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ABSTRACT 

A water dielectric doubl e Bluml ein pulse generator 
has been desi gned t hat could deliver a 790 KV prepul se 
and then sustain 800 KA for about 300 ns in a novel l ow 
inductance Excimer laser head . 

INTRODUCTION 

The goal of thi s design was a laboratory pulse 
generator to drive rare-gas-halide lasers such as XeCl 
having the following assumed properties. 

1) Once conducting at s t eady current, t he laser 
head will operate at 600 vol ts per em per a tmosphere of 
gas pressure. Thus at an e l ectrode spacing of 40 em and 
a gas pressure of 5 atmospheres the operating voltage 
(regul ated by the laser gas) wil l be 120 KV. 

2) The el ectrode spacing wil l be 40 em with a 
current path wi dth of 20 em and the act ive lengt h of 
t he lasing gas will be 3 meters, resul ting i n a lasing 
gas volume of 2~0 liters . The maximum energy deposited 
in the gas is l imited by HCl depletion to 25 joules per 
liter per atmosphere; t herefore, at 5 atmospheres, t he 
laser will turn off when 30 KJ is delivered . 

3) In or der to achieve rapid breakdown and good 
discharge in t he l aser gas, a precondit ioni ng high 
vol tage pul se at l east ~ to 6 times the regulated 
operating voltage is necessary. This pulse should rise 
rapidly and persist until breakdown in the lasing gas 
is initiated, starting current flow. Until such 
br eakdown occurs, the laser head is an open circuit 
except for i t' s shunt capaci tance. 

Thus the required generator should have the 
following features. 

1) Provide a preconditioning pulse of about 720 KV 
or more duri ng the early nonconduct ing phase of the 
l aser . This pulse should have a fast rise time of about 
100 ns or l ess and persi st until the br eakdown process 
(current initiation) starts. This time may be as long 
as 100 ns . 

2) Minimize the current r ise t ime into the l asing 
gas . 

3) Provide a current of about 750 KA minimum t o 
the lasing gas during the period that t he vol t age is 
regulated to 120 KV unti l a mini mum of 30 KJ has been 
del ivered. 

4) Provide a means for safely dissipating residual 
energy in t he system after 30 KJ has been del ivered. 

5) Since t he driver is to be ~research tool to 
study gas lasers in the laboratory and not a field 
model, t he above features should take precedence over 
efficiency of energy transfer f rom the driver to the 
l as ing gas. 

PULSE POWER SYSTEM 

A schematic cross section of the water dielectric 
Blumlein pulse forming l ine is shown i n Figure 1 and 
nicknamed Dragon I for obvious reasons. 

The l ine was to be fabricated or flat a l uminum 
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DRAGON I 

Figur e 1. Schematic cross sect ion of t he water 
dielectric Blumlein pulse forming 
line 

plat~s rolled into t he corrugated cross section shown. 
This corrugated shape conserved physi cal l ength for a 
given pulse l ength and made it very stiff i n the 3 
meter dimension perpendicul ar t o t he cross s ection . 
Thus the five corrugated s heets could be hung from the 
outer edges with long insulating rods to the side wall s 
without drooping too much , thereby eliminating the need 
for short insulating posts between the sheets with 
their inherent probability of vol tage breakdown . 

In the di scussion to follow, the bottom sheet 
wil l be referred to as sheet number 1 and the next 
sheet up number 2 etc. 

Sheets 1 and 5 are at ground potential at all 
t i mes. Sheet 3 should be at ground potential at the end 
or the voltage charge of the system but t ied to ground 
t hrough an impedance of sufficient val ue so as not to 
effect the fast transi ent behavior of t he system when 
initiated by the multichannel switches . Sheets 2 and 4 
(connected together at the left end ) will be resonance 
charged to a voltage level of ~ ~3 KV in a few micro­
seconds from an appropr iate Marx generator. The Mar x 
gener ator will not be discussed in this paper . The 
water gap spacing between adajacent sheets is 6 .9 em , 
and the system wi l l operate between about 60% and 90% 
of calculated water breakdown, depending on the charge 
time used . The switching in this generator occurs at 
the left s i de of Figure 1 between sheets 1 and 2 and 
between 4 and 5. These switches are in parallel and the 
inductance of the parallel combination of the t wo 3 
meter long switches should be about 10 nH or less to 
provide the short risetime for the high voltage precon­
ditioning pul se . This could be easily accomplished by 
any number of multichannel switch types such as 
midplane oil gaps, gas rail gaps, mult ichannel gas 
trigatrons , or even triggered solid di el ectric 
switches, i f super short riset i me were desired. A major 
advantage to this switch a r rangement is that one of the 
electrodes of each switch is grounded , making it easy 
to br ing i n coaxial t rigger cables to each switch si te. 
A second advantage is that the waves from each channel 
of the multi channel swi tches have plenty of distance to 
combine and form a uniform wavefront over the 3 meter 
wi dth of the line before reaching the laser head, 
thereby assur ing uniform precondi tioning voltage and 



Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information  Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302  Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number  

1. REPORT DATE 
JUN 1985 

2. REPORT TYPE 
N/A 

3. DATES COVERED 
  -   

4. TITLE AND SUBTITLE 
Water Dielectric Pulse Power Driver For Rare-Gas-Halide Lasers 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Naval Research Laboratory Washington, DC 20375-5000 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release, distribution unlimited 

13. SUPPLEMENTARY NOTES 
See also ADM002371. 2013 IEEE Pulsed Power Conference, Digest of Technical Papers 1976-2013, and
Abstracts of the 2013 IEEE International Conference on Plasma Science. Held in San Francisco, CA on
16-21 June 2013. U.S. Government or Federal Purpose Rights License. 

14. ABSTRACT 
A water dielectric double Blumlein pulse generator has been designed that could deliver a 790 KV prepulse
and then sustain 800 KA for about 300 ns in a novel low inductance Excimer laser head. 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 

SAR 

18. NUMBER
OF PAGES 

3 

19a. NAME OF
RESPONSIBLE PERSON 

a  REPORT 
unclassified 

b  ABSTRACT 
unclassified 

c  THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



current per unit length in the l aser . For systems with 
the multichannel switch near the l aser head it is very 
difficult to achieve comparabl e current uniformity 
without many more channels. A further disadvantage to 
locating the switch near the laser head is that, in 
this location the switch inductance aff ects the current 
risetime in the head. In the system of this paper, if 
the l aser gas were to instant ly regulate the voltage, 
the current rise time constant in the head woul d be t he 
head inductance, only, divided by the sum of the 
generator and head resistances. The switch inductance 
woul d not be involved. 

In order to shorten the current rise time, a new 
cross sectional design for laser heads of this general 
type was originated to mate well with this driver . This 
head is shown a t the right of Figure 1 and in detail in 
Figure 2 with static equipotential sur faces, at 5% 
interval s , plotted between the electrodes. 

Figure 2. ~ew laser head cross section with static 
equipotential surfaces , at 5% intervals, 
plotted between t he electrodes 

I t dramat i cally reduces the i nductance of such 
heads and the probability of insulator surface 
tracking , since t her e are no electric fields , of 
sufficient magnitude within the head , to drive charged 
particles from either electrode toward the insulator­
gas interfaces. Therefore, these interfaces can be much 
closer to the electrodes and current path , thereby 
reducing the tube inductance. The total inductance for 
a 3 meter long discharge in t his head calculates to be 
15 nH. This head principle has been successfully tested 

experimentally on a smal l model a t ~RL. 1 

At t he left end of the driver between the common 
~onnection of sheets 2 and 4 and the end of sheet 3 is 
a multichannel water gap. This gap will be spaced and 
field enhanced in the proper directi on to hol d off the 
original charge voltage but to close on field reversal. 
Experience at ~RL on the Gamble I I pulse power genera­
tor has shown that water switches are lossy and make 
60od damping resi stors. Therefore, thi s water gap wil l 
be used to absorb the excess energy in the system. I n 
case the water gap itself does not have suffi.cient 
resistance, the required resistance will be added in 
series with the gap. 

TRA~SIENT A~ALYSIS OF THE SYSTEM 

Figure 3 is a circuit for t he driver broken up 
into the appropriate transmission line elements for 
analysis by the NRL transmission line code. 

Element 1, a 1 ns long 10 ohm line , is used to 
represent the 10 nH inductance of the energy absorbing 
water gap with .485 ohm r esistance at node 1. Element 3 
represents the 10 nH inductance of the triggered 
multichannel swi tch at node 5 which closes through 0 
ohm at the start of the analysis. Elements 2 and 4 

0<.12 

Figure 3. Transmission line circuit for the Blumlein 
pul se forming l ine system 

represent the main pulse forming l ines of the Blumlein 
gener ator. Element 5 is a short section of transmission 
line which matches t he .97 ohm impedance of the genera­
tor and feeds the laser head. Element 6, a 1 ns long 15 
ohm line , represents the 15 nH and 67 pF of the laser 
head. The laser resistance at node 12 is programmed to 
be an open circuit until breakdown is initiated and 
then r egulate the laser voltage to 120 KV until the end 
of t he Bluml ein generator main pulse . I n one analysis 
the voltage dropped to the 120 KV level with a time 
constant of 20 ns and in another i t dropped abruptly. 
In the first case, the r i setime (10% to 90%) of the 
laser current was 59 ns; and, in t he second case , was 
34 ns . In all analyses , the laser head was allowed to 
absorb energy until the end of the Blumlein generator 
main pulse rather than turning off after 30 KJ was 
absorbed, since the laser resistance was unknown after 
turnoff. In order to study the damping effect of the 
. 485 ohm water gap resistance as t he sole residual 
energy dump , the laser head was s horted out at the end 
of the main pulse when the current first reversed. 

Figure 4 is computed voltage across the laser 
resistance until current s t arts and then programmed 
voltage until current reverses. 

Figure 5 is t he voltage across the head inductance 
and resistance that would be measured by a capacitive 
probe measuring the electric field on the grounded 
electrode (sheet t or 5 on Figure 1) on the water side 
of the water-plast ic-gas interface (a convenient place 
to mount such a voltmeter) . ~ote that the voltage rises 
to a val ue above 800 KV with a risetime of about 50 ns 
and then falls to a regulated value of 120 KV. 
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Figure 4. Calculated and programmed voltage 
across the laser resistance 
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Figure 5 . Total voltage across the laser head . 

Figures 6 and 7 show the current into the l aser 
head . Note that the 10% to 90% risetime of the current 
is 59 ns. The short rise in current at the end of the 
first pulse is due to the back and forth reflection of 
the early part of the generator pulse, initiall y 
reflected at the laser head until conduction s tarts . 
The long time scale of Figure 7 shows that the .485 ohm 
water gap switch absorbs the residual energy within a 
few IJSec. 
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Figure 6. Current into the laser head 
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Figure 7. Current into the laser head 

Fi gure 8 shows a power level near 0. 1 TW delivered 
into the laser. 
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Figure 8. Po1~er delivered into the laser gas 
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Figure 9. Energy deli vered into the laser gas 

Figure 9 shows 43 KJ delivered to the laser or 48~ 
of t he energy stored in the Bl umlein generator. How­
ever, as mentioned before, the l aser shoul d turn off 
after absorbing 30 KJ. 

Conclusions 

This pulse power generator design will drive large 
rare- gas- halide lasers wi th a high voltage , fast r ising 
preconditioning pulse of whatever length is required to 
initi ate current conduction ( up to -100 ns ), and then 
sustain the necessary fast rising current pul se to 
del i ver 25 joules per liter per atmos . to the lasing 
volume. 

The design delivers fast rising current without 
the need for a super low inductance multichannel switch 
near the laser head. 

These features are attained with some loss in 
energy efficiency bet ween the driver and the laser 
head. 

The design includes a new and novel laser head 
designed to mate to this driver. 
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