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SPARK GAP DEVICE FOR PRECISE SWITCHING 
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Backg'raun'd 6f the ~ n v ~ n t i o n  

The present invention relates to the field 
. . 

of overvoltage protection devices, and more particular- 

ly, to a. gas filled spark gap device which switches .d'3 . .?.. $2; .* .. . 7.. 5 high current from a charged capacitor into an exploding 3 . . 

-., . .... bridge wire detonator at a precise breakdown voltage. * .: . $ The United States Government has rights in this inven- 
f '  

tion .pursuant to Contract Number DE-AC04-76DP00789 

In the art of high voltage, high current 

circuit applications, spark devices are known to 

protect circuit components, such as an energy 

15 storage capacitor, from voltage overloads, and to 

switch current from charged capacitors into output 

loads at various breakdown voltages. The overvoltage 

gap devices are requ5red to remain inactive until 

breakdown voltage conditions are reached, to switch 

20 the high voltage, high current electrical surges 

rapidly, and to return to normal quickly after the 



. . 
.i. l 

. .. breakdown condition has passed in readiness for 
- i 

I : f :  subsequent operations. 
. "I 

Certain problems -arise in the operation of 

spark gap devices described in the prior art. For 

5 example, in U. S. Patent 2,990,492 of Wellinger et al, 

a gas-filled spark gap device is disclosed.that is 

generally operable to provide overload protection, 

but has an undesirable short life span. It has been 

found in practice, the metal electrodes may erode 
... 

10 during extended operation and cause a metallic 

deposit to form on ceramic insulator surfaces render- 

ing them conductive thereby significantly reducing 

the overall lifetime of the device. Furthermore, to 

' assist in ionizing the spark gap at a stable breakdown 

15 -voltage level, a radioactive gas, krypton-85, is 

employed. The radioactive gas may leak and cause an 

undesirable release of radioactivity into the 

environment. 

In U. S. Patent 3,317,777 of Algar et al, 

20 a high pressure mixture of xenon and nitrogen is used 
.,. .. 

for a gas-filled spark gap'device. During high energy 

electrical discharge, nitrogen is a reactive gas and 

causes undesirable deterioration of the spark gap 

electrodes. Copper electrodes are employed. The 

25 melting point of copper is a relatively low 1,083OC. 

The structure of a voltage switching device 

for a high voltage, high current application, as 



described, is subject to and thus must withstand 

electrode temperatures 'in excess of 2,000° C in many 

instances. Prior art electrodes, such as shown in 

Algar et all are thus incapable of withstanding this 

5 temperature without serious erosion, and this fact 

greatly reduces the efficiency of the device. 

In the spark gap device disclosed by 

Kawiecki in U. S. Patent 3,588,576, the electrodes 

defining the spark gap are made from a nickel and 

10 cobalt alloy. The nickel-cobalt alloy electrodes 

melt in the range of approximately 1,450-1,500°C 

and thus are also generally ineffective. Inside the 

spark gap device, conductive strips are connected to 

the electrodes and extend along the inner wall of 

15 the..ceramic spacer to a location opposite the 

electrode gap. The strips serve to stabilize 

operating characteristics and speed response time. 

Being inside the device, however, the stabilizing 

strips are subjected to deteriorating conditions 

during device discharge. 

Spark gap devices are often encapsulated 

in organic materials for protection. IIowever, during 

aging on the shelf, organic materials may emit hydrogen 

gas which is able to permeate through nickel, copper, 

nickel-cobalt alloys into the sealed chamber and change 

the fill gas purity. 



Summary of the Invention 

Accordingly, it is a primary object of the 

present invention to provide a spark gap device having 

electrodes that prevent melting or serious erosion 

5 under high voltage and high current discharge 

conditions. 

Another object of the invention is to 

provide a spark gap device having an inert fill gas 

further minimizing erosion of components during dis- 

10 charge conditions. 

Another object is to provide a non-gaseous, 

stable, inert, and easily applied radioactive material 

for promoting spark gap discharge stability at pre- 

selected voltage levels without the danger of release 

15 of radioactive gases to the atmosphere, without added 

chemical impurities to the gap, or without compromising 

the gap's fill gas purity. 

Another object of the invention is to 

provide a spark gap device precluding hydrogen gas 

20 permeation into the hermetically sealed chamber 

thereby preventing changes in fill gas composition 

and further maintaining high efficiency of operation. 

Still another object of the invention is 

to stabilize discharge characteristics of the spark 

25 - gag device wi.thout employing a stabilizer placed 

inside the device being subjected to deteriorating 

discharge conditions. 



A d d i t i o n a l  o b j e c t s ,  advantages  and nove l  

f e a t u r e s  o f  t h e  i n v e n t i o n  w i l l  b e  se t  f o r t h  i n  p a r t  

i n  t h e  d e s c r i p t i o n  t h a t  f o l l o w s  and i n  p a r t  w i l l  

become a p p a r e n t  t o  t h o s e  who are s k i l l e d  i n  t h e  a r t  

5 upon examinat ion o f  t h e  f o l l o w i n g  or  may be  l e a r n e d  

w i t h  t h e  p r a c t i c e  of  t h e  i n v e n t i o n .  The o b j e c t s  and 

advantages  o f  t h e  i n v e n t i o n  may b e  r e a l i z e d  and 

a t t a i n e d  by means o f  t h e  i n s t r u m e n t a l i t i e s  and 

combinat ions  p a r t i c u l a r l y  p o i n t e d  o u t  i n  t h e  

10 . appended c l a i m s .  

To a c h i e v e  t h e  f o r e g o i n g  and o t h e r  o b j e c t s ,  

and i n  accordance  w i t h  t h e  pu rposes  of  t h e  i n v e n t i o n  

a s  d e s c r i b e d  h e r e i n ,  a n  improved s p a r k  gap a p p a r a t u s  

i s  provided f o r  p r e c i s e  s w i t c h i n g  o f  h i g h  c u r r e n t s  from 

1 5  charged c a p a c i t o r s ,  and  f o r  p r o t e c t i n g  c i r c u i t r y  and a 

c i r c u i t  components,.  such  as  a n  e n e r g y s t o r a g e  c a p a c i t o r ,  

from o v e r v o l t a g e  s u r g e s .  The i n v e n t i o n  i n c l u d e s  t h e  

novel  approach o f  p r o v i d i n g  a p a i r  o f  e l e c t r o d e s  

having a ~ e l t i n g  p o i n t  g r e a t e r  t h a n  2,000°C forming 

20  t h e  s p a r k  gap. The e l e c t r o d e s  comprise  t h e  anode 

and ca thode  and a r e  p r e f e r a b l y  f a b r i c a t e d  o f  niobium 

(Nb). The e l e c t r o d e s  are s u p p o r t e d  by conduc t ive  

caps  spaced a p a r t  from one  a n o t h e r  by a n  i n s u l a t i n g  

member. The c a p s  and t h e  i n s u l a t i n g  member form a 

2 5  h e r m e t i c a l l y  s e a l e d  chamber f i l l e d  w i t h  an i n e r t ,  

i o n i z a b l e  g a s ,  p r e f e r a b l y  pure xenon (Xe). The 



e l e c t r o d e s  a r e  p r e f e r a b l y  made from p u r e  niobium metal  

having a m e l t i n g  p o i n t  o f  2,41S°C. 

F u r t h e r ,  i n  accordance  w i t h  t h e  i n v e n t i o n ,  

t h e  s p a r k  gap d e v i c e  i n c l u d e s  a  q u a n t i t y  o f  s o l i d  

5 r a d i o a c t i v e  s t a b i l i z e r  p l a c e d  w i t h i n  t h e  h e r m e t i c a l l y  

s e a l e d  chamber a d j a c e n t  t o  t h e  s p a r k  gap.  The 

p r e f e r r e d  s o l i d  s t a b i l i z e r  i s  a r a d i o a c t i v e  carbon-14 

1 4  
( C) composi t ion.  

I n  accordance  w i t h  a n o t h e r  a s p e c t  of  t h e  

1 0  i n v e n t i o n ,  a conduc t ive  s l e e v e  may enve lop  t h e  o u t s i d e  

o f  t h e  i n s u l a t i n g  member from t h e  midpoin t  o f  t h e  

spa rk  gap  t o  t h e  c a p  a d j a c e n t  t h e  ca thode .  The 

s l e e v e  i s  connected t o  t h e  c a t h o d e  by an  e l e c t r i c a l  

conduc tor .  With t h i s  a r rangement ,  t h e  s l e e v e  s e r v e s  

1'5 t o  minimize t h e  h igh  e lectr ic  f i e l d  stress p o i n t s  by 

f l a t t e n i n g  t h e  e q u i p o t e n t i a l  l i n e s  a t  t h e  ca thode  s i d e  

of t h e  s p a r k  gap d u r i n g  o p e r a t i o n  of t h e  d e v i c e .  The 

s l e e v e  s i g n i f i c a n t l y  improves t h e  s p a r k  g a p ' s  v o l t a g e  

breakdown s t a b i l i t y .  P r e f e r a b l y ,  t h e  conduc t ive  

20  s l e e v e  i s  made from a meta l l ic  m a t e r i a l .  

F u r t h e r  i n  accordance  w i t h  t h e  i n v e n t i o n ,  

t h e  d i s t a n c e  from t h e  sides of  t h e  anode and ca thode  

t o  t h e  i n n e r  w a l l  o f  t h e  i n s u l a t i n g  member i s  

s u f f i c i e n t  t o  p reven t  h i g h  f i e l d  local g a s  i o n i z a t i o n  

2 5  o r  gas i o n i z a t i o n  development by e l e c t r o n  ava lanche  

a long  t h e  i n n e r  s u r f a c e  o f  t h e  i n s u l a t i n g  member 

t he reby  p r e v e n t i n g  unwanted breakdown i n i t i a t i o n .  



In accordance with yet another aspect of 

the present invention, the metal surface of the spark 

gap device may be coated with a non-permeable coating. 

Preferably the coating is an alloy of lead and tin, or 

5 gold. The coating prevents hydrogen permeation into 

the gas filled chamber of the device, and its switching 

stability is not impaired. 

The hermetically' sealed chamber is preferably 

filled with pure xenon gas; and a quantity of solid 

10 carbon-14 is placed within the chamber to serve as a 

radioactive stabilizer. The spark gap device according 

to the best mode is capable of switching at 1,700 

volts for input voltage rates up to 570 volts per milli- 

second allowing peak discharge currents of up to 3,000 

15 amperes from a 0..3 microfarad energy storage capacitor 

for more than 1,000 operations. 

Still other objects of the present invention 

will become readily apparent to those skilled in this 

art from the following description wherein there is 

20 shown and described a preferred embodiment of this 

invention, simply by way of illustration of one of the 

best modes. contemplated for carrying out the invention. 

As it will be realized, the invention is capable of 

different embodiments, and its several details are 

25 capable of modifications in various, obvious aspects 

all without departing from the invention. Accordinqly, 



this art from the following description wherein there 

is shown and described a preferred embodiment 

of this invention, simply by way of illustration 

of one of the best modes contemplaced for carrying 

5 out the invention. As it will be realized, the 

invention is capable of different embodiments, and 

its several details are capable of modifications 

in various, obvious aspects all without departing 

from the invention. Accordingly, the drawings and 

' 10 the descriptions will be regarded as illustrative 

in nature and not as restrictive. 

Brief Description of the Drawings 

The accompanying drawings incorporated in 

and forming a part of the specification, illustrate 

15 several aspects of the invention and together with 

the descriptions serve to explain the principle 

of the invention. In the drawings: 

Figure 1 is a longitudinal cross-sectional 

view illustrating the spark gap device of the 

20 invention; 

Figure 2 is a graph illustrating the 

voltage response of the preferred embodiment of the 

invention; and 

Figure 3 is a schematic diagram illustrating 

2 5  the employment of the spark gap device of the inven- 

tion for switching an energy storage capacitor into an 

exploding brid~e wire load. 



D e t a i l e d  D e s c r i p t i o n  o f  t h e  I n v e n t i o n  

R e f e r e n c e . i s  now made t o  F i g u r e  1 showing 

an  improved s p a r k  gap  d e v i c e  10 acco rd ing  t o  t h e  

i n v e n t i o n .  F i r s t  c o n d u c t i v e  e l e c t r o d e  o r  anode 1 2  

5  and  second c o n d u c t i v e  e l e c t r o d e  o r  ca thode  1 3  a r e  

made from niobium ( N b )  m e t a l  hav ing  a  me l t i ng  p o i n t  

o f  2,41S°C. E l e c t r o d e s  1 2  and 1 3  a r e  a t t a c h e d  o r  

bonded t o  f i r s t  c o n d u c t i v e  cap  1 4  and second conduc- 

t i v e  c a p  15 ,  r e s p e c t i v e l y .  Caps 1 4  and 1 5  a r e  spaced  

10 a p a r t  from one a n o t h e r  by a n  i n s u l a t i n g  member, such 

as ceramic c y l i n d e r  16 ,  t o  d e f i n e  a s p a r k  gap G 

between e l e c t r o d e s  12  and 13 .  The end caps  1 4  and 

1 5  and t h e  c y l i n d e r  16 t o g e t h e r  form a chamber 18  

which is  evacua ted  and f i l l e d  w i t h  pu re  xenon ( ~ e )  gas .  

1 5  C e r a m i c  back-up r i n g s  1 9  and 20 a r e  bonded 

t o  end caps  1 4  and 1 5  r e s p e c t i v e l y  t o  p rov ide  

minimum stress ceramic  t o  m e t a l  s e a l .  E l e c t r o d e  

(anode) 12  'is . a t t a c h e d  t o  f i rs t  c a p  14 t o  p rov ide  

e f f e c t i v e  electrical  c o n t a c t .  Conduct ive  cup 23 i s  

20 bonded t o  f i r s t  c a p  1 4  and i s  connec ted  t o  conduc tor  

Ca connected t o  t h e  c i r c u i t  i n  which t h e  s p a r k  gap 

d e v i c e  1 i s  employed (See  F i g u r e  3 ) .  E l e c t r o d e  

(ca thode)  1 3  i s  a t t a c h e d  t o  second cap  1 5  connected 

t o  conduc tor  C i n  t h e  p r o t e c t e d  c i r c u i t .  Conductor b 

25 Chis i n  s e a l e d  c o n t a c t  w i t h  second c a p  1 5  w i t h  s e a l i n g  

r i n g  26.  



~ v a c u a t i o n  of chamber18 i s  accomplished by 

connec t ing  a vacuum s o u r c e  ( n o t  shown) t o  e x h a u s t  

t u b e  24 ex t end ing  through f i r s t  c a p  1 4  i n t o  chamber 
. . 

1 A f t e r  exhaus t ion  o f  a tmosphe r i c  g a s e s  and t h e i r  

5 rep lacement  w i t h  t h e  f i l l  g a s  xenon, chamber 18  i s  

s e a l e d  by p inch ing  o f f  t h e  end o f  e x h a u s t  t u b e  24 t o  

form exhaus t  p inch  o f f  s e c t i o n  25, 

Anode 12 and c a t h o d e  1 3  a r e  dome-like 

s t r u c t u r e s  and are p rov ided  w i t h  e x a h u s t  h o l e s  27 and 

10 28, r e s p e c t i v e l y ,  t o  p r e v e n t  a i r  p o c k e t s  from be ing  

r e t a i n e d  and t o  a l l ow f i l l i n g  t h e  s p a c e  w i t h i n  t h e  

anode and ca thode  w i t h  xenon f i l l  g a s .  

With t h e  i n v e n t i o n ,  p r e f e r a b l y  t h e  s i d e s  of  

anode 12 and ca thode  1 3  are spaced  a d i s t a n c e  D from 

15  t h e  i n n e r  w a l l  o f  c y l i n d e r  16 .  The d i s t a n c e  D i s  

s e l e c t e d  t o  b e  s u f f i c i e n t  t o  p r e v e n t  h i g h  f i e l d  l o c a l  

g a s  i o n i z a t i o n  o r  g a s  i o n i z a t i o n  development by 

e l e c t r o n  ava lanche  growth a l o n g  t h e  i n n e r  s u r f a c e  of 

c y l i n d e r  16 and t h u s  p r e v e n t  unwanted breakdown 

20 i n i t i a t i o n .  

I n  accordance  w i t h  a n o t h e r  a s p e c t  o f  t h e  

i n v e n t i o n ,  a q u a n t i t y  o f  s o l i d  r a d i o a c t i v e  s t a b i l i z e r  

1 4  30, p r e f e r a b l y  carbon-14 (. C)- is  p l a c e d  w i t h i n  t h e  

chamber 1 8  upon t h e  i n n e r  w a l l  of c y l i n d e r  1 6  a d j a c e n t  

25  t o  t h e  s p a r k  gap G. Carbon-14 i s  i n e r t  and h a s  a 

5,600 y e a r  h a l f - l i f e .  During u s e  i n s i d e  t h e  dev ice ,  



Carbon-14 thus remains stable and does not contaminate 

the fill gas and is not plated onto the anode 12 or 

the cathode 13 surfaces. 

In summary of the best mode presently 

5 contemplated of the invention, the anode 12 and 

the cathode 13 are made from high melting point 

material such as niobium, melting point 2,415OC. 

The electrodes are spaced apart by the insulating 

cylinder 16 made from a good insulating material, 

10 such as alumina thus defining the spark gap G. 

j The chamber 18 is 'filled with xenon gas which is 
! 

1 subjected to the ionization influence of carbon-14 
I 

stabilizer material 30. The best mode spark gap 

device 1 has the capability of switching at 1,700 

15 volts for input voltage rise rates up to 570 volts/ 

millisecond and allowing peak discharge currents of 

up to 3,000 ,amperes from a 0.3 microfarad energy 

storage capacitor for more than 1,000 operations. 

In Figure 2, the input voltage to rise 

20 time relationship of the best mode of the invention 

is depicted. It is noted that in a period of 3 

milliseconds, the input voltage may rise up to 1,700 

volts with the invention. This corresponds to a rate 

of rise of input voltage to time approximately equal 

25 to 570 volts/millisecond. 



In Figure 3, the spark gap device 1 of the 

invention is illustrated in a circuit application to 

provide a switching and discharge capability of 3,000 

amperes from a 0.3 microfarad energy storage capacitor 

5 into an exploding bridge wire load. The input voltage 

is provided through conductor Cd coupled to the 

capacitor F. The discharge device is connected to 

load L through conductor Cb 

In a further aspect of the invention, in 

accordance with its objects and purposes, conductive 

sleeve 31 envelops the outside of the cylinder 16 

from the midpoint of the spark gap G to the second 

cap 15 adjacent the cathode 13. Sleeve 31 is 

electrically connected to the second cap 15, and there- 

by to the cathode 13 by metal coating 35 to be 

described in detail below. In this way, sleeve 31 

serves to minimize high electric field stress points by 

flattening the equipotential lines 'at the cathode side 

of the spark gap G to improve voltage breakdown 

20 stability. 

In fabricating spark gap device D of the 

invention, preferably ultra-clean parts are prepared; 

and a 600°C complete assembly bake-out under vacuum 

pumping conditidns at Torr or less is conducted. 

25 Ultra clean xenon fill gas is added, and a cold weld 

copper pinch-off provides a final seal. This procedure 



is in sharp contrast to prior procedures which employ a 

lower bake-out temperature and weaker vacuum under 

conditions of less cleanliness. In addition, prior 

methods for spark gap preparation use a brazed gas 

5 seal providing less control over seal quality, gas 

purity, and leak tightness of the finished device. 

By suitable selection of the spark gap G 

and xenon fill gas pressure, in conjunction with 

carbon-14 radiation stabilizer 30, the preferred 

10 spark gap device 10 of the invention has been optimized 

for breakdown voltage stability at 1,700 volts. Thus, 

the prior.art techniques for adjusting voltage break- 

down characteristics, such as using electrode elonga- 

tion after gas filling, or screening and sorting 

15 finally assembled devices are not necessary. 

In accordance with another aspect of the 

invention, it has been discovered that a metal coating 

35 (shown in Figure 1) for the outer surface of the 

metal surfaces of the spark gap device 10 precludes 

20 hydrogen permeation into the chamber 18. A preferred 

coating 35 for the device 10 is an alloy of lead and 

tin, gold. 

In summary, numerous benefits have been 

described which result from employing the concepts of 

25 the invention. With the invention, high melting point 

niobium electrodes 12 and 13 forestall electrode 



erosion even under severe voltage and current discharge 

conditions. By employing pure xenon gas, and solid 

carbon-14 radiation stabilizer 30 in the spark gap 

device, it is unnecessary to employ radioactive gases 

5 or chemically plated radioactive sources to promote 

ionization. By spacing anode 12 and cathode 13 a 

suitable distance D away from the inner wall of in- 

sulating cylinder 16, prevention of high field local 

gas ionization or gas ionization development by 

10 electron avalanche growth along the inner surface of 

cylinder 16 is accomplished. By selection of a suit- 

spark gap G in conjunction'with pure xenon fill gas 

and carbon-14 radiation stabilizer material 30, a 

spark gap device 10 is obtained which is capable of 

15 switching at 1,700 volts 2 10% for input voltage rates 

up to 570 volts/millisecond and allowing peak dis- 

charge currents up to 3,000 amperes from a 0.3 micro- 

farad energy storage capacitor for more than 1,000 

operations. 

20 An additional benefit results when a 

conductive sleeve 31 envelops the outside of the 

insulating cylind'er 16 and is electrically connected 

to the cathode 13. With this arrangement, high 

electric field stress points at the cathode side .of 

25 the spark gap G are minimized due t.o flattening of the 

equipotential lines and improved voltage stability 

results. 



By employing a coating of lead and tin alloy, 

or gold, on the outer metal surfaces of the spark sap 

device 10 of the invention, permeation of hydrogen 

during aging on the shelf is prevented. 

5 The foregoing description of a preferred 

embodiment of the invention has been presented for 

purposes of illustration and description. It is 

not intended to be exhaustive or to limit the 

invention to the precise form disclosed. Obvious 

10 modifications or variations are possible in light of 

the above teachings. The embodiment was chosen and 

described in order to best illustrate the principles 

of the invention and its practical application to 

thereby enable one of ordinary skill in the art t o  

15 best utilize the invention in various embodiments and 

with various modifications as are suited to the 

particular use contemplated. It is intended that the 

scope of the invention be &lined by the claims 

appended hereto. 






