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pdr;'deectibes the davelopaent of a 50 tlr 
eer with per shot specif icat ions of 

kV, 500 ns RMM, 10 W. It i s  designed for  buret 
e service. The puleer is a two element Guillemin 

forming network with two para l le l  Uarx 
ra tors  aerving a s  the f i r s t  element and a single 

rr generator serving a s  the second element. This 
lpaper w i l l  consider the two Harx generators of the 
? f i r s t  element only and wfll tautline the important 
;~ougoing developmental areas. 

Each generator hae a 500 kV output 'yolxage and 
s t w e e  3 kJ. Two units  i n  paral lel  a r e  required t o  
achieve the  low inductsnco fo r  a 10 W, 500 ne output 
pulse. Each Uarx generator has 8 capacttor stages and 
foar  apark gap switches. T?ie switches are  cylindrical  F 
su l fu r  hexafluoride insulated tr igatrons with vortex 
purge gas flow. I n i t i a l  observations a r e  tha t  very 
l i t t l e  gas flow is required fo r  50 Hz operation a t  
50 kV acroae the  switch and 20 U peak current i n  a 
50 shot  burst. 

The f i r s t  switch of one Horx generator is t r ig-  
gered. The f i r r t  switeh of the second Marx is  t r ik  
gered by the  breakdown of the f i r e t  switch of the 
f i r s t  Wrx. The t r igger pins i n  the second gaps a r e  
capacicively eoupled t o  ground. The tr igger pins of 
f i r u l  gaps are  clpacitively coupled t o  e a r l i e r  stages. . 
For a s ingle  generator the delay from triggering of the 
f i r r t  gap t o  f u l l  Harr generator erection is 100 t o  
150 us. Para l le l  operatian of the two Marx generator. 
is achieved f o r  a t  leaat  85 percent of a l l  ehotsr To 
increase t h i s  t o  100 percent may require a betfer  
t r iggering s y s t ~ m .  Present limitations orb the opera- 
t i on  of the  device come from sol id  d i e l ac t t i c  f a i l u re  
and variat ion of spark gap self  breakdown, threshalds. 

Introduction 

This paper describes the design and developmeat t o  
dace ef  a 250 kV, 500 na, 50 %!z burst mode pulsar. 
The devise is a p ro to tpa  of a larger system t o  be con- 
structed from the m~dlrles developed i n  the prototype 
pxo~tum. Each modula i a  s 50Q kY, 5 W Wnr geaQtatsr 
with uufficiently low inductance fo r  500 a s  output. 
Several of t hme  Harx generators operated i n  para l le l  
would f o n  the f i r o t  atage s f  a Ouil larin Type el puiee 
formin8 Deitwo* (PPIS). Subsequent stages would also 
be 500 kV Hatr generator. but with substantial ly 
lower stored energy. The prototype c o ~ i s t s  of two of 
the  500 kV, 5 W Marx ganenator.. 

The choice of suah a system was dictated l a ~ g e l y  
by the  need t o  produca a 500 ns pulm with devices of 
minimal complezity which could be operated in para l le l  
f o r  higher energy par gulmb A Mo n s  pula. l a t h  is 
rather ahort  f o r  a PFN and rather long fo r  a d i e t r i -  
buted pulse forming l i ne  (Pa). For example a water 
PFL f o r  t h i s  epplieation would be 8.3 meters long. 
Long (> 11s) water line. produce acceptable pulsa2;  
hovever, they a r e  bulky and they re4eire a d i f f i cu l t  
output switch development pmgram. Both the bulk and 
switch problwprrr can bs nvaliird hy going to  a Pa. 

*mts work was supported by the U.S. Dept. of Energy, 
utider Contract DB-AC04-76-DP00789. 
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A PPlY fo l lwed  by a . s t ep  up fraruformer is not 
s t r r r c t l v e  fo r  t b i s  regime. The load impedance per 
~ d u l e  is 6.2S.n. Assuming the PFU is  charged to a 
reaeonsble ml tage  of 100 kV, th. t r a n s f o l ~ e r  v o l t a ~ e  
gain is 5 and the PRS impedance is 0.25Q. For 8 
reasonable output pulse ( r i se  and f a l l  times 100 no) 
the transformer coupllug constant would have t o  exceed 
0.97. The 50 kV transformer primary switch would 
operate a t  50 Us, 200 M and have an inductsnce l a s s  
than 50 d, Four switcbar t o  be g p ~ r a t s d  i n  parel lel  
could be designed fo r  t b i s  l a t t e r  function; however, 
the coupling requiremet is a fotridable conrtrrint. 

The f i n a l  option coneidered is a 250 kV PPll coo' 
etructed from 500 kV ?lam generators. This is rwt 
eas i ly  done I n  the Gulllamin Type C configuratiaa of 
Fig. l a  which of a l l  the Gullemin networks has the 
lowest iaductance, a pivotal conaideratiod i n  the 
design of a pulse length (inductance) limited drvks.  
Contrast, f o r  example, the Type A configuration qf 
Fig. l b  which h u  often bcan ueed to  producj glcro- 
second pulses a t  several hundred kilovolts. * In 
the. Type 4 tha f i r s t  stage (L1, C ) is  a M a a  
generator, the subsequent stager,lwhich a r e  i n l t l 8 l l y  
uncharged i n  t h i s  modlfScstion of the original  
Guillemin design, are used t o  ahape the Marx di.ch.rgr. 
&I indieatad by Table I the inductance of the f i n t  
s tage Warx generator is 245 nE d i c h  is extremely 
small f o r  a 500 kV device. ?ha f i r s t  stage of 8 rtO. , 

C PFN is 791 aB. Purtharmora, the induatmoe of k t e r  
e ~ g e e  increases f o r  the Type C c i rcui t  whtle i t  
decreases i n  the Type A. 

TABLE I 

Parameters of the S i t a t  n r e e  Stager of 
Guillemin Networks fo r  500 nr, 6.25 SlOutput 

Typ. A - 
=I 791 rdf 244 nil 

32 I@ 37 mF 
844 nB 279 nil 

3 BP 19 aP 
1147 UU 63 aA 

1 DP 21 aF 

A lbtr module ts sbovn s e b s u t i ~ l l y  in Pig .  2- 
Eight Q. 3 pf capaei toa ,  erch cbugad f # 62.1 kV for  
500 kV operation, a r e  arranged 10 two opposd ravl of 
four eaeh. 9!he *pacat between the F.OWS is appror iu te ly  
4 CD which is  a lso  tbe spacing b8traca'Xhe high 
and grouPd c o ~ l u c t i o l u  of the generator. IZri. azuaga- 
men€ minimizes the y e e r a t o r  inductance b~ all- . 
the  Mrx current t o  pass over the top of the cap .e i ton  
a t  a s  c lose  a spacing us  is consistent wieh higb volt- 
age i i l . u l . t l o~  (in transformer o i l )  requisement8. 
F b u r a  3 i l l ue t r a t e#  the importance of properly pori- 
t iaafn8  tbis current path. Figure 3a show the carrent 
wavefan when 8 sin810 ocpacitor l a  ohortad u-itk 8 
10 a wi61) at rap  a c r o u  the top, i.a., v i a  the shortest . 
path batween its tab. (Tha 'topo of the uplcltm i s  
by defini tfoo the ead cl0.e t o  the tabs, t b r  a b t Z d  
ends in  tNa PLg. 2.) The reslrtance and idductaace 
calcdlated fo r  t h i s  v rva foa  a r e  glven io Table 11 - -  - - 

togethet  with values from Fig. 3b and 3c which are f o r  
shart circuit .  where the  s t rap  nuu along ti18 side anb 
bottom of t he  capacitor respectively. For s Gufllario 
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Fig. 1. Guillemin mtworlu. 
8. Type C. 
b. Type & 

Pig. I .  Schematic of ena ha Rcwretor u d t  
Illueeratiag the 4 ~ r n o a ~ ~ y .  

Pig. 3. Short circult r i n g l a  current wavefens from i 
a single upc i tor  charged to  1 kV. 
8. Top 8tmp. - . -. 
b. Side .trap. 
C. ~ o t t a  .trap. - 
(200 pefdiv, 1 W d i r )  



TABLE I1 

Inductance and Resistance for a Single Marx 
Capacitor (C - 0.3 pf, L - 25 nH nominal) 

for Varioua Shorting Strap Locations 

Strap Location . - L - R 
TOP 66 nH 0.25 R 
Side 162 nH 0.32 32 
Bottom 253 r d i  0.5 S2 

The total inductance of the generator, exclusive 
of load connections is made of the four parts listed 
in Table 111. The central tranamieaion line (area 
between the rows) and the tatrtcrewitch connection6 
ere modeled as parallel plate transmiasion lines 
61 cm x 3.8 cm x 20 cm wide and 36 cm x 10 cm x 1.3 cm 
wide respectively. The switch is mo eled as concentric 
cylinders plus the spark inductance.' The capacitor 
inductance is from Table 11, row 1. The computed 
inductance ie 708 dl and the meaeured inductance ir 
730 nH which $0  compatible with the Guillemin Type C 
requirement of Table I. 

Type C PFN, the output pulse duration is half the 
ringing period of the first element. If half the TABLE I11 

ringing period of a aingle capacitor exceeds 500 ne, . ' 

the total Marx nenerator half veriod will exceed Calculated Inductance for Varioua Ham Generator Parts 
- - - - ~  - - 
500 ns. Therefore the configuration of Fig. 3a, which 

Inductance Total Addition 
is the only one with a half period less than 500 ns, 

~ o u r c i  per Element to Marx Inductance 
is the only acceptable configuration. Figure 3c 
corresponds to a-Marx configuration in which the 
capacitor bottoms are abutted. This arrangement while 
geometrically more convenient from the point of view 
of switch attachment is unusable because of its added 
inductance. Note that the capacitor has an internal 
resistance in the range of 0.3 R. The aeries combina- 
tion of eight capacitors has a measured resistance of . 

2 to 2.5 R which causes a significant loss when the ' 
load is 6.25 fl. 

The switches in this geometry are mounted approxi-' 
mately 36 cm from the capacitor tabs as shown in 
Fig. 2. The transmission line between the tabs and , 

switch is 1.3 cm thick and 10 cm wide. The thickness 
may have to be increased aa will be discussed below. 
A switch is shown diagramatically in Fig. 4. All four 
switches are trigatrona with rather large area trigger 
electrodes. A re-entrant geometry (cylindrical elec- 
trode coaxial with cylindrical housing) was chosen to 
permit an enhanced length of flashover surface to be 
inserted as illustrated by the dashed lines in the. 
figure. In practice this was found unnecessary to , 

+ 75 kV charge and lip on the insulator is provided - 
for mechanial positioning only. . - . - -  

-1 I--lcm . 
E X H A U S T  

Central tranamis- 144 n)l . 144 nH 
sion line 

Tab-to-switch 56 224 
connection 

Switch 19 . 76 
Capacitors 
Total 

Switches 

A switch is a h o m  in Pig. 4. It is a cylindrical 
unit with 7 cm ID and 3.8 cm electrodes. Sulfur hem- 
fluoride insulation is used. The svitch is purged by 
injecting gas with a rotary motion as s h o m  in the 
figure and exhausting through the center of the trigger 
pin and the opposite electrode. The trigger pin is 
epoxyed into an acrylic sleeve which is held within one 
of the electrodes by an '0'-ring clamp. The two halves 
of the switch and the insulator are held together by 
an external clamp not shown in the figure. The 
necessity to align and seal the switch without the 

- -  
benefit of bolts through the insulator (which are prone 
to surface flaahover) led to the decision to use a 
trigatron rather than a mid-plane spark gap. In retro- 
spect, a three element gap could have been fabricated 
by encapsulating the gap in epoxy (exclusive of holes 
for electrode removal). The encapsulant would BeNe 
as a pressure eeal. The spark gaps may be reconfigured 
to a mid plane of this type in the future. Aa built, 
the spark gape may be operated safely to 100 peig with 
a typical working pressure being less than 70 paig. 

CAPACITOR 
T A B S  

\GAS INLET 
TRIGGER 
ELECTRODE 

E X H A U S T  

Fig. 4. Schematic croes-section of a Marx switch. . 

The spark gaps are weakly purged. Extensive 
studies of the free (unpurged) recovery of spark gaps 
in air end SF6 indicate that at least 80 perc n of the 
dielectric strength ie recovered within 20 IDS'.' even 
for substantial discharge currente and.long pulse 
durations (> 200 LA, > lps). Experiments with the 
RTP-I pulser8 demonstrate that 20 IrA discharges vill ' 

quench at a 40 Hz repetition rate uith no spark gap 
purging. This process can not continue indefinitely 
as the gap requires some cooling and with no gas flov 
will ultimately become hot enough to melt its fneula- 
tion. Initial experiments indicate that for + 30 kV, 
20 kA operation the present gape vill quench for a 
50 shot burst at 50 Hz with negligible gas flow 
(less than 3 SCPn per switch). There is some concern 

' 

whether this is still true at + 62.5 kV, 40 M. The - - 
situation is confused eomewhat by the failure of the 
spark gaps to maintain a well defined self-break 
threshold even .under single shot conditions. Figure 5 , 

shown the cumulative probability of breakdown aa 
function of voltage below the maxieum observed break- 
down voltage V,, for a single switch in a single 
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~ i g .  5 .  Cumlative p r o b a b i l i t y  of breakdovn f o r  var ious  TRIGGER ELECTRODE 
e l ec t rode  ma te r i a l s  a s  a  f u n c t i o n  of vol tage  
below peak breakdown v o l t a g e  (Vmar). 

sho t  mode. V i s  i n  t h e  range 50 t o  60 kV. Typical  
d a t a  samples 3 x 4 ~  t o  60 s h o t s  show a  measurable break- 
down p robab i l i t y  t o  16 kV below V-, (almost 70 percent 
of se l f -break)  f o r  copper and b r a s s  e l ec t rodes .  For a  
system with 8  spark gaps, a  5 percent  chance of one gap 
f a i l i n g  t r a n s l a t e s  t o  a  34 pe rcen t  chance of a  p r e f i r e  
on a  given shot.  This has  been documented and a t t r i -  
buted t o  changes i n  the  e l e c t r o d e  s u r f a c e  f o r  d i s -  
chargesgtpOair  us ing copper and s t a i n l e s s  s t e e l  e lec-  
t rodes .  I n  t he  data  of Ref. 9  t h e  breakdown spread 
i s  somewhat l e s s  f o r  s t a i n l e s s  s t e e l  t han  f o r  copper 
and the  same i s  t r u e  f o r  t h e  d a t a  of Pig. 5. (The . 
s t a i n l e s s  s t e e l  no - r e s t r i kes  curve  a p p l i e s . )  The 
s i t u a t i o n  i s  complicated by a g i n g  e f f e c t s  a s  i nd i ca t ed  
by t h e  s t a i n l e s s  s t e e l - w i t h  r e s t r i k e s  curve.  I n  t h e  no 
r e s t r i k e  ca se  each breakdown was a  s i n g l e  sho t ,  i n  t h e  1 
resrslks ceee each breakdown l e d  t o  m u l t i p l e  nrcn and 

' 

more severe  su r f ace  damage. I n  t h e  l a t t e r  ca se  t h e  , 
cumulative breakdown p r o a b i l i t y  w i th  s t a i n l e s s  e t e e l  
is  a i m i l a r  t o  t h e  copper d a t a  (wi thout  r a u t r i k e d .  A 
s tudy  of t h i s  process  is  i n  progress .  

Assembly 

The e n t i r e  p  o to type  assembly is  conta ined i n  a  I 1.2 x 1.2 x  0.9 m tank of t r ans fo rmer  o i l  t oge the r  
w i th  t r i g g e r ,  t r i g g e r  power e ~ ~ p p l y ,  and monitors. The 
gene ra to r s  a r e  mounted s o  t h a t  t h e  p l ane  of Fig. 2  is  
t h e  ho r i zon ta l ,  w i th  one g e n e r a t o r  a t o p  t h e  o the r ,  
separa ted  by 3 cm of a c r y l i c  i n s u l a t i o n .  The t r i g g e r  
i s  a  smal l  a i r  c o r e  t r ans fo rmer  w i th  a  t y p i c a l  output 
of 100 kV. The t r i gge red  e l e c t r o d e  i s  p o s i t i v e  and 
t h e  t r i g a t r o n  gap breaks down on t h e  p o s i t i v e  swing o f  
t h e  t r i g g e r  pulse.  The Marx g e n e r a t o r s  a r e  charged 
r e s i s t i v e l y  through two 4  t o  1 0  K n f l o w i n g  water ree is -  
t o r s  from a  + 80 kV, 2  MI power supply.  

Operation - One' Harx Genera tor  

A schmatic f o r  one Marx g e n e r a t o r  i nc lud ing  a  
t y p i c a l  t r i g g e r  connection scheme i s  s h o w  i n  Fig. 6. 
The f i r s t  gap is t r i gge red ,  t l ~ r  t r i g g e r  e l e c t r o d e  of 
t h e  second i s  c a p a c i t i v e l y  coupled  t o  ground, and the  
t r i g g e r s  of the  remaining swi t ches  a r e  c a p a c i t i v e l y  
coupled t o  e a r l i e r ' s t a g e s .  S t a c k s  o f  barium t i t a n a t e  

i' 
SWITCH 

Pig. 6. Schematic of one Harx gene ra to r  showing I 
! 

t r i g g e r  coupling. .., i 

. . I: 
c a p a c i t o r s  a r a  ueed f o r  theee  couplinfi8. Tha epatk i 
gaps, p a r t i c u l a r l y  t h e  second, do no t  t r i g g e r  a e  
r e l i a b l y  i f  r e s i s t o r s  a r e  s u b s t i t u t e d  f o r  t heee  : .  

I 
coupl ing capaci tore .  With t h i s  con f igu ra t ion  when t h e  j 
f i r s t  gap f i r e s  t h e  e n t i r e  Harx gene ra to r  e r e c t s  v i t h  
> 95 percent  p robab i l i t y .  For  0.64 cm spacing the '  
f i r e t  gap t r l g g e r s  r e l i a b l y  t o  a t  l e a e t  70 percent  of 

' 

se l f -break wi th  t h e  t r i g g e r i n g  e l e c t r o d e  f l u s h  wi th  
surrounding e l ec t rode .  For l a r g e r  gap spacings  t h e  . 
t r i g g e r  must be i n s e r t e d  i n t o  t h e  gap, t h e  g r e a t e r  t h e  
i n s e r t i o n  t h e  g r e a t e r  t h e  t r i g g e r i n g  range. Typica l ly  
f o r  a  1 cm gap an  i n s e r t i o n  of 1.5 mm i e  app ropr i a t e  

" . 
and t h e  gap w i l l  t r i g g e r  f rom?  40 kV charge  vol tage  
upward. The t r i g g e r i n g  range 'extenda below 60 percent . 
of self-breakdown from 50 kV upward. T o t a l  de lay  . 
i n c r e a s e s  wi th  decreas ing percent  o f  se l f -break but i s  
generally i n  t h e  range of 100-200 ns. For opera t ion  j 
below + 30 kV charge,  _ the  Ham o p e r a t e s  t o  50 Rz i n  a : 
1 second b u r s t  wi thout  problems. Above 50 kV s t a b l e  ' ' - 
ope ra t ion  has  been achieved t o  10 Hz but is  l imi t ed  by 

. .. . 

. . 
. . 



t h e  ill def ined self-break th re sho ld  p rev ious ly  d ie-  
'i cussed end by occasional f a i l u r e  of t h e  s o l i d  i nau l s -  

t i on .  This l a t t e r  f a i l u r e  occurs i n v a r i a b l y  i n  gap 3. 
The epark gap f i r i n g  sequence i s  1, 2, 4 ,  3 s o  t h a t  
gap 3  b r i e f l y  supports some f r a c t i o n  of t h e  t o t a l  
gene ra to r  vol tage  ( ce r t a in ly  more than  twice  the  charge 
vo l t age ) .  When spark gap 3 f i r e s  a  200 MHz s t and ing  
wave p a t t e r n  wi th  a  node s t  t he  swi tch  and a  maximum 
st t h e  t a b  end i s  se tup i n  t h e  t r ansmis s ion  l i n e  

I 
1ead:ng t o  t h e  capac i to r  tabs.  T h i s  breaks  t h e  i n su l a -  
t i o n  a t  t h e  open end of t he  l i n e .  The f a i l u r e  is  

! 
I 

probably due t o  cumulative damage a s  s e v e r a l  hundred 
o r  thousand sho t s  a r e  t y p i c a l l y  r equ i r ed  t o  g e t  a  / f a i l u r e .  An attempt i s  underway t o  d e c r e n ~ e  t h e  over  

i v o l t i n g  of gap 3  by decreasing Marx e r e c t i o n  time. 
1 .. That f a i l i n g  the  i n su l a t ion  th i ckness  must be i nc reased  
f with  a  corresponding increaae  i n  inductance .  

Operation - Two Harx Genera tors  

P a r a l l e l  opera t ion  of two gene ra to r s  has  been 
achieved wi th  capac i t i ve  coupling between corresponding 
t r i g g e r  e l ec t rodes  of t he  two gene ra to r s .  Thus a s  t he  
t r i g g e r e d  genera tor  e r e c t s ,  i t  t r i g g e r s  t h e  spark  gaps 
of t h e  second Harx generator. This  coup l ing  scheme i s  
i l l u s t r a t e d  i n  Fig. 7. The l e f t  g e n e r a t o r  i s  t r i gge red  
a s  i nd ica t ed  by t h e  t r i g g e r  gene ra to r  shown i n  t h e  
f i gu re .  The coupling of the remaining t r i g g e r  e l ec -  
t rodes  of t h e  l e f t  Marx g e n e r a t o r , i s  a s  i n  Fig. 6. The 
t r i g g e r  e l ec t rodes  of t h e  r i g h t  g e n e r a t o r  a r e  coupled 
t o  t h e  corresponding main (not t r i g g e r )  e l e c t r o d e s  o f .  
t he  l e f t  Harx through barium t i t a n a t e  c a p a c i t o r  
s t r i n g s .  With t h i s  scheme t h e  t r i g g e r  e l e c t r o d e s  of 
t he  r i g h t  Marx g e n e r a t o r , f i r e  when t h e  l e f t  Marx 

. 

e r e c t s .  This  does not automat ica l ly  cause  t h e  r i g h t  
Uarx gene ra to r  t o  erect.'' I f ,  f o r  example, a l l  t h e .  
gaps of t h e  l e f t  Ham have c losed but  none have c l o s e d ,  
i n  t h e  r i g h t  genera tor  then t h e  l e f t  gene ra to r  w i l l  
r a i s e  t h e  output end of the r i g h t  g e n e r a t o r  t o  500 kV. 
It does s o  by providing current  t o  charge  t h e  capaci-  
tance  of t h e  r i g h t  generator spark  gaps t o  a  va lue  
such t h a t  t h e  sum of t h e  capac i to r  and spa rk  gap vo l t -  
ages is  500 kV. Obviously t h i e  1 e a v e s . t h e  spa rk  gaps 
wi th  no vo l t age  s o  tha t  the  r i g h t  gene ra to r  appea r s  t o  
have e r e c t e d  even though the  spark  gaps have no t  
c losed.  The time t o  charge t h e  r i g h t  Marx a s  governed 
by t h c  inductance of t h e  genera tors  ( 2  x  700 nH) and 
t h e  spa rk  gap capaci tances  (100 pF/8) is  13  ns. Th i s  
p roces s  w i l l  almost c e r t a i n l y  i n t e r f e r e  w i th  e r e c t i o n  
of t h e  r i g h t  tiarx generator independent of t h e  ngmber, 
of i t s  gaps which may have broken down p r i o r  t o  con- 
p l e t e  e r e c t i o n  of the  l e f t  genera tor .  I n  t h e  p re sen t  
system t h i s  problem i s  avoided because t h e  f i r s t  Harx 
gene ra to r  t o  e r e c t  i s  eubs tant ia l ' ly  loaded down by t h e  
load r e s i s t ance .  It charges t h e  second Marx t o  perhaps 
250 kV. I f  two npnrk gnpn n f  t h e  eezond Marx have 
c losed  the  remaining gaps have e u f f i c i c n t  vo l t age  t o  
c lose .  F igure  8a  shows t y p i c a l  ou tpu t  waveforms from 
two Marx gene ra to r s  i n t o  an ovcrmatchcd load. The 
vo l t age  (upper t r a c e )  i s  420 kV. The c u r r e n t  ( lower 
t r a c e )  of 24 M i s  from the lowcr g c n c r a t o r  only. 
T o t a l  c u r r e n t  i s  48 kA. Load impedance i s  8.8 

'Figure 8b shows e  m i s f i r e  i n  which t h e  t r i g g e r e d  
gene ra to r  e r e c t s ,  deposi t s  i t s  energy i n t o  t h e  l oad  and 
t h e  second genera tor  e r e c t s  af terward .  The p r o b a b i l i t y  
of such a  m i s f i r e  increases  a s  t h e  spa rk  gaps a r e  
opera ted  f a r t h e r  from eclf-break wi th  a  consequent ly  
l onge r  e r e c t i o n  delay. I n  a  t y p i c a l  1 0  kJ o p e r a t i n g  
regime t h e  m i s f i r e ~ ' p r o b a b l l i t y  i a  l e a s  t han  1 5  percent ;  
reducing t h i e  t o  1 percent l e v e l  may r e q u i r e  a n  
improved t r i g g e r  system. 

COUPLING 1 C A P A C I T O R  1 
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Pig. 7. Schematic of two p a r a l l e l  Mar~ gene ra to r s  
i l l u s t r a t i n g  t h e  cross-coupling scheme used 
f o r  t r i gge r ing .  
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Data demonstrate t h a t  t h e  M a n  generator  based 
GullelPin Type C PFN described i n - t h i s  paper is  capable 
of delivering 10 W of pulsed energy t o  a load i n  
i n  500 ns a t  250 kV. The deaired r e p e t i t i o n  frequency 
can be achieved a t  half voltage but s u b s t a n t i a l  work 
remains t o  be done t o  achieve f u l l  r e p e t i t i o n  r a t e  a t  
f u l l  voltage. Problema encountered tnclude t h e  f a i l u r e  
of s o l i d  d i e l e c t r i c  insu la t ion  due t o  Marr generator 
aract ion t rans ien ts  and a f a i l u r e  of t h e  spark gaps +O 

maintain a s t a b l e  self-break threshold. 
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