 18 hours) for setting treatment time. The
EX3G PLC will execute the commands from the HMI and communicate with the power supply
in the equipment. Microcontroller MTD 415T of Thorlabs maintains the temperature of the
system at 25°C with an error of 0.001°C to keep the Peltier thermoelectric element working with
maximum thermal radiation of 3 W for each laser module. The power supply for four laser
modules works at 12 V with up to 1.5 A maximum current for each module. The envelopes of the
laser modules are made of high-quality heatsink aluminum with a mechanically solid
construction, highly avoiding the penetration of steam (< 40%). The fibers which guide the light
to the wounded areas are the Multimode Fiber Optic. Patch Cables with a diameter of 400 pum,
Numerical Apertures (NA) = 0.50, and two SMA connectors on both ends.
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Figure 1. (a) The block diagram of the multiple wavelength device, (b) The inside
(c) Completed equipment, and (d-e) the control screens of the device.

The fabrication of a laser module is presented in Figure 2. Figure 2a describes the mounting
process of the laser chip (6) on the C-mount heatsink base (7) to couple the optical fiber. The
fiber is multimode and silica core with a diameter of 400 pm and NA = 0.5 and SMA connectors.
The position adjustment and alignment for coupling are done by using Melles Griot’s 6-AXis
Nanomax-HS High Precision Flexure Stage (9) with the precision in sub-micrometer scale and is
observed by Carl Zeiss 2000C stereomicroscope with the maximum magnification up to 230
times. After precise adjustment so that the coupling efficiency is up to 90%, the optical fibers will
be fixed by Toresal TS10 epoxy. This epoxy has a low thermal expansion coefficient and good
coupling between glass and metal, and it is heated up to 50°C in 60 minutes for solidification.
Then, we put the laser into the module envelope and obtain the result in Figure 2b. The module
envelope and its mechanical details are made of proper heatsink aluminum and designed
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appropriately for the coupling process as well as increase the heat sink for the laser. Finally, the
laser module is packed like in Figure 2c in a clean low-humidity environment.

A\ Laser 980nm |

Figure 2. (a) The setup for coupling of the laser chip to the optical fibre, (b) The laser chip is fixed on the
module envelope after coupling, and (c) The complete packed laser module
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Figure 3. (a) Characteristic curves of light power versus driving current of the laser modules 670 nm,
780 nm, 805 nm, and 980 nm, respectively (b) Spectrum characteristics of the laser modules 670 nm,
780 nm, 805 nm, and 980 nm, respectively
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Figure 4. (a) The radiation distribution of 670 nm laser on the screen, d = 50 cm and 2=20 cm,
(b) Intensity distribution at the output of the optical fibres of the laser module 670 nm at 25°C.
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The dependence of the optical power versus the injected current of laser modules is shown in
Figure 3a for T = 25°C. The threshold currents of 670 nm, 780 nm, 805 nm, and 980 nm laser
modules respectively are 0.24 A, 0.38 A, 0.7 A, and 0.75 A. The coupling efficiency of each
module is 90%. The output laser powers are 329 mW at 0.8 A of 670 nm module, 311 mW at
0.85 A of 780 nm module, 329 mW at 1.09 A of 805 nm module, and 293 mW at 1.2 A of 980
nm module. The output power of each channel is almost over 300 mW to meet the requirement of
the therapy needs. Optical spectra were measured with a spectrometer OCEAN OPTICS
USB2000 having an optical resolution of 2 nm (FWHM) and a responsive from 200 nm to 1100
nm. At the operating temperature of 25°C and the laser power of 50 mW, the spectra of the laser
modules 670 nm, 780 nm, 805 nm, and 980 nm respectively are shown in Figure 3b. The
spectrum of the laser module has narrow width around the peak of the corresponding spectrum,
which ensures the efficiency of the lighting of each wavelength module on the wound. Besides
the power—current characteristics and the spectrum of each laser, the far-field radiation
distribution is also very important in the realization of the light intensity distribution of the laser
on the wound. According to this demand, we also carried out measuring the laser intensity
distribution of one laser module and obtained the results in Figure 4.
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Figure 5. Pulse patterns at different frequencies when the laser module operating in the pulse modes

Figure 4a represents the circularly equal distribution of the 670 nm laser beam, obtained on a
screen that is 50 cm far from the head of the optical fibers (d = 50 cm) and the diameter of the
circle is =30 cm. We can notice that the intensity of the beam is highest at the center of the
circle and gradually decrease to the edges. Figure 4b is the characteristic curve that represents the
light intensity distribution at the output of the optical fiber of the 670 nm laser module at the
temperature of 25°C. The curve is measured using the slit-scanning method [22] showing a view
angle of approximately 30° at 16° of maximum intensity.

Pulse patterns at different frequencies when the laser module is in the pulsation mode are
illustrated in Figure 5.

4. Conclusion

In this paper, we have successfully developed a multiple wavelength laser device. The device
has a TFT touchscreen with a resolution of 1024 x 600 pixels. Along with EX3G PLC, it allows
adjusting the main parameters of the laser beam for each laser module separately, such as power
density, mode of operation, and duration. Each laser module uses a Microcontroller MTD 415T
and a Peltier thermoelectric element controlling with maximum thermal radiation of 3 W having
an error of 0.001°C. The electrical circuit supplying four laser modules can supply up to 1.5 A
maximum current for each module. The module laser is fabricated with a coupling efficiency of
up to 90%, and the output power of each output channel reaches 300 mW. The spectra of laser
modules show the clear peak wavelengths in the therapeutic window. The light beam at the
outside of the optical fiber of 30 cm is obtained. These parameters are well-suited for healing
open and chronic wounds based on the photobiomodulation effect. In the future, experimental
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testing for open and chronic wound treatment will be performed to assess the therapy abilities of
the device.
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