
 

CHAPTER 1 

 
 
 
 

INTRODUCTION 

 
 
 
 

1.1 Overview 

 
 
 There are many methods used in pumping process.  Basically, for gas laser or 

semiconductor laser it used electrical injection as pumping method. Most solid state 

lasers are pumped with optical sources (Noriah, 2002).  The goal in designing optical 

pumps for solid state laser is to match the output spectrum of the optical pump with that 

of laser pump bands.  Optical pump sources can be divided into two broad categories.  

One category is black and greybody radiators, of which filament lamps are the best 

example.  The other category is pump sources with line emission spectra, of which 

semiconductor lasers are the best example (Kuhn, 1998).  Noble gas discharge lamps 

are compromised between blackbody radiators and line sources.  They have significant 

blackbody component generated by recombination radiation from gas ions capturing 

electrons into bound states (free-bound) and from Bremstahlung radiation.  Noble gas 

discharge lamps are typically designed so that the plasma completely fills the lamp.   

 
 
 Flashlamp excitation is an attractive method to initiate laser of lasing media 

(Winstanley, 1997).  The first demonstration of laser action by Maiman was achieved in 

1960 by using ruby laser, a crystalline solid system where flashlamp was used as  
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pumping source (Hecht, 1991).  The flashlamp-pumped solid-state laser is now by far 

the most common pulsed laser system in the world with neodymium ions either in 

crystal or in glass as the preferred lasing medium (Shaw, 1997). 

 
 
 Pulsed flashlamps, particularly xenon filled flashlamps are used in variety of 

application.  Besides used as pumping sources in laser application, there are many 

others application of flashlamp.  These include light source for flash photography 

(Elloumi et al, 2004), copying, optical detection and optical ranging applications, in 

cosmetology, dermatology and other medical applications (Inochkin et al, 2004).  

 
 
 Ultraviolet light (UV) emitted by medium and high power flashlamp has been 

very useful tool for drinking-water treatment.  Intense peak power associated with 

microsecond pulses of ultraviolet light generated by inert gas (xenon, krypton) 

flashlamps appears effective tool, against a broad range of pathogens, including  

Crytosporidium and Giardia (Ganesh et al, 2003).   

 
 
 For the past few years, revolutionary new techniques in medical and aesthetic 

applications have been developed and they are taking the industry by storm. These 

techniques referred to as Intense Pulsed Light (IPLTM*), Variable Pulsed Light (VPL), 

Controlled Pulsed Light (CPL), or Intense Flash Light (IFL) are essentially the same. 

The systems harness the energy from a pulsed flashlamp and deliver it directly to the 

skin. Thousands of systems are currently operating in Japan and Europe, and the 

Federal Drug Administration (FDA) has cleared them for use in the USA.  This 

technique is providing highly effective in several treatment area (Attwood and 

Mehlmann, 2004).  These include hair removal, skin rejuvenation, medical skin 

treatment and acne treatment. 
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1.2 Flashlamp Driver Circuit  

 
 
 Studies of triggering flashlamp as pumping sources have been investigated by 

many previous researchers.  Thus, various methods and patterns of xenon flashlamp 

drivers have been designed. 

 
 
 Several generations of discharge circuit exists for driving flashlamp.  The 

original discharge circuits used an in-line trigger transformer or a trigger coil on the 

lamp to initiate conduction.  A series capacitor-inductor discharge would then occur to 

deliver the energy into the lamp.  This circuits whilst very simple.  Furthermore, has 

relatively high jitter between trigger and laser pulse and also reduces lamp lifetime.  

However, it is still used today for limited low repetition rate applications. 

 
 
 In order to improve the driver, the second generation of discharge circuits use an 

active simmer supply, which triggers lamp into conduction and keeps the lamp in 

conduction with a few hundred milli-ampere current flows through it.  A 

semiconductor-switching device, such as a thyristor, can then be used to control the 

discharge into the lamp.  This enables repetitive pulsed operation of the lamp.  Jitter and 

lifetime are much improved and the circuit works well for most application.  

 
 
 The latest and third generation for discharge technologies is the use of an 

opening and closing switch, such as an IGBT in combination with a large capacitor 

bank.  The energy storage must be greater than that to be delivered into the lamp.  This 

gives a highly flexible technology, where both the pulse energy and pulse length can be 

controlled independently.  Repetition rates of many kilohertz are possible and many 

different applications can be tackled by the same circuit implementation (Greenwood 

and Miler, 1999 ) 
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 Study of the designing single mesh circuit for driving xenon flashlamp was 

presented by Markiewicz and Emmet (1966).  This single mesh circuit has been found 

accurate and useful.  Pettifer et al (1975) reported a reliable 60 kV flashlamp triggering 

system.  The triggering system has proved to be an efficient and reliable unit for 

simultaneously triggering a pair of heavy walled, water cooled quartz flashlamp.  

Recently, in 1998 a zero-current switching resonant converter as a power supply of a 

pulsed Nd:YAG laser was adopted to control the laser power density.  This power 

supply was designed and fabricated suitable for the high frequency range and to reduce 

switching loss and noises (Kim et al, 1998).  A new method of sequential charge and 

discharge circuit (SCADC) was proposed by Hong et al (1999).  The power supply is 

composed of low frequency capacitors instead of very expensive high frequency 

capacitors.  This method have been designed and fabricated based on a cheap and 

simple power supply.   

 
 
 Kim et al (2001) have proposed a new power supply for pulsed Nd:YAG laser 

adopting zero crossing control (ZCC) method which is simple and compact in design.  

In this power supply, SCR was turned on at zero point of input AC voltage by the 

method of zero crossing control (ZCC).  In 2002, a new real time multi-discharge 

method (RTMD) was reported.  This method uses real-time one-chip microcomputer 

that can turn on the flashlamp with a precision of up to 1µs and thus can create diverse 

pulse shapes and strength, in addition to longer pulse (Hong et al, 2002). 

 
 
 A flashlamp driver for medical laser system was reported by McCarthy et al 

(2003).  This driver circuit was employed IGBT device for power switching and use 

microprocessor in order to control laser pulse width.  In 2004, Inochikin et al reported a 

power supply or driver circuit for a pulsed flashlamp.  A high-speed semiconductor 

switch was employed in order to turn on and off of the flashlamp by a suitable control.  

DC simmer current source was connected across flashlamp to maintain discharge in the 

flashlamp. 
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1.3  Comparison of Rare-Gas Flashlamp 

 
 
 Rare gas is also known as noble gas.  This noble gas is in Group 8A in the 

periodic list table.  They include neon, argon, krypton, xenon and radon (David, 1982).  

It was found that in the past few years there has been increased interest in rare gas 

flashlamp, particularly with respect to their application in solid-state laser pumping and 

in high intensity illumination for photographic work.  Substantially programs by a 

number of people have been carried out to investigate the characteristics of flashlamp.   

 
 

Oliver and Barnes (1969) presented data on the spectral emission characteristics 

of xenon, krypton, argon and neon in the region where the emission line spectra make 

up a substantial portion of energy.  From the spectra data in terms of both output power 

and emitted quanta, it was show that xenon is the most efficient of all the rare gases, a 

fact which has been reported previously by Barnes (1964).   

 
 
 Study of rare gas pumping efficiencies for Neodymium laser was reported in 

1969 by Oliver and Barnes.  The investigation was presented on the comparative 

pumping efficiencies of xenon, argon and krypton flashlamp.  The results obtained 

confirm that krypton can be more efficient than xenon for driving Neodymium laser 

when run at low current density.  Nevertheless, at high drive levels, xenon is superior to 

all the rare gases.   

 
 
 Fountain et al (1970) presented a study of comparison of Kripton and Xenon 

flashlamp for Nd:YAG laser.  As demostrated previously by Oliver and Barnes (1969), 

Kripton lamp was found generally superior to xenon for pumping Nd:YAG laser except 

at high current densities. 
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1.4 Problem Statement 
 
 

A flashlamp driver is the most important part in a solid state laser system.  It 

used as a pump source for laser material.  This study is the initial stage to develop a 

flashlamp driver circuit for optical pumping.  Hence, this driver can or will be used as 

references to develop a driver circuit that can be used as pump source in future.  

 
 
 
 

1.5 Objective 

 
 
 The main objective of this study is to develop a xenon flashlamp driver using 

PIC16F84A microcontroller and characterize the xenon flashlamp output.  The use of 

PIC16F84A microcontroller is as a control element. 

 
 
 
 
1.6 Scope 

 
 
 In this study, a programmable flashlamp driver circuit was developed.  

Programmability is provided by a PIC16F84 microcontroller.  The flashlamp driver 

used a series injection trigger mode as triggering circuit.  The current setup allows the 

flashlamp to operate in single shot.  A Rogowski coil was used to detect the pulse 

current waveform.  Xenon flashlight output is then recorded using CCD laser beam 

profile and analyzed by using imaging software.  A photodiode was employed to detect 

the output of the flash light.   

 
 
 
 
 
 
 

 



7 

1.7 Thesis Outline 

 
 
 This thesis is divided into eight chapters.  In the first chapter, it reviews some of 

previous research on the development of flashlamp driver, and the application of the 

xenon flashlamp in various field of research. 

 
 
 Chapter 2 reviews the characteristics of the xenon flashlamp including the lamp 

design, optical and electrical characteristics of the lamp.  Besides, the basic of the 

flashlamp driver, this chapter also discusses and the mode of tringgering the 

mechanisme of breakdown in gaseous. 

 Chapter 3 explains about the experimental methods and the techniques used in 

development flashlamp driver.  This includes a series injection triggering technique and 

image processing software.  A Rogowski coil is used to detect the current curve during 

the discharge.  The calibration of a high voltage power supply that is employed in the 

system is described in Chapter 4.   

 
 
 The development of pulse generator using PIC16f84A microcontroller, which is 

interfaced to the personal computer using RS232 lines driver is dicsussed in chapter 5.  

This generator acts like a control element for the flashlamp driver.  The development of 

flashlamp driver circuit is covered in Chapter 6.  Series injection triggering mode was 

employed to trigger a U-shape xenon flashlamp.  The pulse current during the discharge 

time was measured.  The relation of the pulse current and peak power during the 

discharge time due to the capacitance value or input energy is also discussed. 

 
 
 The characteristic of flashlamp output is enlightened in chapter 7.  The 

bandwidth of the flashlamp pulse at FWHM was measured using the IPL10050 

photodiode.  Plasma spectral gradient induced by xenon flashlamp was recorded with 

the aid of CCD Laser Profiler.   
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Finally, the conclusions of the project are noted in Chapter 8.  These provide with the 

summarization of the whole project and also problems arisen during the period of study.  

Finally, a few proposal are suggested for future study. 

 

 




