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Abstract—In this paper, we designed an intelligent 808nm 
high-power semiconductor laser therapeutic apparatus with 
the LPC2138 ARM processor. The laser is driven by the digital 
constant current source module, and the apparatus has good 
human-machine interaction performance on account of set the 
parameters intelligently. The function such as operation mode, 
output power, output pulse width and pulse cycle could be 
easily set through the TFT touch screen. The application 
software could transmission the log data to the computer by 
the USB interface in order to check and study the records later. 
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I. INTRODUCTION 

At present, the laser therapeutic apparatus is one of the 
medical equipment which be introduced rapidly by hospital 
due to the widely applied in ophthalmology, surgery, 
gynecology, cardiovascular division, skin, and other fields of 
disease treatment[1]. The semiconductor laser has be paid 
much attention in the laser therapeutic apparatus because of 
small size, light weight, high efficiency, low cost, long life, 
easy to transmission with the optical fiber and other 
advantages[2]. Therefore, the semiconductor laser has very 
broad application and development prospect. However, the 
laser therapeutic apparatus in our country hospital are mostly 
dependent on import which is not only high price, but also 
inconvenience for maintainability. 

In order to change the current situation which the laser 
therapeutic apparatus is dependent on import, and replace the 
imported products with the independent research and 
development products. We developed a new kind of laser 
therapeutic apparatus which used 808nm high-power 
semiconductor laser as the core, and LPC2138 as the central 
processor. 808nm laser has widely attention in the research 
and development in medical instruments due to the 
advantages as weak absorption of water, strong absorption of 
melanin and hemoglobin and moderate depth of penetration 
organization. Compared with other types of microprocessor, 
LPC2138 as a new type of ARM microprocessor has many 
advantages such as rich peripherals interface, high efficiency 
and stability, easy to implement the complex task and 
especially suitable for application in laser therapeutic 
apparatus which need multitasking occasion. 

II. SYSTEM DESIGN

Laser therapeutic apparatus is composed of LPC2138 
main control module, laser digital constant current source 
modules, touch screen human-machine interactive module 
and computer software. The apparatus has a variety of laser 
output mode configuration, intelligent setting function for 
output laser parameters, control function for the output laser 
time, storage function for save the medical log data and 
transfer function for upload the log data to computer via 
USB. Figure 1 Shows the Product Photo of “808nm High-
Power Semiconductor Laser Therapeutic Apparatus”, of 
which each function indexes reach or exceed the technology 
level of imported similar products.  

The block diagram of 808nm high-power semiconductor 
laser therapeutic apparatus shown in figure 2, LPC2138 as 
the main controller, use the digital constant current source
to driver 808nm semiconductor laser module, the TFT touch 
screen as human-machine interaction module which is used 
to set the laser operate parameters and other functions. The 
apparatus has FLASH storage function which used for the 
storage log data of treatment. At the same time, Apparatus 
has a micro-printer to meet the printing needs for log data of 
treatment. It could transfer the log data to computer through 
USB data communication module, and with the application 
software for doctor check and research the treatment log 
data. 

Figure 1.Product Photo of 808nm High-Power Semiconductor Laser 
Therapeutic Apparatus 
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Figure 2. System block diagram of laser therapeutic apparatus 

III. HARDWARE DESIGN

A. Laser module 
This semiconductor laser therapeutic apparatus 

combined six 5W single-tube lasers to a 808nm high-power 
laser that the maximum output power up to 30W[3]. In the 
design, the single-tube lasers are installed by ladder-shaped 
distribution in the heat sink, use of non-spherical micro-
cylindrical lens for fast axis beam collimation and spherical 
cylindrical lens for slow axis beam collimation[4]. To 
realize the focus of the fast and slow axis through the two 
groups of cylinder lens, and the laser beam are coupled into 
the fiber with the core diameter is 200um and numerical 
aperture is 0.22 to output at last[5]. Figure 3 shows the 
characteristic curve of the laser module, curve A shows the 
laser current and the output power relation, and curve B is 
the voltage-current characteristic of the laser. From the chart 
we could see that the laser threshold current if 0.5A, the 
maximum output power is 30W, the rated current is 5.17A 
and the rated voltage is 11.29V. 

Figure 3. Characteristic curve of 808nm High-Power Semiconductor Laser 
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Figure 4. Schematic diagram of Digital controlled constant current source 
module 

B. Digital controlled constant current source module 

High-power semiconductor laser generally uses the 
constant current driving mode[6]. For the convenience of 
control laser power output, this apparatus used the digital 
constant current source driver and the schematic diagram is 
shown in figure 4. 

 The main microprocessor LPC2138 controls the 
DAC7513E(U1) which is 12 bit digital-analog converter to 
output 0-5V digital controlled voltage signal through SPI 
interface with the pin DAIN, DASK and DACS. This 
voltage signal are input to high-speed analog switch 
MAX4624(U2) and be controlled by a GPIO pin SSCH of 
LPC2138 to make the output voltage signal on or off[7]. So 
we could get a digital controlled voltage signal with variable 
of output voltage, period and duty-cycle. 

The digital controlled voltage signal is input to the 
MOSFET IRF2907(Q3) through the voltage-current convert 
circuit by two amplifier CA3140 (U3 and U4). By changing 
the open and close degree of MOSFET to control the current 
of laser (J2), and then control the laser output power. Thus, 
by the program set of LPC2138 we could make the laser 
output power, pulse width and duty-cycle to produce various 
kinds of laser output mode to treatment different diseases. 

IV. SOFTWARE DESIGN

Apparatus system software used TFT touch screen as the 
human-machine interaction[8], and designed a graphics 
library software system named "CUST-GUI V1.02" to 
complement the multiple operation.  

Figure 5 shows the main operating menu of this laser 
therapeutic apparatus, including main menu (Figure 5A), 
parameter setting menu (Figure 5B) and system setting 
menu (Figure 5C). On the left side of the main menu is the 
laser working combination parameter display frame, 
including laser operate mode, output power, pulse width and 
duty-cycle. On the right side are four control buttons, by 
click those could enter into next level menu of parameter  
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(A)                                   (B)                                  (C) 
Figure 5. Main menu of laser therapeutic apparatus 

setting or menu of system setting, or control the laser output 
start or stop. At the bottom of the main menu is the system 
status bar which used to display the current system status 
and time. 

Parameter setting menu is one of the second level menu 
of the system. It has four options for laser operate parameter 
setting, they are laser operate mode, laser output power, 
pulse width and duty-cycle. Among them, laser operate 
mode setting menu include operation mode setting and 
output laser time setting, and we could get different laser 
output mode through the combination of the different 
parameter setting.  

The system setting menu is the other second level menu 
of the system, including data transmission, file management, 
system time setting and version information. The four three 
level menu function are shown as follow: the data 
transmission menu is used to transfer the log data of 
treatment to computer through USB interface, the file 
management menu is used to show, check and print the log 
data of treatment, the system time setting menu is used to 
adjust the real time of the whole system, the version 
information menu is used to display some information of the 
system software about the apparatus such as the software 
version and instructions for use. 

V. CONCLUSION

The apparatus was designed user-friendly using TFT 
touch screen and self-developed "CUST-GUI V1.02" 
graphics library software system. It has USB 
communication, data storage and printing functions, 
convenient operation and easy to use. This apparatus has 
many advantages such as high electro-optical conversion 
efficiency, small size and lower operating cost. At present, it 
has completed dental-related clinical trials in the Second 
Hospital of Jilin University, and the investigations in our 
study showed that irradiance of 15.5W and exposure time of 

5s per spot in continuous output mode for 808nm diode 
laser seemed to be an appropriate choice for laser skin 
welding. The performance of this apparatus indicators have 
met or exceeded the level of similar imported products, and 
the cost is only 1/3 of the imported products. Therefore, the 
laser therapeutic apparatus has extensive market and 
application prospect  our country. 
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