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A Noval Switch Mode Power Supply
for Flash Lamp Pumped
Nd: Yag Laser

* Kireet Semwal ** S. C. Bhatt

* Applied Science Department, GB Pant Engineering College, Pauri (Garhwal), Uttarakhand

** Department of Physics, HNB Garhwal University Srinagar (Garhwal), Uttarakhand

Nd: YAG laser is pumped by a simple & compact 12 V to 600 V, DC-DC Switch Mode Power Supply using Fly-Back Topology.
This power supply is capable of charging 270 uF capacitor at 600 V and discharge at the rate of 5 pps. Which generates
50 Joules 10 W energy at 100 kHz. It also generates a 20 KV trigger pulse employing to trigger laser flash lamp.The major
components of a power supply employed in a flash lamp pumped laser are a charging unit, a pulse-forming network, and
a flash lamp trigger circuit. Transistor 2N3055 is used as a switching element, and IC SG3524 is used as a pulse-width-
modulator.

A feature of this power supply is the fact that the repetition rate of the DC-DC converter progressively increases from 1kHz to
about 100 kHz during the charge cycle in order to keep the peak-to-peak rms current drawn from the battery at a low value.
This is achieved by a current-sensing network which feeds a signal to the logic circuit, which in turn controls the switching
frequency of the transistors in the DC-to-AC inverter. At full capacitor charge a voltage sensor turns off the driving signals to
the transistors. The switching transistor is turned on for a short period of time to allow current flow in the primary of the inductor.
When the transistor is turned off, the magnetic energy stored in the inductor is transferred to the energy storage capacitor; at
the same time the voltage is stepped up from 12 V to approximately 600 V. The trigger circuit consists a trigger transformer
with a capacitor and a SCR in the primary. When the capacitor is discharged, a high voltage of 20 kV is generated at the
secondary, which breaks down the lamp.

Introduction:

The rapid advancement of microelectronics in recent years
demanded the development of sophisticated, efficient and
lightweight power system, which has a high power-to-volume
density ratio with no compromise in performance. The high
frequency switching power supply meets these demands and
recently it has become the prime-powering source in the ma-
jority of modern electronic designs. Solid-state lasers have
been expensively used in a broad range of industrial, military
and medical applications. In optically pumped solid-state la-
sers the light source must supply the maximum possible light
output in the spectral region that can be absorbed by the la-
ser material. Electrical current, either continuous or pulsed, is
supplied to the pump source and converted into optical radia-
tion. The application of a particular pump source depends on
the desired output power, the mode of operation, i.e., pulsed
or continuous operation, high or low repetition rate, etc., and
on the laser material which has to be pumped. Flashlamps
are commonly used for the pumping of various solid-state
lasers. Commercially available Nd:YAG lasers have power
supplies which provides continuously variable regulated DC
voltages. The major components of a power supply employed
in a flash lamp pumped laser are a charging unit, a pulse-
forming network, and a flash lamp trigger circuit.

A low voltage DC supply provides power to an oscillator. A
low voltage AC output of the oscillator supplies high voltage
AC power through the transformer then this is rectified and
filtered to get the DC output shown in Fig.3. The heart of DC/
DC converter is power transformer. Small size and high ef-
ficiency are two desirable parameters in power converter.
Small size is achieved by an increased frequency which in
turn increases the core losses. To design a transformer for the
fly back converter Ferrite pot core is used here. Ferrite core in
this form has usable frequency range from 1 kHz to 20MHz.

Power transformer is designed as follows [2]:

Step-1 First it is necessary to calculate the transformer peak
primary current from fundamental inductor voltage relation-
ship. !
2
P{)ut = ELP[PPf

2P
And = w3344
Where V, = dc input voltage (V) = 12V, L, = transformer pri-
mary inductance (mH), d = duty cycle (ms) = 0.5, f = switching
frequency (kHz) = 100, |, = peak transformer current (A). The
output power in the complete energy transfer mode is equal
the energy stored per cycle times the operating frequency,
P.=10W.

Step-2 Calculate transformer primary inductance. Since the
peak primary current is now known, the transformer choke
primary inductance is now calculated by

V.o
Lp =—"—~=18uH

IPP
Step-3 Select the minimum size core. From magnetic core
catalog pick the core material and geometry, which suits our
application. If we were to wind only the primary winding in to
the bobbin, the winding area A, and core effective area A,
would be related by
A - (25.32L,1,,D*)10°

‘ ‘ Bmax

Where D is the diameter of the insulated wire and B, =B, /2
. Choosing a design current density value 400 cm/A for the
winding magnetic wires, for the winding magnetic wires.

~1.6 cm*
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Therefore the primary wire gauge is SWG 19, has diameter D
=0.1cm. B_, = 3300 Gauss at 1000 C. For this design B__ =
B, /2=1650G.

Step-4 Calculate the core air gap length. For practically cal-
culated A, =.84 cm?, air gap length is given by

0.4zL,1,,)10°
= % ~ 0.0098 cm
A{:‘B max
Step 6: Calculate transformer number of primary turns.
_ maxg
p=E———— R
04rl1,,

Step 7: Calculate number of secondary turns. Taking the out-
put rectifier diode drop V into account, the output voltage
V. of specific secondary winding is written accordingly. Thus

v = Nl +V5)(1-0)
’ V.o

in

~ 200

Driven flyback converter

Here the IC SG3524 is used as a pulse-width-modulator and
transistor 2N3055 is used as a switch. In PWM IC SG3524,
an oscillator generates an asymmetric square wave output
at a fixed frequency, i.e., 100 kHz. The flip-flop and the NOR
gate circuitry changes the duty cycle of the square wave train,
which is passing through it. This changed duty cycle pulse is
used to turn off the normally conductive transistor Q,. The
resulting negative going pulse at the collector of transistor
Q, is inverted by transistor Q,, producing a positive going
pulse at the collector of Q,. The low impedance output driver
combination of Q, and Q, is used to switch the main switch-
ing transistor Q,, ON or OFF, thus transferring energy to the
output of the converter through the transformer-choke T,.
Regulation is achieved by comparing a portion of the output
voltage, derived by voltage divider R, and R,, against a fixed
reference voltage V, , and an op-amp compares the feedback
signal from the output of the power supply to this fixed refer-
ence voltage V_.. The error signal is amplified and fed into the
inverting input of a comparator. The noninverting input of the
comparator accepts a sawtooth waveform with a linear slope,
generated by a fixed-frequency oscillator. The oscillator out-
put is also used to toggle a flip-flop, producing square wave
outputQand Q.

The comparator square wave output and the flip-flop outputs
are both used to drive the NOR gates, enabling each output
when one inputs to the gate are “Low”. The result is a variable
duty cycle pulse train at channels A and B. The output pulse
width is modulated when the error signal changes its ampli-
tude. Normally the outputs of the PWM controller are exter-
nally buffered to derive the main power switching transistors.
This type of circuit may be used to drive either two transistors
or a single transistor. Error amplifier controls any change at
the output due to line or load variation, which drives the base
of transistors Q, and Q, and Q, to be on for longer period of
time, while transistors Q, and Q, are switched on for a period.
Thus the pulse width is modulated according to load and line
conditions, stabilizing the output voltage.

An internal linear sawtooth oscillator is frequency-program-
mable by two external components, R, and C,, connected on
pin 6 and 7 respectively. The oscillator frequency is deter-
mined by
1
f:)SC RTCT

Output pulse-width modulation is accomplished by compari-
son of the positive swtooth waveform across capacitor C, to
either of two control signals. The NOR gates, which drive out-
put transistor Q, and Q,, are enabled only when the flip-flop
clock-input line is in its low state. This happens only during
that portion of time when the sawtooth voltage is greater than
the control signals. Therefore, an increase in control-signal

amplitude causes a corresponding linear decrease of output
pulse width.

The square output pulse from pin 14 of PWM drives the di-
rect-coupled power transistors Q, and Q,, as shown in Fig 2.
An emitter-follower comprised of transistors Q, and Q, alter-
nately switches the base of Q, to Vcc (12V) or ground, thus
turning it on or off. When Q, is on, transistor switch Q; is turns
on, also charging capacitor C, as shown. Diode D, limits the
charge on C, and also provides a path for the forward base
drive current IB1, which is set by resistor R,. With transistor
Q, off and Q, on, the charge capacitor C, is effectively con-
nected to the base-emitter of Q,, causing reverse current I,
to flow because of the polarity of the capacitor. The value of
I, depends on the gain of Q,, the value and therefore the
charge on capacitor C,, and the circuit impedances.

The Qj transistor and its associated components make up
a current-overload protective circuit. If there is excessive
current through the .25W sensing resistance, this transistor
turns on. In so doing, it inhibits the drive signal from the PWM.
The nature of the protection is such that repetitive attempts
to resume normal operation are made at a rate governed by
C, capacitor. As long as the overload persists, such attempts
merely result in shut-off of the drive. But, if the fault is cleared,
normal operation automatically resumes. The D, diode pro-
tects the “Comp” terminal (Pin 9) so that the C, capacitor
does not affect internal frequency compensation. Since the
transformer T, in the flyback converter also acts as a storing
energy inductor, diode D, and capacitor C, are the only two
elements necessary to produce a dc output. The transistor
is turned on for a short period of time to allow current flow in
the primary of the inductor. When the transistor is turned off,
the magnetic energy stored in the inductor is transferred to
the energy storage capacitor; at the same time the voltage
is stepped up from 12 V to 600 V. The device is short circuit
protected since the inductive voltage kickback charges the
capacitor after the transistor has turned off.

Trigger circuit: Flash lamps require high voltages of the
energy storage capacitor because of their high impedance.
Triggering of the flashlamp is initiated by a 15 to 20 kV trig-
ger pulse in the series injection trigger transformer and by
simultaneously triggering the ignitron to allow bank discharge.
Figure-3 shows a power supply which can charge 50 J ca-
pacitor bank at a repetition rate of 5pps. The discharge of
the stored energy into the flashlamp is generally initiated by
a high-voltage trigger pulse. The function of the trigger signal
is to create an ionized spark streamer between the two elec-
trodes so that the main discharge can occur. The initial spark
streamer is formed by the creation of a voltage gradient of
sufficient magnitude to ionize the gas column. In the series
injection method, a pulse is generated in a transformer whose
secondary winding is in series with the flash lamp. The high
voltage pulse causes initial ionization of the plasma. When
a series trigger circuit is used, the secondary of the trigger
transformer is part of the lamp discharge circuit; therefore
the resistance of the secondary winding should be much less
than the flashlamp resistance.

The trigger circuit consists a trigger transformer T, with a ca-
pacitor and a SCR in the primary as a trigger controlled by a
diac. When the capacitor is discharged, a high voltage (20 kV)
is generated at the secondary which breaks down the lamp.
Flashlamps are usually operated from a single- or multiple-
mesh LC network, called pulse forming network (PFN). The
network stores the discharge energy and delivers it to the
lamp in the desired current pulse shape. According to [1] the
inductance is calculated aSL:%, where t is pulse width. The
waveform of a typical flashlamp trigger pulse is given in Fig-
ure-5.

Result & Discussion: In this paper flyback dc-to-dc conver-
tor produce 12 V dc to 600 V dc with pulse width modulation.
This power supply is capable of charging 270 mF capacitor
at 600 V and discharge at the rate of 5 pps. Which generates
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50 Joules 10 W energy at 100 kHz. It also generates a 20 KV
trigger pulse employing to trigger laser flash lamp. This power
supply is constructed for the pumping of Nd:YAG laser, since
it is operated under such high pulse-repetition rate.
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Fig. 1 Pin diagram of IC SG3524N
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Fig. 2 Internal Circuit of IC SG3524N
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