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A Study on the Output Stabilization of the Nd:YAG Laser by the
Monitoring of Capacitor Charging Voltage

Ki-Kyong Noh*, Kum-Young Song**, Jin-Young Choi*, Jung-Hwan Hong***,
Sung-Joon Park* and Hee-Je Kim*

Abstract - The Nd:YAG laser is commonly used throughout many fields such as accurate material
processing, IC marking, semiconductor annealing, medical operation devices, etc., due to the fact that
it has good thermal and mechanical properties and is easy to maintain. In materials processing, it is
essential to vary the laser power density for specific materials. The laser power density can be mainly
controlled by the current pulse width and pulse repetition rate. It is important to control the laser
energy in those fields using a pulsed laser. In this paper we propose the constant-frequency current
resonant half-bridge converter and monitoring of capacitor charging voltage. This laser power supply
is designed and fabricated to have less switching loss, compact size, isolation with primary and
secondary transformers, and detection of capacitor charging voltage. Also, the output stabilization
characteristics of this Nd:YAG laser system are investigated. The test results are described as a
function of laser output energy and flashlamp arc discharging constant. At the energy storage capacitor

charges constant voltage, the laser output power is 2.3% error range in 600[V].
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1. Introduction

Solid-state lasers are more widely used in industry than
any other type. The reason for this is that the solid-state
laser has a better thermal quality, a better physical stability
and a finer durability. Nd:YAG lasers are more frequently
used among these solid-state lasers because this laser has a
high pulse repetition ratio, a relatively high gain due to the
narrow fluorescence line width, and small vibrations at the
threshold. Furthermore, since it has superior reaction
properties with the processing material, maintenance and
repair tasks are convenient, such as power transmission and
light concentration by normal optical facility [1-3].

This laser has been used in accurate material processing
with high hardness levels and high melting points. Now it
is used in the fields which need greater accuracy and a high
degree of stability such as medical operating equipment as
well as IC markings, IC productions, manufacturing of
surface alloy and semiconductor annealing [4-6].

In connection with these, a single pulse beam energy of
Nd:YAG is a significant element of laser manufacturing.
However, when we establish laser pulse repetition ratio,
the change rate of the single pulse beam energy becomes
worse as the repetition ratio increases [8-11].
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Consequently, it is necessary that the energy fluctuation
should be minimized by controlling the capacitor charging
voltage. In this study, we propose a new method of
Nd:YAG laser output stabilization by the monitoring of
capacitor charging voltage[12-14].

2. Equipment Settings

2.1 The Laser System

Laser oscillator

Power supply : IReal Time
Display
FeedhackSignal I —

Control part

Fig. 1 Schematic diagram of a pulsed Nd:YAG laser system

Fig. 1 shows the schematic diagram of a pulsed
Nd:YAG laser system. The laser head consists of a single
elliptical type, which has two mirrors along the optical axis
for laser vibration on both sides. The full mirror is concave
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and has a curvature radius of 2m and reflection ratio of not
less than 99.5%. The partial mirror is a flat mirror of 80%
reflection ratio. A stable resonance system is made of these
two mirrors.

The Nd:YAG rod and lamp are located at the focus. The
inner reflection surface with gold coating after surface
cutting has a good reflection with a wavelength range that
excites laser mediums in the lamp reflection light.

Heating by laser mediums as well as by lamps due to
long laser operations, effects the temperature distribution
of a medium, gives spatial changes of reflective index,
changes the output pulse type and severely damages the
medium. To prevent these results, the laser, rod, and lamp
should be cooled down with cooling water.

2.2 Power circuit

In this research, we have adopted a double power circuit
bv using voltage division capacitors as shown in Fig. 2 and
made it operate as half bridge type by adding a resonance
circuit. At this time, an on-and-off operation of the switch
occurs when the current in the switch is zero. So the power
loss by operating the switch is almost zero. Switch S; S,

come into the serial action of On and Off.
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Fig. 2 Laser power supply

IGBT (BSM75GB120DN2), which operates from 1 kHz
to tens of kHz, is used in the switching element. It is a half
bridge package type, which has 1200V of regular voltage
and 105A of regular current. IGBT is a hybrid
semiconductor element, which has a rapid MOSFET
switching of power and electrification of BJT. Also, it is
more convenient to use than BJT, due to its voltage control
element with high impedance between the Gate and
Emitter of MOSFET. Furthermore, it has a low and steady
on-drop regardless of current over BJT, which produces
more current than MOSFET.

Cr is used as a blocking capacitor. When input
capacitors C; and C; do not divide input voltage V; exactly
in two parts, or on-time of switches S; and S, do not accord
together exactly, there is a risk of the transformer being
saturated by the transformer's magnetic flux changes. To
prevent these occurrences, we dismiss the DC elements
that produce a lack of balance in flux change by adding a
blocking capacitor between input voltage and transformer.

2.3 Control circuit
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Fig. 3 PIC16F877 control circuit.

The control circuit uses PIC16FB77 as shown in Fig. 3.
The voltage charged in the capacitor should be maintained
uniformly for laser output. First, we put on SW1 and SW2
signals. Then, we read capacitor and charging voltage and
put these values in PIC through LPF (Low Pass Filter).
After that, these values are expressed in letter LCD
instantly, and are loaded into SCR signals through PIC
treatments. The signals in Fig. 4 and Fig. 5 are IGBT and
SCR operating signals.

"
Fig. 4 PIC and IGBT drive signal
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Fig. 5 IGBT and SCR drive signal
3. Experimental results
In this experiment, load capacitors and control

equipments are insulated by photo couplers, and are used
as input. These input signals are read by letter LCD, and
then instantly managed by PIC. The current pulse is
measured by ES300C of ABB Co.
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Fig. 6 The resonator current i waveform

Fig. 6 shows a wave current i, that is generated by
resonance between C, and L., when IGBT is operated by a
signal occurring from PIC. A large amount of resonant
currents flow initially because the load capacitor voltage is
zero. Recently, we have found that resonant current
reduces when the capacitor is gradually charged. Then,
when the set point is reached, the current reduces and
becomes zero. After that, IGBT operating ends, and the
mode changes from capacitor charging mode to capacitor
discharging mode as the trigger signal of SCR in the
second side is subjoined. At this time, the time delay of
1ms is given in order to complete the task. When the task
of half bridge converter ends, the discharge mode of the
second side starts.
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Fig.7 The current waveform of pulse transformer secondary

Fig. 7 represents the current waveform of the
transformer created by crossing paths with magnetic flux
of the primary current. The shape is similar to primary
resonance current waveform. It shows the uniform
waveform, but the amplitudes gradually reduce as the
charge ceases. The charging capacitor frequency operates
at SkHz as the IGBT On-Off cycle is 50 ps.
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Fig. 8 The charging current waveform of the secondary
part load capacitor

Fig. 8 shows another example of Fig. 7 rectified by
diode. These shapes only have (+) magnitude waveforms
due to the rectified waveforms. If it shows only (+)
magnitude, then its frequency is 10 kHz.

Fig. 9 A typical flashlamp discharge current waveform
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Fig. 9 depicts a discharge waveform of a flashlamp
measured by C.T. (Current Transformer) when the laser
has been oscillated continuously. It shows the uniform

waveform of the flashlamp. When we amplify it in 50 s,
its FWHM (Full Width at Half Maximum) is about 150 ys.
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Fig. 10 Comparison results between the sequential charge
and discharge circuit, and our proposed circuit

Fig. 10 shows the comparison test results between our
previous sequential charge and discharge circuits [10], and
our suggested circuit. In reference to the laser output, a
15% alteration ratio is revealed. That difference of output
power is caused by the charging process of the load
capacitor where the current originated from rectification,
resistance, inductor, and SCR switch. The input energy of
the load capacitor is so inaccurate that the desired energy
cannot be exactly stored. However, our proposed circuit
can store digitalized energy by using a feedback system,
which can precisely measure the load capacitor energy.
This method produces a stable output within 4% alteration
ratio as compared with our previous one.
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Fig. 11 The comparison results of various input voltages

Fig. 11 shows the results of individual ouiput energy
stability tests. This Fig. indicates the output energy
changing ratio. The actual graph has no changes in energy
levels, but it shows larger deviation in small changes as the
total average output is low. In exceptional cases, as the load
capacitor input voltage is 700V, some larger output change

is obtained. Especially, the best output error range of the
single pulse has achieved 2.3% when the charging voltage

is 600V.

4. Conclusion

In this study, we have proposed a new method of
Nd:YAG laser output stabilization by the monitoring of
capacifor charging voltage. It was shown that our proposed
method was adopted effectively in designing the stable
pulsed laser output.

This method has improved the error range of laser output
within 4% compared with our previous sequential charge
and discharge method that has a 15% output error range. In
particular, the optimal output error range of the single pulse
has obtained a 2.3% improvement at the charging voltage

of 600V.

References

(1] A. L. Schawlow, C. H. Townes, Phys. Rev. 112,
1940(1958).
[2] T. H. Maiman, Nature, 87, 493 (1960).
[3] W. Koechner, Solid-State Laser
Springer-Verlag, Heidelberg, 1996
[4] Kee-Jun Kim, et al., Principal and Application of
Laser, Dea-YoungSa, 1997

[5] J. E. Harry, Industrial Laser and Their Application,
Mcgraw-Hill, 1974

(6] Hee-je Kim, et al, Fabrication and Application
technique of Nd:YAG Laser, The Korean Institute of
Electrical Engineers, 42(3), 19-27, 1993

[7]1 Hujii KM. The specific nature of high power
Nd:YAG laser for welding[ML-2801A}. Japanese
Lawer Association (in Japanese), 1991, pp13-8

{8] Jung-Hwan Hong et al, Long pulse generation
technology of solid-state laser adopting a new real
time multi-discharge method, Optics & Laser
Technology, 34(2002) 203-207

[9] Orazio Svelto, Principles of Lasers, New York
(Plenum), pp 53~ 71

(10] Jung-Hwan Hong, et al., A new proposal of high
repetitive Nd:YAG laser power supply adopted the
sequential charge and discharge circuit, Optics &
Laser Technology, 31, 397-400, 1999

{11} John Hawkes, lan Latimer, Lasers Theory and
Practiec, Prentice Hall, New York, 1994

[12] Rahul S. Chokhawala, Switching voltage transient
protection schemes for high-current IGBT modules,
IEEE Transactions on Industry Applications, vol. 33,

Engineering,



100 A Study on the Output Stabilization of the Nd:YAG Laser by the Monitoring of Capacitor Charging Voltage

no. 6, 1997
[13] Hee-Jun Kim, Foundation design of Switching Power,
Sung-AnDang, pp. 239-292

[14] Electrical Technique Investigation Conference,

Design Master of Power circuit, Kee-MoonSa, pp.
347-356

Ki-Kyung Noh
He received his B.S. and M.S. degrees
in Electrical Engineering from Pusan
National University, Korea in 2000. He
is currently working toward a Ph.D. in
, Electrical Engineering at Pusan
‘ National University. At present, he is
employed by the Korea Hydro &
Nuclear Power Company.

Kum-Young Song

He received his B.S. degree in
Electrical Engineering from Pukyoung
National University in 2001. He
received his M.S. degree in Electrical
Engineering from Pusan National
University in 2003. Currently, he is
employed at the Korea Hydro &
Nuclear Power Company.

Jin-Young Cheoi

She received her B.S. degree in
Electrical Engineering from Silla
University in 2002. Currently, she is
working towards a M.S. degree in
Electrical Engineering at Pusan
National University.

Jung-Hwan Hong

He reccived his B.S. degree in
Electrical Engineering from Kyong-
sung University in 1995. He received
his M.S. degree and D.R degree in
Electrical Engineering from Pusan
National University. Currently, he is
working at the Technical Research
Institute of MEDIMIR Inc.

Sung-Joon Park

He received his B.S. degree in
Electrical Engineering from Dongeui
University in 2000. He received his
M.S. degree in Electrical Engineering
from Pusan National University in
2002. He is currently working toward a
Ph.D. in Electrical Engineering at
Pusan National University.

Hee-je Kim

He received his B.S. and M.S. degrees
in Electrical Engineering from Pusan
National University, Korea in 1980
and 1982, respectively. He joined the
Plasma & Laser Lab of the Korea
Electro-Technology Institute in 1983 as
a Research Engineer and went to
Kyushu University, Hukuoka, Japan in 1985 where he
received his Ph.D. in 1990. As of 1995, he has been a
Professor at the School of Electrical Engineering, Pusan
National University.




