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Abstract 
 

The University of Missouri-Columbia (UM-C) has 
developed pulsed ultraviolet (UV) photon sources 
commensurate with enhanced ultraviolet inactivation of 
hazardous microbials on surfaces or in a water matrix. 
Pulsed xenon flashlamps have been optimized to produce 
a high ultraviolet photon yield in the 180 – 320 nm range 
that is lethal to microbials; and has a high cross-section 
interaction with photosensitizer chemicals to 
synergistically enhance microbial inactivation. Electrical 
models have been derived to predict the time dependent 
plasma discharge impedance profiles of the flashlamp UV 
source. These models are discussed in the following 
paper. 

 
 

I.  INTRODUCTION 
 

Researchers at the University of Missouri – Columbia, 
have developed a rapid process to inactivate pathogenic 
microorganisms resident on surfaces by misting 
photosensitizing chemical solutions onto the surfaces and 
illuminating them with ultraviolet (UV) light.  This 
process relies heavily on the UV spectrum below 280 nm 
(UV-C) for these energetic wavelengths directly damage 
cellular DNA and have a high cross-section interaction 
with the photosensitizer chemicals, yielding radicals and 
reactive oxidative species that synergistically enhance 
microbial kill [1].  Accordingly, a high power linear, 
xenon flashlamp system has been developed to support 
this research effort.   Spectra from the flashlamp is 
emitted as atomic transition line radiation superimposed 
on a broadband continuum, ranging from the deep UV 
into the infared.  Xenon gas was chosen for it’s high 
efficiency of electrical to optical energy conversion, 
particularly in the UV-C band of interest [2].  The 
flashlamp system was optimized for UV-C generation 
through circuit design [3-7], lamp selection, and short 
pulse operation [8,9].  It has been shown that the current 
density has a substantial effect on tailoring the spectral 
output of the xenon discharge.  As this parameter is 
increased from a few hundred to a few thousand A/cm2; 

continuum radiation intensity increases rapidly, the 
average spectrum shifts toward shorter wavelengths, and 
the average photon energy is increased [2,10]. 

 
 

II. METHODS AND MATERIALS 
 

A Perkin Elmer linear xenon flashlamp, described in 
Table 1, was driven from a critically damped single stage 
pulse forming network (PFN) consisting of a 32 µF 
capacitor and a 1.4 µH inductor.  
 

Table 1.  Perkin Elmer flashlamp properties.1 
 

Flashlamp 
model 

Fill 
pressure 

Arc 
length 

Bore 
diameter 

L8083E 450 torr Xe 10 cm 0.7 cm 
 
 

A diode stack in parallel with the flashlamp provided 
reverse current protection.  An external trigger circuit 
based on a Perkin Elmer TR180B trigger transformer was 
utilized to initiate ionization within the flashlamp.  
Electrical discharge energies ranging from 16 - 100 Joules 
per pulse resulted in current pulse widths from 
approximately 23.3 to 15.5 µs respectively.  Figure 1 
details the PFN driving circuit and external trigger circuit 
configurations used. 
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Figure 1.  PFN and external trigger circuit configuration. 

 
A flashlamp simulation model, graphically illustrated 

in figure 2, was developed for the Pspice circuit 

                                                 
1 Currently with Honeywell Kansas City Plant 
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simulation software package.  The model simulates the 
behavior of the plasma for a given set of discharge 
parameters determined by the PFN circuit components 
and the flashlamp physical properties.  The discharge is 
characterized by the plasma resistivity, plasma 
temperature, and plasma resistance, pursuant to the 
following equations [7,11]: 
 

( ) 3 240.96 10x Tρ
−

=   [1] 

( )
4
11519T j r=   [2] 

lR A
ρ=    [3] 

 
where   =  Plasma temperature (T oK) 

  =  Current density (A/cmj 2) 
r  =  Plasma radius (cm) 

  ρ  =  Plasma resistivity (Ω-cm) 
  = Plasma resistance  (Ω) R
  =  Flashlamp arc length (cm) l

  A  =  Flashlamp area (cm2) 
 

 

Figure 2.  Flashlamp simulation model. 
 
 

Equations 1, 2, and 3 are the culmination of an 
extensive literature review of xenon arc characteristics.   
Equation 1 was derived from Spitzer’s resistivity theory 
for a fully ionized (Lorentzian) plasma [12]. 

A current controlled voltage source (H1) and two 
voltage controlled voltage sources (E1, E2) are used 
simply as buffers in the model (figure 2).  Current 
generated in the discharge circuit is transformed into an 
equivalent voltage at nodes A and B of the flashlamp 
model, and is used as input to the calculation (ABM) 
blocks.  Equations 1, 2, and 3 are then utilized in 
combination to determine the plasma temperature based 
on the discharge current density, the plasma resistivity as 
a function of the plasma temperature, and finally the 
plasma resistance.  The multiplier block located between 
the flashlamp resistance block and E5 part is used to 
develop the voltage across the flashlamp and feed it back 
to nodes A and B by multiplying the input current and the 

time varying resistance of the flashlamp.  The parameter 
block is used for ease in manipulating flashlamp 
parameters (i.e. arc length, bore diameter and cross 
sectional area) allowing a variety of lamps styles to be 
simulated.  The model assumes a fully ionized quasi-
collisionless plasma which completely fills the flashlamp 
bore.  Future improvements to the model will incorporate 
the temporal behavior of the lamp inductance and 
resistance.  

The dose or energy per unit area ultraviolet light 
calibration was measured utilizing a model S310 
Scientech VectorTM laser power meter and an AstralTM 
model AC25HD Calorimeter.  Cut-on filters, coupled with 
a subtraction method, were employed to characterize the 
spectral output for the flashlamp.  A family of high 
quality Andover cut-on filters was selected for their sharp 
wavelength cut-on properties.  Corrections were made for 
both the calorimeter response (~92%) and filter response 
(~90%) from 180 nm to 2.1 µm.  Radiant energy 
measurements were made with the calorimeter placed 30 
cm from the flashlamp, which was mounted within a 
parabolic reflector housing to optimize radiant energy on 
target.  The lamp was typically operated at a pulsed 
repetition rate of 10 Hz, and the calorimeter was operated 
in an average power mode over a 60 to 90 second time 
period to minimize the effect of pulse-to-pulse variations 
in output radiation.  The spectrum was obtained with a 
Princeton Instruments Optical Multichannel Analyzer.  
Corrections for both the wavelength dependent response 
of the detector and grating efficiency were included. The 
measurements were used to validate the model. 
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III.  EXPERIMENTAL RESULTS 
 

Figures 3 and 4 clearly demonstrate the rapid increase 
in continuum radiation, particularly in the 200 nm to 400 
nm regions, manifest to increasing discharge energy and 
current density.  The increase in discharge energy 
between figures 3 and 4 is 300% resulting in a current 
density increase of 270%.    

 
As shown in figure 5, nearly 50% of the total optical 

energy being radiated between 200 nm and 600 nm falls 
in the UV wavelength band.  Electrical to optical energy 
conversion efficiency over a wavelength range of 180 nm 
to 2.7 µm was found to be as high as 73% for 64 J and 
100 J discharges.  PFN circuit efficiency was accounted 
for in determining percentage of the energy actually 
delivered to the flashlamp. While the observed conversion 
efficacy is high, it is not unprecedented, as others 
researchers have measured conversion efficiencies of 65% 
from 350 nm to 1.1 µm [10], and 78% for UV through IR 
wavelengths [13]. 

 
Figure 6 shows the relative percentages of UV and 

UV-C emission for 16 J through 64 J discharges. The data 
shows that the percent increase in UV radiation is 47.4% 
while the percent UV-C emission increases nearly twice 
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as fast at 96.1% as a function of discharge energy density.  
A similar plot of this data is derived as a function of 
percent explosion energy, or the ratio of input energy to 
single shot explosion energy of the flashlamp. This 
parameter is defined as the input energy likely to result in 
rapid envelope failure, and is a function of lamp 
dimensions and fill pressure.  
 

 

200 250 300 350 400 450 500 550 600
0 

1 

2 

3 

4 

5 

6 x 10 4 

Wavelength 

In
te

ns
ity

 ( 
A

U
 )  

 

 

Figure 6.    Percent ultraviolet emission as a function of      
discharge energy density. 

 
 

IV.  DISCUSSION  
 
The measured flashlamp characteristics were compared 

to selected simulation results obtained with two PFN 
circuit inductances as shown in figures 7-9.  This is meant 
to illustrate the effect of a time variant flashlamp arc 
inductance, which is not incorporated in the current 
flashlamp simulation model.   Hohlfeld gives a review of 
this subject [6,11].   This effect, which becomes more 
prominent for larger lamps and longer pulse durations, is 
a function of the time varying plasma arc diameter and 
flashlamp energy deposition.  At early times in the 
discharge when the plasma arc is growing, the effective 
lamp inductance is higher than when the arc has fully 
developed.   This effect may be seen in the current plot of 
figure 7 for a 36 J discharge.  Current rise-time is more 
accurately simulated with the higher inductance value.  
The higher inductance tends to slow current rise-time and 
a decrease in the peak current discharge current.  The 
opposite effect is seen in the current fall-time when the 
arc is fully developed and inductance is lowered.  In this 
case the lower discharge circuit inductance is a better 
approximation to actual flashlamp behavior.  

 

Figure 3.  Xenon spectra for a 16-Joule discharge 
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Figure 4.  Xenon spectra for a 100-Joule discharge. 
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Figure 5.   Integrated spectral emission for increasing 

discharge energy. 
Figure 7.  Measured and simulated flashlamp current 
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The same effect is manifest in the measured vs. 
modeled lamp resistance, as shown in figure 8.  The 
resistance is equal to the measured voltage drop across the 
lamp divided by the current.   The resistance was typically 
on the order of 200 - 400 mΩ during the high current 
phase of operation.   
 

 

40 50 60 70 80 90 100 110
0 

0.5 

1 

1.5 

2 

2.5 

3 

Time ( microseconds ) 

R
es

is
ta

nc
e 

( O
hm

 )  

Measured Resistance         
Simulation Resistance 3.0 uH
Simulation Resistance 1.5 uH

 
Figure 8.  Measured and simulated flashlamp resistance. 
 

The model developed using the Spitzer equation and 
the Gonz relationship when integrated with a circuit 
simulation program predict the measured flashlamp 
plasma profile and resistance. It is our intent to further 
expand this model to include a time varying inductance 
that includes the time dependent expansion rate of the 
flashlamp plasma. In reality this may be somewhat 
difficult for the plasma initiates at the surface of the 
flashlamp bore, and then rapidly expands to fill the bore 
of the lamp. The initial characteristics of the flashlamp 
plasma are however strongly dependent on the trigger 
voltage and waveform. As such the time dependent 
variation of inductance with current risetime may be 
difficult to model and scale to various bore diameters or 
current densities. 
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