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This invention relates to electro-explosive devices and 
more particularly to electrically triggered primers, squibs 
and like devices adapted to be triggered or fired by an 
electrical spark. 
An object of this invention is to provide a device of 

aforementioned type which is simple to construct and 
assemble, and is particularly conducive to being maSS 
produced and sub-miniaturized. 
Another object of this invention is to provide a squib 

device or the like which is highly reliable in operation 
and is triggered only in response to a signal having at 
least a predetermined voltage level and energy content. 

Still another object of this invention is to provide a 
squib device which is immune to being fired or damaged 
by stray energy and particularly by stray radio frequency 
energy and static charges. 

Still another object of this invention is to provide a 
squib or primer device which is immune to firing or 
deterioration by electrical signals having a low voltage 
level regardless of the energy content thereof or by elec 
trical signals having a high voltage level with low energy 
content. - 

Accordingly, one form of the invention features an 
electrically triggered squib device which comprises, inter 
alia, an electrical insulating member, a semi-conductive 
member coupled to the first member and at least two 
electrodes partially embedded in said members. The two 
electrodes are terminated in input first terminals and in 
second terminals in spark gap relation. The second ter 
minals are disposed in a substantially coplanar relation 
ship with a predetermined exterior surface of the semi 
conductive member to define thereat a shunted Surface 
spark gap. In addition, the electrodes are spaced within 
the semi-conductor in a spark gap relationship. The 
input terminals are remotely disposed from the shunted 
surface spark gap by the insulating member. A first 
chamber means is provided which contains a predeter 
mined gas. The gas-filled chamber is closed at one end 
by means including the shunted surface gap and has a 
frangible plate-like wall member closing the other end. 
A second chamber means containing a charge of explosive 
or ignitable material is also closed at one end by said 
frangible plate-like member. In operation, the frangible 
plate-like member or diaphragm is ruptured by thermal 
expansion of the gas in the chamber 17 which is caused 
by the heat of a spark discharge across the shunted Sur 
face spark gap. By judiciously selecting the parameters 
of the thermal and electrical circuits of the device, the 
diaphragm will be rupturable and the device will be 
fired only in response to an electrical signal having at 
least predetermined voltage level and energy content ap 
pearing across the input terminals of the electrodes. In 
this manner, access between the ignitable charge and 
the spark discharge at the shunted surface gap is provided 
and the squib is fired. 
The above and further objects and novel features of 

the invention will more fully appear from the following 
detail description when the same is read in connection 
with the accompanying drawing. It is to be expressly 
understood, however, that the drawing is for the purpose 
of illustration only, and is not intended as a definition 
of the limits of the invention. 

In the drawing, wherein like reference characters refer 
to like parts throughout the several views, 

2 
FIG. 1 is a side elevation view, illustrated in section 

for purposes of explanation, of an embodiment of a 
squib device embodying the present invention; 

FIG. 2 is a bottom end view of the squib device of 
5 FIG. 1; 

FIG. 3 is a detail side elevation view, illustrated partly 
in cross section for purposes of explanation, of an en 
bodiment of a sub-assembly utilized in constructing the 
device of FIG. 1; 
FIG. 4 is a bottom view of the pre-assembly of FIG. 3, 

after the lower portion has been removed along the 
line 4-4 to provide a shunted surface spark gap; and 
- FIG. 5 is a perspective view of the electrode sub 
assembly utilized in the sub-assembly of FIG. 3. 

In the exemplary embodiment of the primer or squib 
device of the present invention illustrated in the draw 
ing, a hollow tubular housing 10, which is preferably 
made of a metal such as aluminum, contains an electrical 
insulating body or member 11. The insulating body 11 
in a preferred embodiment is made of ceramic material 
and has at least two metallic electrodes 2 and 13 par 
tially embedded therein. The end portions of the elec 
trodes preferably extend or protrude upward from the 
end surface of the insulating body. These end portions 
function as input terminals which are adapted to be con 
nected to a suitable triggering source of electrical energy. 
By way of example only, the upper end portions of the 
electrodes are illustrated as being in the form of male 
pin type connectors for detachable connection to the 
socket part of a connector device. It is to be under 
stood, however, that these portions may be terminated 
also in other forms and types such as, for example, wire 
connectors as is apparent to those skilled in the art. It 
is to be also understood that the end portions may be 
hollow sockets to provide female connectors. The lower 
end portions of the electrodes which extend or protrude 
downwards from the other end surface of the insulating 
body 11 are substantially embedded in a high impedance 
semi-conductive mass or member 14. As shown, member 
14 fills a recess in insulator 11 and has an end surface 
which is flush with the end surface of the insulating mem 
ber. As will be explained in greater detail hereinafter, 
the semi-conductive member 14 is fused to the plastic 
or ceramic body 11 and the lower end portions of the 
electrodes 2 and 13 and thus provide a seal therebetween. 
The electrodes are provided with flat opposing surfaces 
15 and 16 and these flat surfaces are spaced apart in and 
at the surface of the semi-conductive member in a spark 
gap relationship. 
At the lower, outer surface of the semi-conductive 

member 14, the ends of the electrodes are shown, by 
way of example, as being disposed in a coplanar rela 
tionship therewith to provide a shunted surface spark 
gap 15, 16. The shunted surface spark gap is adjacent 
to and extends across a small chamber 17 containing a 
heat expandable gas which, for example, may be air. Ex 
tending across the other end of the chamber 17 is a thin 
frangible or rupturable plate-like member or diaphragm 
18. The latter is adapted to be ruptured by the expan 
sion of the gas confined in the chamber 17 when the gas 
becomes sufficiently heated by a spark discharge across 
the shunted surface spark gap 15, 16 which is produced 
in response to a triggering signal across electrodes 12 
and 13 of at least a predetermined voltage level and 
energy content. 
Below the frangible plate-like member 18, as viewed 

in F.G. 1, is a second chamber 9 containing a pyro 
technic or explosive charge 20 which may consist of a 
powdered mixture of equal parts of titanium and cupric 
oxide. Thus, when the frangible member 18 ruptures, 
the charge 20 is exposed to the spark gap discharge ap 
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pearing across the shunted surface spark gap 15, 16 and 
is ignited thereby. 
As is illustrated in the drawing, the gas containing 

chamber i7 comprises an apertured electrical insulating 
member 21 which is preferably a laminated plastic 
washer. Member 2 may, for example, be made of a 
thermo-setting resin, such as polytetrafluoroethylene, re 
inforced by layers of glass fiber cloth. The chamber 19 
containing the material 20 is illustrated in the drawing as 
comprising a retaining washer 22 and a bushing or sleeve 
23, which may be of similar metal compositions, such 
as brass, and a lower frangible sheet-like member 32 
which may be of a similar or a different metal, such as 
preferably aluminum. 

Referring now to FIGS. 3 to 5, in constructing the 
squib of the present invention, the ceramic body 11 is 
molded, such as, for example, by an injection molding 
process in an elongated form 11a. The ceramic mem 
ber is provided with recesses 24 and 25 at the end sur 
faces thereof and two passage-ways adapted to receive 
the electrode sub-assembly 26 of FIG. 5 now to be de 
scribed. The sub-assembly 26 may be prepared in a 
die as an integral member from a length of round wire 
or bar stock and is provided with the flat opposing faces 
15 and 16. The upper ends of the electrodes 12 and 
13 of the sub-assembly are then inserted through the 
openings or passageways of the ceramic body 1a. A 
high temperature seal 27, i.e. a seal having a fusing or 
sealing temperature higher than the fusing temperature 
of the semi-conductive material 4 is then fused in the 
recess 25, thereby forming a gas tight seal between the 
ceramic body and the stems of the electrodes. There 
after, the ceramic body is inverted from the position il 
lustrated in F.G. 3 and the semi-conductive material 4 
deposited in the recess 24 of the ceramic body 11a. The 
material 14 is then fused to the ceramic body and the 
parts of the electrode sub-assembly 26, within recess 24 
to complete the pre-assembly 28 illustrated in FIG. 3. 
The lower portion of the pre-assembly 28 is subsequently 
removed to a predetermined level, such as the level in 
dicated by the line 4-4, by grinding or any other suit 
able operation. In this manner the shunted surface spark 
gap is exposed and provided as is best illustrated in 
F.G. 4. 
The sub-assembly 28 with this lower portion removed 

is then inserted in the housing 10. As illustrated in 
FIG. 1, an inner configuration of the housing is provided 
with a shoulder 30 which coacts with the edge of the 
surface of the ceramic body ill. A suitable seal, such 
as an epoxy or low temperature (800 F.) glass seal 31, 
is then provided to seal the ceramic body and electrode 
parts in proximity thereto to the housing and provide a 

O 

20 

30 

40 

gas-tight seal between insulator 1 and housing 10. 
Thereafter, there is inserted into the housing, in the fol 
lowing succession, the plastic disc or washer 24, the fran 
gible diaphragm 18, the retaining washer 22, the sleeve 
or bushing 23, the ignitable powder charge 20, and the 
closure member 32. The powder charge 20 should be 
relatively loose powder so as not to interfere appreciably 
with the rupturing of diaphragm 18 by a predetermined 
gaseous pressure build-up in chamber 17. If desired, an 
apertured retaining member 33 is provided and inserted 
adjacent to the exterior surface of the closure sheet 32. 
Means are provided to maintain the thus assembled parts 
in a relatively fixed assembly and preferably comprise, 
for simplicity, the crimping or staking of the interior edge 
of the housing 10 over against the exterior surface of 
the retaining washer for closure member 32. 

In operation, when a spark of sufficient intensity is 
generated between the lower exposed ends 5 and 16 of 
electrodes 12 and 13 by a signal having a voltage and 
energy content of a predetermined level within a rela 
tively narrow range, the gas confined in the chamber 17 
will expand and rupture the frangible member 18 as afore 
mentioned. Upon rupture, the powder 20 in chamber 19 
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4. 
is ignited by the spark discharge at the shunted surface 
gap 15, 16 causing the powder to burn or explode and 
rupture the closure member 32, which may be in proX 
imity to a device, not shown, that is to be actuated or 
energized by the detonation or burning of the charge 20. 
By judiciously selecting the parameters of the thermal and 
electrical circuits of the assembled squib, accidental or 
deliberate signals, which may be either static, radio fre 
quency, or combinations thereof, and not having the pre 
determined voltage level and energy content, will be in 
capable of triggering or firing the squib. Thus, for ex 
ample, if the signal applied across terminals 12 and 13 
is of a voltage level lower than the approximate trigger 
ing level predetermined for the device, such signal, re 
gardless of its energy content, will be dissipated primarily 
through the semi-conductive material 4 bridging the op 
posing surfaces 15, 16 of the electrodes without providing 
sufficient heat to sufficiently expand the gas in the cham 
ber 17 to cause member 18 to rupture. Likewise, any 
signals, which have a voltage level higher than the ap 
proximate triggering level predetermined for the device 
but an energy content which is lower than the energy pre 
determined for triggering the device, will also be dis 
sipated primarily through and across the surface of semi 
conductive material 4 between the opposing surfaces 15 
and 16 of the electrodes embedded therein. In the last 
mentioned case, the signals will also provide insufficient 
heat to expand the gas in the chamber 17 sufficiently to 
cause the member 18 to rupture. Thus, it will be seen 
that the squib device of the present invention is immune 
to being triggered by most stray and accidental signals 
and is particularly adaptable to those applications or sys 
tems, such as missile systems and the like, wherein the 
squib device is in proximity to stray electrical energy and 
especially radio frequency energy which may be gener 
ated, for example, by radar, beams or the like. 

Furthermore, by judiciously selecting the parameters 
of the thermal circuit of the present invention any heat 
generated by spark discharges created by signals not of 
the predetermined voltage level and energy content re 
quired to trigger the device will be dissipated without 
'dudding' or otherwise detrimentally affecting the powder 
charge. In a device embodying the invention, and par 
ticularly where the insulating body 11 is a ceramic, it 
is preferred that the electrodes 12 and 13 be made of a 
material known under the trademark Kovar to insure a 
good seal and hence gas tightness which will prevent loss 
of pressure or blow back from chamber 17 upon thermal 
expansion of the gas therein. A satisfactory melt type 
composition for the semi-conductive mass 4 may con 
sist of a fused or baked mixture of copper oxide 
(33.6%), iron oxide (6.4%) and magnesium oxide 
(60%) powders suspended in distilled water for applica 
tion before baking at 2000 F. The stated percentages 
are by weight. This novel semi-conductive composition 
forms an effective seal around the electrodes, and has 
good stability, desirable electrical resistance and suitable 
heat conductivity to effect rapid dissipation of heat build 
up from stray electrical pulses below the voltage and en 
ergy required for firing the device. The seal 27, which 
also prevents leakage of the fused mass 14 along the 
electrodes during assembly, may be a high temperature 
glass seal having affinity for the insulator 11 as well as 
for the metal electrodes 2 and 13. A high temperature 
(2550 F.) glaze has been found satisfactory for this 
purpose. 

Operable devices may be and are generally much 
smaller than the device illustrated in the drawing. For 
example, some successful embodiments wherein the casing 
10 had a diameter of less than one half inch, the volume 
of spark chamber 17 was .0014 cu. in. In such a device, 
the thickness of the diaphragm 18 when made of alumi 
num foil depends upon the desired firing characteristics 
but a thickness of .002 inch was satisfactory to give a 
firing point at about 2.2 joules stored energy discharged 
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from a capacitor at about 2300 volts across the gap 15, 
16. Different parameters may be chosen to obtain dif 
ferent desired and controllable firing points. It is pre 
ferred that the various parts or elements of the squib of 
the present invention, as illustrated in the drawing, have 
cylindrical or circular configurations and be symmetrically 
assembled and disposed about the longitudinal axis of the 
squib. In this manner, the squib and the parts thereof 
are easily fabricated and assembled and are especially 
conducive to being sub-miniaturized and mass produced. 
Although only one embodiment of the invention has 

been illustrated in the accompanying drawing and de 
scribed in detail in the foregoing specification, it is to be 
expressly understood that changes may be made therein. 
For example, one of the spark gap electrodes may bean 
nular and one or both of the electrodes may extend be 
yond the outerface or surface of semi-conductive mass 
14. Various other changes, such as in the relative di 
mensions and configurations of the parts, materials used, 
and the like, may also be made without departing from 
the spirit and scope of the invention as will now be ap 
parent to those skilled in the art. 
What is claimed is: 
1. A squib comprising means forming a substantially 

sealed gas-filled chamber, said means including a thin 
frangible sheet closing one end of the chamber, and means 
confronting the gas in the chamber and forming a spark 
gap at the other end of said chamber, said sheet being 
rupturable by the thermal expansion of the gas in said 
chamber, only upon a spark discharge of at least prede 
termined minimum intensity across the gap through said 
gas. 

2. A squib as defined in claim 1 wherein the spark 
gap is a shunted surface gap comprising electrodes ter 
minating in spark gap relation and bridged by a non-in 
flammable semi-conductive wall surface of said chamber. 

3. A squib as defined in claim 1 wherein the chamber 
forming means includes an insulator having a recess in one 
end thereof and wherein the spark gap comprises elec 
trodes extending through said recess and terminating in 
spark gap relation and a semi-conductive non-inflam 
mable mass in said recess having a surface forming a 
part of the wall of said chamber and bridging said elec 
trodes. 

4. A squib as defined in claim 3 wherein said insulator 
has a second recess in the other end thereof through which 
said electrodes extend and comprising electrically insulat 
ing means set from a flowable state in said second recess 
and forming a seal between said insulator and said elec 
trodes. 

5. In a squib, means forming a shunted surface spark 
gap, including spaced electrodes and semi-conductive 
means bridging the gap between said electrodes, and 
means for forming a substantially sealed gas-filled cham 
ber with said gap therein at one side thereof, at least a por 
tion of the wall of the chamber opposite said spark gap 
being constituted by a thin frangible sheet which is ruptur 
able by gaseous pressure generated in said chamber by the 
heat of a spark discharge of at least predetermined inten 
sity at the spark gap through the gas in said chamber. 

6. A squib as defined in claim 5 comprising electrical 
insulating means supporting said electrodes and having a 
recess therein, the terminal end portions of said elec 
trodes being embedded in said semi-conductive means 
within said recess, the end surfaces of the electrodes being 
flush with the surface of said semi-conductive means ex 
posed in said chamber. 

7. A squib as defined in claim 6 wherein said chamber 
is formed within the recess is in said insulating means. 

8. A squib as defined in claim 7 wherein said insulating 
means comprises two insulators in end-to-end relation and 
said chamber is formed in a passage through one of said 
insulators. 

9. A squib comprising in combination a tubular hous 
ing, a shunted surface spark gap assembly in the housing 
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6 
comprising an insulator having passages therethrough, 
a pair of electrodes extending through said passages and 
terminating at their inner ends in spark gap relation and 
semi-conductive means bridging said inner ends to form 
a shunted surface spark gap, and means forming a closed 
chamber containing said spark gap, said chamber having 
a thin frangible wall opposite said spark gap and ruptur 
able by gaseous pressure within the chamber upon a spark 
discharge of predetermined intensity at the spark gap 
through the gases in the chamber. 

10. A squib as defined in claim 9 wherein said spark 
gap assembly further comprises insulating means forming 
a seal between said insulator and said electrodes. 

11. A squib as defined in claim 9 comprising means 
forming a seal between said housing and said insulator. 

12. A squib as defined in claim 9 wherein said cham 
ber forming means comprises an insulating member abut 
ting said insulator and having a passage therethrough in 
registry with said spark gap. 

13. A shunted surface spark gap assembly comprising 
an insulator having spaced passages therethrough and a 
recess in one end thereof, two elongated electrodes ex 
tending through said passages and terminating in said 
recess, the terminal end portions of said electrodes being 
turned inwardly toward each other and having plane flat 
surfaces in face-to-face spark gap relation, and an elec 
trically semi-conductive mass in said recess between said 
surfaces. 

14. A spark gap assembly as defined in claim 13 where 
in said terminal ends of the electrodes are embedded in 
said semi-conductive mass with only the end surfaces 
thereof exposed in a common transverse plane. 

15. A spark gap assembly as defined in claim 13 where 
in said semi-conductive mass comprises a fused mixture 
of copper oxide, iron oxide and magnesium oxide. 

16. A squib comprising an electrical insulating first 
member, a semi-conductive second member adjacently 
coupled to said first member, at least two conductors par 
tially embedded in said first and second members and 
terminating in input terminals at one end and in elec 
trodes at the other end, the ends of said electrodes being 
in a substantially coplanar relationship with a predeter 
mined exterior surface of said second member to define 
thereat a shunted surface spark gap, first chamber means 
adjacent said shunted surface gap containing a gas and 
having an aperture and a frangible plate-like wall mem 
ber across the aperture to confine said gas in the chamber 
means, and second chamber means containing a charge 
of ignitable material and having an aperture covered by 
Said frangible plate-like member, the latter being ruptur 
able by the thermal expansion of said gas caused by a 
spark discharge across said shunted surface spark gap 
within said first chamber means in response to an elec 
trical signal having a predetermined voltage level and 
energy content appearing at the input terminals of said 
conductors to provide access between said charge and 
the spark discharge at said shunted surface gap for firing 
said charge. 

17. A squib according to claim 16 wherein said sec 
ond member is fused to said first member and said elec 
trodes. 

18. A squib according to claim 16 wherein parts of 
Said electrodes embedded in said second member have 
opposing flat parallel surfaces. 

19. A Squib comprising an electrical insulating ce 
ramic first cylindrical member, a semi-conductive second 
cylindrical member having a predetermined end surface 
fused to an end surface of said first cylindrical member, 
at least two elongated metallic electrodes embedded in 
said first and second cylindrical members and terminating 
in input first terminals and in second terminals, the ends 
of said second terminals being in Substanially coplanar 
relationship with the exterior surface of the other end 
of said second cylindrical member to define thereat a 
shunted surface spark gap, parts of said electrodes em 
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bedded in said second cylindrical member having ad 
jacent flat opposing parallel surfaces spaced in a spark 
gap relationship, at least part of said insulating first cy 
lindrical member being disposed between said shunted 
Surface spark gap and said input terminals, a first cham 
ber containing a gas therein and comprising a cylindrical 
first tubular member and having one end thereof ad 
jacent to said shunted surface gap and covered by a pre 
determined part of said exterior surface, a second cham 
ber containing a charge of explosive material therein and 
comprising a cylindrical second tubular member, a first 
frangible plate-like member having a first surface ad 
jacent the other end of said first tubular member and 
having a second surface adjacent a predetermined end 
of said second tubular member, and a second frangible 
plate-like member adjacent to the other end of said sec 
ond tubular member, said first plate-like member being 
rupturable by the thermal expansion of said gas caused by 
a spark discharge across said shunted surface spark gap 
in response to an electrical signal having a predetermined 
Voltage level and energy content appearing at the input 
terminals of said electrodes and said second frangible 
plate-like member being rupturable by the burning of 
said charge. 

20. An electrically triggered squib device comprising 
an electrical insulating ceramic first cylindrical member, 
a semi-conductive second cylindrical member having a 
predetermined end surface fused to an end surface of said 
first member, at least two elongated Kovar electrodes em 
bedded in said first and second cylindrical members and 
terminating in input first terminals and in second ter 
minals, said second terminals being in substantially co 
planar relationship with the exterior surface of the other 
end of said second cylindrical member to define thereat a 
shunted surface spark gap, the parts of said electrodes 
embedded in said second cylindrical member having re 
spective flat opposing surfaces and being spaced in a 
Spark gap relationship, at least part of said insulating 
member being disposed between said shunted surface 
spark gap and said input terminals, a first chamber con 

O 

5 

25 

30 . 

35 

40 

3 
taining a gas and comprising a cylindrical first tubular 
electrical insulating member having one end thereof ad 
jacent said shunted surface gap and covered by a prede 
termined part of said exterior surface, a second chamber 
containing a charge of explosive material therein and 
comprising a cylindrical second tubular member, a first 
frangible plate-like cylindrical member having a first 
surface at the other end of said first tubular member and 
having a second surface adjacent to an end of said sec 
ond tubular member, a second frangible plate-like cy 
lindrical member adjacent to the other end of said sec 
ond tubular member, and a cylindrical exterior metal 
tubular shield for housing said first and second cylindrical 
members, said electrodes, said first and second chambers, 
and said first and second frangible plate-like members, 
said first plate-like member being rupturable by the ther 
mal expansion of said gas caused by a spark discharge 
across said shunted surface spark gap in response to an 
electrical signal having a voltage level and energy con 
tent to produce a spark discharge of predetermined in 
tensity and said second frangible plate-like member be 
ing rupturable by the explosion of said charge. 
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