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57 ABSTRACT 
A circuit board having a photoflash array is provided 
based on the screen printing of a radiation curable ink 
onto the surface of a substrate followed by the radiation 
cure of the ink. 

7 Claims, 4 Drawing Figures 
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1. 

METHOD FOR MAKING ACIRCUIT BOARD AND 
ARTICLE MADE THEREBY 

2 
used on a wide variety of substrates, including thermo 
plastic substrates. 

When certain organic resins are exposed to radiation 
such as ultraviolet radiation, the resin can be cured into a 

Matter enclosed in heavy brackets appears in the 5 non-tacky but relatively flexible and well-adhering coating 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue, 

BACKGROUND OF THE INVENTION 

Prior to the present invention, circuit boards were 
often made by etching copper-clad laminates in accor 
dance with standard negative photo-resist procedures. 
In particular situations, where cost was not a problem 
and where long, air polluting cures could be tolerated, 
conductive pastes or inks were available which could be 
directly applied onto the substrate surface in a patterned 
2. 

Although conductive pastes often simplify the pro 
duction of circuit boards in many instances, the conduc 
tive pastes are frequently limited to particular substrates 
depending upon the manner by which the paste is 
cured. The cure of one available paste, for example, is 
based on the evaporation of a volatile solvent. How 
ever, organic solvents often damage thermoplastic sub 
strates when allowed to contact substrate surfaces over 
extended evaporation periods. In addition, air pollution 
hazards has have reduced the use of such materials 
for mass production applications. 
Another type of curable ink must be fired at an ele 

wated temperature before it becomes conductive. A 
conductive powder is used in combination with a glass, 
as shown for example by J. E. Jolley, Solid State Tech 
nology, May 1974, pages 33-37. In order to render the 
ink conductive, it is necessary to heat the ink at tem 
perature temperatures up to 900' C. As a result, such 
conductive inks can only be employed on ceramic sub 
strates which are able to withstand such extreme tem 
perature conditions. 
As shown by Ehrreich et al. U.S. Pat. No. 3,202,488 

and Gillard Gilliland U.S. Pat. No. 3,412,043, addi 
tional curable inks are available based on the employ 
ment of an epoxy resin which can be employed in the 
form of either a one-package one package or two 
package two package system. An advantage of the two 
package system is that a low temperature cure can be 
achieved. However, the catalyst must be mixed with the 
resin immediately prior to use, and the ink remains 
tacky for several hours. In addition, the two package 
method cannot be used to make circuit boards in a con 
tinuous manner, since a batch of mixture having a rela 
tively shurt pot life must be freshly prepared. Although 
the Ione-package one package system allows for faster 
cures, higher temperatures are required to release the 
curing catalyst. Accordingly, such epoxy systems are 
either undesirable on thermoplastic substrates, which 
cannot tolerate elevated cure temperature, or are un 
suitable for economic mass production procedures be 
cause of long cure times. 
Although recent improvements have eliminated, in 

many instances, the need for time consuming etching 
procedures for making circuit boards, based on the 
direct application of curable inks which can be rendered 
conductive upon cure, no curable printing inks are 
available which can be rapidly cured within two min 
utes or less to the conductive state and which can be 
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on a thermoplastic substrate in a short period of time and 
without subjecting the thermoplastic substrate to high ten 
perature conditions which would damage the substrate. 
While a number of such resins are known, they cannot be 
effectively cured by ultraviolet radiation if the most conven 
tionally used electrically conductive fillers are present in 
the resins in such quantity as to impart sufficient electrical 
conductivity to the coating. Conductive metals shield the 
transmission of ultraviolet radiation through the matrix 
and, if the filler is primarily in the form of fine metallic 
particles or flakes, the radiation is blocked to an extent that 
the resin does not cure except for a thin surface layer 
thereaf. 

If the filler is in the form of large, coarse particles, the 
interstitial spaces between the particles may enable the 
transmission of sufficient radiation to adequately cure the 
resin. Coarse particles, however, do not contact one another 
with such intimacy as to establish good electrical conduc 
tion through the coating. 
The present invention contemplates the provision of a 

coating which may be quickly and adequately cured on a 
thermoplastic substrate by ultraviolet radiation, which 
passesses good electrical conductivity and which, at the 
same time, maintains good adhesion and flexibility after 
being cured. This is achieved by providing a coating formed 
by an ultraviolet-cured organic resin matrix and by at least 
about 40% and not more than about 90% by weight of 
electrically conductive particles, at least about 85% by 
weight of the particles being substantially spherical and 
having a diameter of between 10 and 50 microns. Because 
a substantial majority of the conductive particles are spher 
ical and are within the stated diameter range, they are 
substantially regular in shape and are sufficiently small as 
to be capable of establishing good electrically conductive 
contact with one another. At the same time, the particles 
are sufficiently large to leave interstitial spaces which are 
capable of enabling the transmission of sufficient ultravio 
let radiation to effect through curing of the resin without 
need of using curing additives which would adversely affect 
the flexibility and adhesiveness of the resin. 

SUMMARY OF THE INVENTION 

The present invention is based on the discovery that 
certain radiation curable organic resins, which include 
UV (ultraviolet) curable resins which are shown in 
copending application Ser. No. 509,822 of Bolon et al, 
and now U.S. Pat. No. 3,968,056, filed concurrently 
herewith and assigned to the same assignee as the pres 
ent invention, can be used in combination with certain 
particulated electrically conductive materials selected from 
the group consisting of particulated electrically conduc 
tive metal or and of particulated electrically conduc 
tive metal containing material, such as metal coated 
glass spheres of or fibers, including mixtures thereof, 
to produce a radiation curable ink which is rendered 
conductive upon cure. A surprising feature of the afore 
mentioned radiation curable ink is that the shape of the 
particulated conductive material largely determines 
whether the radiation curable ink will cure satisfacto 
rily. For example, unsatisfactory cures can result, if 
the particulated electrically conductive metal contain 
ing material is in the form of flakes. Flakes are defined 
within the meaning of the present invention as being a 
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metal, or electrically conductive metal containing Ima 
terials material which have has an aspect ratio 
D/T of greater than 20, where "D" is the diameter of 
the flake the and "T" is the thickness, Experience 
has shown that the particulated electrically conductive 
material employed in the practice of the invention is 
preferably spherical, spheroidal or oblong spherical in 
shape. Although less desirable than spheres, metal fi 
bers, or glass fibers coated with metal have been found 
to be more effective than metal flakes, with respect to 
allowing satisfactory cures of the photo curable ink 
when it is subjected to radiation cure. It has been found, 
however, that up to about 15% by weight of flakes 
based on the weight of particulated electrically conduc 
tive metal containers material can be tolerated in the 
radiation curable ink without adverse results. 
There is provided by the present invention a method 

for making a circuit board having conductive circuit 
elements with a specific resistivity of less than 10 ohm 
cm. patterned on a nonconductive substrate, which 
comprises, 

1. printing a radiation curable ink onto the noncon 
ductive substrate to a desired circuit pattern, and 

2. effecting the radiation cure of the radiation curable 
ink at ambient temperatures, where said radiation 
curable ink comprises by volume 
A. from about 10% to 60% of an organic resin 

binder having a viscosity of from 50 to 10,000 
centipoises at 25 C., and 

B. from about 90% to 40% of a particulated electri 
cally conductive metal containing material 
substantially free of metal containing material 
selected from the group consisting of a particulated 
electrically conductive metal and a particulated 
electrically conductive metal containing material, 
including mixtures thereof, which contains no more 
than up to about 15% by weight of said particulated 
electrically conductive material having an aspect 
ratio of diameter to thickness of a value greater 

aw than 20. 
Radiation curable links which can be used in the 

method of the present invention are shown in our co 
pending application Ser, No. 509,822, and now U.S. Pat, 
No. 3,968,056, filed concurrently herewith and assigned 
to the same assignee as the present invention, which 
includes a blend of a polyester and styrene as the or 
ganic resin binder and silver coated glass spheres, or 
spheroids, sometimes referred to as "beads" which have 
an average diameter of about 6 to 125 microns and 
preferably 10 to 50. These materials are commercially 
available and are made from glass spheres employed as 
reflective filler materials. Also included are particulated 
metals such as iron, zinc, nickel, copper, etc., which 
have average diameters as previously defined and are 
substantially free of a nonconductive oxide coating. 
Procedures for making such conductive particles by 
plating with silver, or initially priming with copper 
followed by plating with silver, or noble metals, as 
are shown by Ehrreich et al. U.S. Pat. No. 3,202,483 
3,202,488 Glass fibers coated with silver, copper or 
nickel as shown for example in French Pat. No. 
1,531,272 also can be used. 

Particulated metals such as iron, nickel, copper, zinc, 
etc. in the forming form of spheres, spheroids or 
oblong spheroids, metal or or metal fibers also can be 
used which have been reduced in a hydrogen or other 
reducing atmosphere at elevated temperatures to effect 
the removal of any oxide coating sufficient to render the 
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4. 
metal particles non-conductive. The particulated metal 
in reduced form can be shielded from oxygen prior to 
being treated with the organic resin binder. The result 
ing radiation curable ink can be stored under sealed 
conditions prior to use. 
Some of the organic resin binders which can be used 

in making the radiation curable inks of the present in 
vention in combination with the above-described elec 
trically conductive particulated material are in the form 
of either low molecular weight aliphatically unsatu 
rated organic polymers, or a mixture of an aliphatically 
unsaturated organic polymer in further combination 
with a copolymerizable aliphatically unsaturated or 
ganic monomer such as styrene. The aforementioned 
solventless aliphatically unsaturated organic resin mate 
rials can have a viscosity of from about 50 to 10,000 
centipoises at 25 C. 
One variety of the solventless resins which can be 

employed in combination with the particulated electri 
cally conductive metal containing material in the 
production of the radiation curable ink inks of the 
present invention, are low molecular weight polyimides 
containing acrylamide unsaturation, such as shown in 
U.S. Pat. No. 3,535,148, Ravve. These materials can be 
colorless liquids having relatively low viscosity. An 
other example is low molecular weight polyesters con 
taining acrylic unsaturation shown by U.S. Pat. No. 
3,567,494, Setko. Additional examples of solventless 
resins are acrylate esters, or methacrylic esters of poly 
hydric alcohols, such as shown by U.S. Pat. Nos. 
3,551,246, and 3,551,235, Bassemir et al. Further exam 
ples are shown by Nasset al U.S. Pat. No. 3,551,311. In 
addition, there also is included acrylate or methacrylate 
esters of silicone resins, acrylate or methacrylate esters, 
melamine, epoxy resins, allyl ethers of polyhydric alco 
hols, allyl esters of polyfunctional aliphatic or aromatic 
acids, low molecular weight maleimido substituted aro 
matic compounds, cinnamic esters of polyfunctional 
alcohols, or mixtures of such compounds, etc. 
The organic resin binder which can be used in combi 

nation with the above described particulated electrically 
conductive metal containing materials can be fur 
ther defined as unsaturated polymers, for example, a 
polyester from a glycol and af3-unsaturated dicarbox 
ylic acids, such as maleic and fumaric acids, with or 
without other dicarboxylic acids, free of a, 3 unsatura 
tion, such as phthalic, isophthalic, succinic, etc., dis 
solved in a copolymerizable aliphatically unsaturated 
organic solvent, such as styrene, vinyl toluene, divinyl 
benzene, methyl methacrylate, etc., or mixtures of such 
materials. Example of such solventless resin composi 
tions are shown by U.S. Pat. Nos. 2,673,151, Gerhart 
and 3,326,710, Brody; a further example is shown by 
South African Pat. No. 694,724 69-4724. Also in 
cluded are unsaturated organosiloxanes having from 5 
to 18 silicon atoms, which can be employed in combina 
tion with a vinylic organic monomer. 

In instances where it is desired to make a UV curable 
ink, UV sensitizers can be employed when the organic 
resin binder is in the form of a polyester or polyacrylate 
or other polymerizable UV curable material. There can 
be employed from about 0.5 to 5% by weight of the UV 
sensitizer based on the weight of resin. Included among 
the ultraviolet radiation photosensitizers which can be 
used are, for example, ketones such as benzophenone, 
acetophenone, benzil, benzyl methyl ketone; benzoins 
and substituted benzoins such as benzoin methyl ether. 
a-hydroxymethyl benzoin isopropyl ether; sulfur com 
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pounds such as thiourea, aromatic disulfides, and other 
photosensitizers such as azides, thioketones, or mixtures 
thereof. There also can be used in the ink, UV stabilizers 
and antioxidants such as hydroquinone, tert butyl hy 
droquinone, tert butyl catechol, p-benzoquinone, 2,5- 
diphenylbenzoquinone, 2,6-di-tert-butyl-p-cresol, ben 
zotriazoles such as Tinuvin P (manufactured by Geigy 
Corp.), hydrozybenzophenones hydroxybenzophe 
nones such as 2,4-hydroxybenzophenone, 2-hydroxy-4- 
methoxy-benzophenone, 4-dodecyl-2-hydroxyben 
zophenone, substituted acrylonitriles such as ethyl-2- 
cyano-3,3-diphenyl acrylate, 2-ethylhexyl-2-cyano-3,3- 
diphenyl acrylate, etc. also can be used. 

In addition as shown by Gebhartt et al., Farbe und 
Lack 64.303 (195) (1958) small amounts of a paraffin 
wax, up to 2% by weight, such as a 135 F. M.P. can be 
incorporated into resins which contain polymerizable 
groups subject to oxygen inhibition. Such wax substan 
tially reduces such oxygen inhibition which manifests 
itself as surface tack. Alternatively, the wax may be 
omitted when radiation cures are to be conducted in an 
inert atmosphere. It also has been found that the con 
ductivity of the cured ink can be impaired if chloride 
containing components are used which introduce more 
than 100 parts of chloride, per million of organic resin 
binder. 

Additional examples of the organic resin binder 
which can be used in the practice of the invention are 
radiation curable epoxy compositions shown in copend 
ing applications of James Crivello, Ser. Nos. 466,374, 
466,375, and 466,378, filed May 2, 1974, now aban 
doned, and assigned to the same assignee as the present 
invention. These Crivello compositions are one-pack 
age one package radiation curable epoxy resins con 
taining aromatic onium salts of the Group VA ele 
ments, such as sulfur, aromatic halonium salts, and 
Group VA elements such as arsenic which break down 
under the influence of radiant energy to release a Frie 
del-Crafts catalyst such as borontrifluoride to effect the 
cure of the epoxy resin. 
The epoxy resins which also can be utilized as the 

organic resin binder to produce the photo curable inks 
of the present invention includes any monomeric, di 
meric or oligomeric or polymeric epoxy material con 
taining one or a plurality of epoxy functional groups. 
Diluents such as 4-vinylcyclohexene dioxide, limonene 
dioxide, 1,2-cyclohexene oxide, styrene oxide, etc., may 
be added as viscosity modifying agents. 

In the practice of the invention, the radiation curable 
ink can be made by simply blending the particulated 
electrically conductive metal containing conductive 
material, which may be referred to hereinafter as the 
"conductive filler', with the organic resin binder, 
which hereinafter may be referred to as the resin. 
Depending upon such factors as the viscosity of the 

resin, and the particle size and nature of the conductive 
filler, the resulting radiation curable ink can vary 
widely and can be a free flowing fluid or a paste. In 
instances where it is desired to make a UV curable 
conductive ink, a photosensitizer can be incorporated 
into the resin prior to blending with the conductive 
filler. There can be employed on a weight basis from 
about 0.5 parts to 10 parts of filler per part of resin. If 
desired, electron beam cure of the ink also can be ef 
fected. 

Blending can be achieved by simply stirring the in 
gredients in a suitable container. In instances where the 
conductive filler is in the form of particulated metal 
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6 
which has been freshly subjected to hydrogen reduction 
at temperatures of 300' to 800' C. to effect removal of 
sufficient oxide coating to render the filler conductive, 
or a chemical treatment involving the use of a dilute 
ammonium persulfate solution, a special blending tech 
nique is preferably employed. The resin can be treated 
with a dry inert gas, such as passing the gas under the 
resin surface along with agitation to remove any oxy 
gen, or moisture therefrom. Blending with the freshly 
reduced filler is also achieved under sealed conditions 
such as a dry box. The resulting radiation curable ink 
can be used in a standard manner to produce desirable 
conductive coatings, if radiated with either ultraviolet 
light having a wave length of between 1849 A to 4000 
A or electron beam within a reasonable time after being 
applied to a substrate such as up to 10 minutes. 

BRIEF DESCRIPTION OF THE DRAWINGS 
A more complete understanding of the method of the 

present invention can be obtained by referring to: 
FIG. 1 shows a typical circuit board which can be 

made in accordance with the method of the invention 
having conductive circuit elements shown in light shad 
ing; 
FIG. 2 shows a particular type of circuit board array 

having conductive circuit elements shown with light 
shading which can be formed in accordance with the 
method of the invention, and nonconductive switch 
elements shown in dark shading applied in a subsequent 
step, as discussed below; 

FIG. 3 is another version of the circuit board array of 
FIG.2 having the nonconductive switch elements con 
nected in parallel rather than in series. 

FIG. 4 is a cross sectional view of a single switch 
including a light absorbing, heat transmitting protective 
overcoating and the connecting terminals shown in 
FIGS. 2 and 3. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

With further reference to FIG. 1, there is shown a 
typical circuit board consisting of a substrate at 10 hav 
ing conductive circuitry exemplified by 11. These con 
ductive circuit elements can be formed on the surface of 
10 in accordance with the method of the invention by 
applying the above described radiation curable ink onto 
the substrate surface by standard printing or roto-gra 
vure techniques. For example, 100 to 400 mesh stainless 
steel screen can be used to apply the radiation curable 
ink to a thickness of 3 to 5 mils on the surface of the 
substrate in the circuit pattern desired. Suitable sub 
strates include, for example, polystyrene, polycarbon 
ate, polyethylene terephthalate, polypropylene, poly 
acrylates, etc. 
Cure of the radiation curable ink can be achieved 

with conventional U.V. discharge lamps such as one or 
more GEH3T7 suitably ballasted to achieve the desired 
degree of intensity. U.V. radiation having a wavelength 
of between about 1849 to 4000 A can be used effec 
tively. 

In order to insure a cure time of between 1 to 2 min 
utes or less, it has been found desirable to operate the 
lamps at a sufficient flux to provide at least 15,000 mi 
crowatts of light per sq. cm. The flux can be varied by 
altering the lamp ballast, the distance from the sub 
strate, etc. 
The circuit board of FIG. 2, more particularly shows 

a circuit board array suitable for a multiple flash unit for 
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sequential firing of flash bulbs consisting of non-con 
ductive substrate at 20, and contact Tabs tabs at 21 
and 22 which electrically connect terminals 31 and 32. 
Resistive switch elements are shown typically across 33 
and 34, across 43 and 44 and across 53 and 54. These 
resistive switch elements can be made by subsequently 
applying compositions described in abandoned applica 
tion Ser. No. 460,801, filed Apr. 15, 1974 by F. F. Holub 
et al., and copending application Ser. No. 473,151, filed 
May 24, 1974, of F. F. Holub et all and now U.S. Pat. 
No. 3,951,582, of F. F. Holub et al., both assigned to the 
same assignee as the present invention, onto circuit 
boards made in accordance with the methods 
method of the present invention, 
A typical switch composition can consist in part of a 

mixture of silver oxide in combination with either silver 
carbonate or certain organic materials containing chem 
ically combined silver, such as silver pyruvate, silver 
acetyl acetonate, or silver salts of either aliphatic or 
aromatic carboxylic acids. The switch composition also 
can contain a binder for the aforementioned blend of 
silver compounds in the form of substantially water 
resistant organic materials such as cellulose esters, cellu 
lose ethers, polyacrylates, polycarbonate and polysty 
rene and more specifically cellulose nitrate, ethyl cellu 
lose, ethyl hydroxyethyl cellulose, polymethylmeth 
acrylate, polymethylacrylate, etc. 

Various particulate fillers can also be incorporated 
into the above described switch composition to improve 
rheological properties of the liquid coating mixture 
such as bodying agents or adhesion promoters as well as 
to improve switch performance on the circuit board. 
For example, the incorporation into the switch mixture 
of up to about 2% by weight of finely divided carbon 
particulates can improve radiation absorption of the 
solid switch when light colored silver source materials 
are used and also improve deposition of the coating 
mixture. Dispersing agents such as nonionic non 
ionic surfactants have also been found useful in prepar 
ing a liquid suspension of the switch material which can 
be cured or dried to provide the desired switching capa 
bility. In depositing the switches for a preferred circuit 
board embodiment of the present invention wherein 
each switch is located between a pair of spaced apart 
electrical terminals on the circuit board, as shown in 
FIGS. 2 and 3, conventional techniques may be used 
requiring an organic diluent or solvent. Useful solvents 
include pine oil, hydrocarbon fluids, esters, for example, 
an ether ester, etc., which are conventionally used in 
silk screening. The liquid coating mixture for deposition 
is formed by mixing the silver source material with the 
organic binder and solvent to form a slurry. This may be 
applied across the terminals by conventional means as a 
thin coating and the solvent thereafter removed by 
evaporation to provide the solid switch. 
As shown in the copending application of Robert L. 

Smialek and Mary S. Jaffee, Ser. No. 617,688, and now 
U.S. Pat No. 3,990,832, filed Sept. 28, 1975, which is a 
continuation-in-part application of Ser. No. 508,105, 
filed Sept. 23, 1974, for Switching Devices for Photo 
flash Units, now abandoned, useful stabilizer additives 
for incorporation into the switch material compositions 
to inhibit moisture attack can be selected from the gen 
eral class of organic compounds which react with silver 
ion to form an insoluble reaction product. Weak organic 
acids have been found useful when added in small but 
effective amounts of about 0.5-2.0 weight percent of the 
switch material composition. Aromatic triazole com 
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pounds selected from the group of benzotriazole and 
carbon substituted benzotriazoles, such as tolyl triazole 
have been found especially effective. 

Further reference is made to the circuit board of 
FIG. 2 which can form part of a multiple photoflash 
array useful for a camera. An electrical energy source 
which may be contained within the camera can be con 
nected to contact tabs 21 and 22 so that a firing pulse 
produced by a source can be applied across said 
contacts depending upon the type of lamps used in the 
flashlamp array, The flashlamps in the multiple flash 
array can be the so-called high voltage type, requiring a 
pulse of approximately of 1000-2000 volts, the. 
The firing pulse source may comprise a suitable battery 
capacitor discharge and voltage step-up transformer 
type circuit, or may employ a compact piezoelectric 
element arranged to be impacted or stressed in synchro 
nization with opening of the camera shutter, so as to 
produce a firing pulse having a voltage of approxi 
mately 1000 to 2000 volts and of sufficient energy to fire 
a single flashlamp. An example of a high voltage flash 
lamp and a firing pulse source comprising a piezoelec 
tric element synchronized with a camera shutter is de 
scribed in U.S. Pat. No. 2,972,937 and 3,106,080, both to 
C. G. Suits. 

Radiation Radiation-activated switches which are 
suitable in a flash-sequencing circuit of the type above 
generally described are also known. These switches 
which can be employed in various ways are converted 
from a high resistance or open circuit conditions upon 
flashing of an adjacent flashlamp in the array to provide 
a low resistance circuit path to another unflashed lamp. 
A solid static state switch which operates in this 
manner is described previously in abandoned patent 
application, Ser. No. 460,801, filed Apr. 15, 1974, enti 
tled "Switching Devices for Photoflash Unit", in the 
names of F. F. Holub et al, and assigned to the assignee 
of the present invention. The described switch material 
composition comprises a mixture including a carbon 
containing silver salt and an organic polymer binder 
exhibiting improved shelf life under conditions of high 
relative humidity especially at above normal ambient 
temperatures. Various modifications of such switch 
material composition are disclosed to include a mixture 
of silver oxide with a carbon-containing silver salt as the 
silver source which is converted to elemental silver 
upon lamp flashing along with incorporation of various 
additives to improve the desired performance. One 
disclosed type of additive is a radiation absorbtive filler 
such as carbon if the silver source itself does not absorb 
sufficient impinging actinic radiation from the flashlamp 
reliably to provide a low ohmic conversion. 
With further reference to FIG. 2, a pulse can activate 

a flashbulb if it is connected across terminals 31 and 32. 
The switch element connected to 33 and 34, open prior 
to activation of the flashbulb across 31 and 32, closes 
after flashing. The conversion of the switch from the 
open or non-conductive state to the conductive or 
closed state is based on a chemical change taking place 
in the switch material. As a result of the closing of the 
switch across 33 and 34, a new lamp is electrically con 
nected across terminals 41 and 42 and becomes ready 
for firing. A sequential procedure of flashing and clos 
ing of switches, can be continued by activating the 
remaining terminals 51 and 52 and 61 and 62. 

FIG. 3 is another form of the type of circuit board 
which can be made in accordance with the practice of 
the invention, having switches as described in FIG. 2 
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connected in parallel instead of series. As described in 
copending application, Ser. No. 485,460, and now U.S. 
Pat, No. 3,980,876, filed July 3, 1974 Paul T. Cote and 
assigned to the same assignee as the present invention, 
the circuit board shown in FIG. 3 can be part of a multi 
ple flash unit having a transverse protection terminal 
which momentarily electrically shorts across the socket 
contacts at 87 and 88 while the unit is being plugged 
into camera socket. The shorting serves to discharge 
any residual voltage in the firing pulse source before the 
lamp connector terminals engage the socket contacts. A 
voltage from the pulse source can flash the first lamp 
shown by invisible lines across terminals 90a and 90b 
which will close switch 91. The second lamp is then 
ready for firing which will in turn close the switch at 93. 
The second lamp is shown by in visible lines as being con 
nected across terminals 94a and 94b. 
FIG. 4 shows an enlarged cross section of the 

switches of FIGS. 2 and 3. The switch terminal pair 55' 
and 56 are mounted on the circuit board 36. The radia 
tion switch 6363" is applied to the circuit board and 
is in electrical contact with electrode electrical ter 
minals 55' and 56. A protective coating 69 overlies the 
previously described switch material composition 68. 

In order that those skilled in the art will be better able 
to practice the invention, the following examples are 
given by way of illustration and not by way of limita 
tion. Unless otherwise indicated, all parts are by weight. 

EXAMPLE 1. 
A polyester prepolymer was prepared by effecting 

reaction between about 35.3 parts of fumaric acid, 11.9 
parts of dicyclopentadiene and 25.3 parts of propylene 
glycol. The resulting prepolymer was blended with 
about 24.4 parts of styrene, containing 100 ppm of tert 
butylhydroquinone stabilizer, 1.8 parts of benzoinsec 
butylether and 0.35 part of 135 F. paraffin wax. 
A radiation curable ink was prepared by blending the 

above organic resin binder with 67 parts of silver coated 
glass spheres having an average diameter of about 10-50 
microns. On a volume basis, there was employed about 
2 volumes of conductive filler per volume of resin. 
The above curable ink was printed onto a 2 inch by 6 

inch polystyrene substrate in accordance with the pro 
cedure of the present invention and in accordance with 
the pattern shown in the drawing. The treated polysty 
rene substrate was then placed at a distance of about 8 
inches from the arc tube of a General Electric H3T7 
lamp which has been ballasted to permit operation at 
about 960 watts input. There was employed two quartz 
filters below the lamp having dimensions of about 5X 10 
inches. The filters were supported on steel supports 
which formed a channel through which air was blown. 
The upper filter support was in contact with a 6' copper 
coil having an average diameter of about inch through 
which water was passed at about 25 C. The full inten 
sity of the lamps was measured at about 20,000 lo/cm 
and the temperature of the substrate did not exceed 
about 50 C. After 2 minutes cure, the ink in the panel 
was tested for continuity. Cure of the ink on the panel 
can be determined by a bake cycle of 60 minutes at 70 
C., after irradiation. If after the 2 minute exposure, the 
ink strip is tack free and it shows no more than a 2% 
weight loss based on the weight of tack-free ink, it is 
cured. It was found that the resulting conductive cured 
ink had a specific resistivity of 0.015 ohm-cm. 
A switch coating mixture was prepared with 4.5 

grams silver carbonate, 0.5 gram silver oxide, 0.1 gram 
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10 
of an acetylenic glycol type non-ionic surfactant, and 
0.17 gram ethyl hydroxyethyl cellulose binder. Said 
mixture was prepared by dissolving the cellulose binder 
constituent in mixed organic solvents and dispersing the 
silver source materials therein with the surfactant. The 
coating mixture was in the form of a paste that was 
subsequently stencilled onto polystyrene circuit boards 
already having printed silver conductors thereon. Eight 
individual switching elements were deposited on each 
board for electrical testing with each switch having the 
configuration of an approximately inch diameter disc 
of 78 microns average thickness. The switch elements 
were then dried in conventional fashion and exhibited 
an electrical resistance value of approximately 
1.6X 101 ohms prior to further testing in the manner 
described below. 
One board was tested for flashing sensitivity by the 

flashing of an adjacent high-voltage type flashlamp 
located approximately inch from the switch surface. 
Two of the switches converted to an electrical resis 
tance less than one ohm upon the flashing of a bare lamp 
whereas two additional switches converted to a similar 
resistance value when a lamp was flashed having a 50% 
light transmitting metal screen positioned between the 
lamp and the switch elements. The remaining switches 
were further tested for conversion with 36% and 29% 
light transmitting screen filters but did not undergo 
comparable conversion which indicated some limitation 
upon the flashing sensitivity of the particular switch 
material composition. 

Further evaluation of the switching elements on the 
three remaining circuitboards circuit boards was 
conducted to determine shelf life and stability to envi 
ronmental conditions. More particular particularly, 
it has been found for commercial applications that one 
requirement is for the switch elements to remain opera 
tive after being exposed to conditions of 96% relative 
humidity at a temperature of 120' F. for 14 days. In this 
procedure, a sealable glass chamber partially filled with 
water is heated to a temperature of 120 F. and a test 
circuitboard circuit board is placed in the chamber 

above the water level. The switches are thereby ex 
posed to moisture at 96% relative humidity but without 
condensation of water on the surface of the switches. 
During this test, the chamber is opened at intervals and 
the board is removed to have the electrical resistance of 
the switches measured in various ways as hereinafter 
further described. An object of this electrical testing is 
to be sure that the electrical resistance does not fall 
below 108 ohms when a 30 volts DC voltage is im 
pressed across the individual switches with a further 
object being an ability to convert each switch to less 
than 5 ohms electrical resistance by flashing of an adja 
cent lamp off after the switches have experienced the 
aforementioned humidity exposure. To determine the 
initial electrical resistance of the switches, two switches 
on each board were converted by flashing before the 
boards had been subjected to humidity exposure and the 
after flash electrical resistance found to be less than 5 
ohms with most exhibiting a 1 ohm resistance. After a 
two-week humidity exposure one board was flashed and 
all switches converted to approximately 2.8 ohms aver 
age resistance thereby demonstrating that humidity 
exposure had not damaged the flashing sensitivity. A 
second board was tested for electrical resistance after 
the 14-day humidity exposure by impressing the 30 volt 
DC voltage across the switches after the switches 
had been conditioned with a high voltage pulse at the 
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level experienced during actual circuitboard opera 
tion. Four switches on this board were found to ex 
hibit greater than 108 ohm electrical resistance, but the 
remaining two switches were found to only have 60 
megohm kiloohm and 300 megohm kiloohm resis 

tance values which are considered too low. The second 
board was then subjected to a high woltage pulse at the level 
experienced during actual circuit board operation, An 
oscilloscope trace indicated that four of the switches "broke 
down" in that an appreciable portion of the pulse was 
transmitted through these switches. This is another unde 
sirable attribute since the transmitted portion of the pulse 
could cause double flashing wherein two lamps flash simul 
taneously. Two of the switches which broke down still had 
a resistance of greater than 108 ohms after pulsing but the 
resistances of the other two broken down switches (i.e., the 
two switches having resistances of 60 kiloohn and 300 
kiloohn before pulsing) were reduced even further to 3.3 
kiloohm and 60 kiloohn, respectively. The final board 
was subjected to a third week of humidity exposure as 
hereinbefore described and the switch elements subse 
quently flashed with all six switches converting to ele 
mental silver having an average 1.9 ohm resistance 
value. 

In summary, it can be said of the foregoing electrical 
tests that a switch material composition which does not 
contain the present stabilizer additives can demonstrate 
adequate flashing sensitivity and convertibility after 
14-day humidity exposure but fails to maintain the 
high initial electrical resistance that two switches made 
from this material did not maintain the desired high initial 
electrical resistance and that these two switches and two 
additional switches transmitted a portion of a high level 
voltage pulse. 

EXAMPLE 2 

A radiation curable ink was prepared by blending 
together about 2 parts of the silver coated glass beads of 
Example 1 with one part of an organic resin binder 
consisting of 70 parts of the acrylated epoxidized soy 
bean oil and 30 parts of ethylhexyl acrylate with 2 parts 
of the photosensitizer of Example 1. Prior to mixing, the 
volume of the glass coated silver beads was approxi 
mately 2 times the volume of the organic resin binder. 
The radiation curable ink was applied onto a polysty 

rene substrate in accordance with the procedure of 
Example 1 and thereafter cured under ultraviolet light. 
The specific resistivity of the cured conductive coating 
was found to be 0.015 ohms-cm. 

Following the switch testing procedure in the forego 
ing example, test printed circuit boards were con 
structed according to the present invention by deposit 
ing a switch material composition consisting of 4.5 
grams silver carbonate, 0.5 grams silver oxide, 0.01 
grams benzotriazole, 0.1 grams of the same surfactant, 
and 0.17 grams of the same ethylhydroxyethyl cellulose 
binder. upon. Upon removal of the mixed solvents 
employed in preparing said liquid dispersion, the initial 
electrical resistance of the switch elements was mea 
sured and found to average 8x1012 ohms which is a 
higher electrical resistance, surprisingly, than was ob 
tained without the present stabilizer additives. Upon 
testing four circuitboards circuit boards fabricated 
with this material composition in the same manner de 
scribed in the previous example it was found that all 
switches performed in an improved manner. One board 
survived the 14-day humidity exposure by demonstrat 
ing flashing sensitivity wherein all switches converted 
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12 
to an average 2.4 ohms electrical resistance and all 
switches of a second board demonstrated an electrical 
resistance greater than 108 ohms when measured before 
a high-voltage pulse had been impressed across the 
switches. All switches of a third board still exhibited 
greater than 108 ohm resistance value after the high 
voltage pulsing. The final board also survived a third 
week of humidity exposure in better fashion by main 
taining an electrical resistance before conversion 
greater than 108 ohms. 

EXAMPLE 3 

A radiation curable ink is prepared by forming a 
blend of 2 parts of the silver coated glass beads of Ex 
ample 1 and one part of an epoxy resin binder. The 
epoxy resin binder consists of about 15 parts of vinylcy 
clohexene dioxide and 85 parts of (3,4-epoxycyclohex 
yl)-methyl-3,4-epoxycyclohexanecarboxylate. In addi 
tion, there is also used in the organic resin binder, 2 
parts of triphenyl sulfoniumhexafluoroarsenate as a 
photosensitizer. Prior to mixing, it is found that the 
volume of the silver beads is approximately 2 times the 
volume of the binder resin. 
The above described radiation curable ink is screened 

to a thickness of 5 mil onto a polyethylene terephthilate 
film substrate to the same pattern as shown in FIG. 3. It 
is subjected to ultra-violet radiation as described in 
Example 1 and it cures within 2 minutes. The cured 
conductive strip is found to have a volume resistivity of 
about 0.05 ohm-cm. 

Still different preferred switch material compositions 
contain varying proportions of a non-ionic type surfac 
tant in order to desirably reduce the initial electrical 
resistance of the switching elements. More particularly, 
it has been found that up to 4 weight percent non-ionic 
surfactant in the mixture can reduce the initial electrical 
resistance without thereafter adversely affecting its 
performance as a switching element. The material com 
positions listed in tabular form below otherwise corre 
spond to the formulation disclosed in preceding Exam 
ple II except for a 0.005 gram substitution of the benzo 
triazole constituent and variation in weight of the same 
surfactant previously employed. 

INITIAL 
GRAMS SURFACTANT ELECTRICAL RESISTANCE 

O 6 x 10 ohms 
0.027 2 x 10 ohms 
0.05 10 x 10' ohms 
0.086 11 x 10 ohms 
0.2 10 x 10 ohms 
0.33 10 x 10 ohms 
0,150 9 x 108 ohms 
0.180 7 x 10 ohms 

The above variation is in surfactant content illus 
trates that electrical resistance can be regulated signifi 
cantly in this manner. 

Useful non-ionic surfactants based on the weight of 
the organic binder in the present switch material com 
position include polyoxyethylenes, ethoxylated alkyl 
phenols, ethoxylated aliphatic alcohol, carboxylic es 
ters, carbosylic carboxylic block copolymers, etc. 

It will be apparent from the foregoing description 
that various modifications may be made in the above 
representative embodiments without departing from the 
true spirit and scope of the present invention. For exam 
ple, it is not essential that the switch element be depos 
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ited directly on a printed circuitboard circuit board 
or operated only in conjunction with a planar flashlamp 
array which can illuminate only in a single direction. 

In addition, although the advantages of making the 
circuit boards of the present invention in accordance 
with the method of the present invention are clearly 
evident from the foregoing description, it should be 
evident that other cure techniques such as the one based 
on organic solvent evaporation can be employed in 
certain instants if cure time and air pollution are not 
significant considerations. 

In addition, although ambient cure temperatures pro 
vide effective results in the practice of the method of 
the invention a cure temperature of up to about 60' C. 
is preferred. 

It has also been found that the circuit boards made in 
the practice of the inventions as shown by FIGS. 1-3 
can be subjected to a Tropical Humidity Test requiring 
exposure for 14 days at a temperature of 120' F. and a 
RH of 96% without any substantial change in either 
conductivity or switch performance occuring occur 
ring. 
What we claim as new and desire to secure by Letters 

Patent of the United States is: 
1. A circuit board suitable for activating high voltage 

flash lamps consisting of a nonconductive substrate 
having patterned electrically conductive circuitry on its 
surface at a thickness of up to about 5 mils with a spe 
cific resistivity of less than 10 ohm-cm, where said pat 
terned electrically conductive circuitry is comprised of 
an organic resin matrix and a particulated electrically 
conductive metal containing material, and which elec 
trically conductive circuit suffers less than a 2% weight 
loss based on the weight of electrically conductive cir 
cuitry when baked for 60 minutes at a temperature of 
70 C., where said particulated electrically conductive 
metal containing material is substantially free of metal 
containing material having an aspect ratio of diameter 
to thickness of a value greater than 20. 

2. A circuit board in accordance with claim 1, 
where the non-conductive substrate is a flexible sub 
strate. 

3. A circuit board in accordance with claim 2 which 
is capable of being flexed at least five times to produce 
an arc having up to a 1 high displacement without sub 
stantially changing its specific resistivity. 

4. A circuit board in accordance with claim 1, where 
the cured blend comprises a reactive product of styrene 
and polyester as the organic resin matrix and silver 
coated glass beads as the particulated electrically con 
ductive metal containing material. 

5. A circuit board for a planar flush away in accor 
dance with claim 1, consisting of circuit runs electri 
cally connected to at least one lamp connection area 
and switching circuitry adjacent said lamp connection 
area to provide for the sequential flashing of at least two 
high voltage flashbulbs. 

6. A circuit board in accordance with claim 1, 
where the particulated electrically conductive metal 
containing material contains up to 15% by weight of 
silver flake. 

7. A circuit board which is capable of providing se 
quential firing of individual high voltage flash lamps in 
a multiple photo flash array consisting of 
A. a flexible non-conductive substrate 
B. patterned electrically conductive circuitry on the 

flexible non-conductive substrate having a specific 
resistivity of less than 10 ohm-cm and 
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14 
C. a plurality of radiation switches on the flexible 

non-conductive substrate, 
where the patterened electrically conductive circuitry 
is patterned on the flexible non-conductive substrate to 
provide spaced apart electrical circuit board leads and 
circuit element connecting means to effect sequential 
firing of high voltage flash lamps and the plurality of 
radiation switches is patterned as a mass of material 
adjacent to said circuit element connecting means to 
receive radiant energy from firing said lamps, where the 
patterned electrically conductive circuitry is comprised 
of an organic resin matrix and a particulated electrically 
conductive metal containing material and is capable of 
suffering less than 2% weight loss when baked for 60 
minutes at a temperature of 70 C., and where said elec 
trically conductive metal containing material is substan 
tially free of metal containing material having an aspect 
ratio of diameter to thickness of a value greater than 20. 

8. A circuit board in accordance with claim 7, 
which can be repeatedly flexed to an arc displacement 
of about 1 inch without exhibiting a substantial change 
in specific resistivity. 

9. A circuit board in accordance with claim 7, 
where the radiation switch comprises a tack-free blend 
of an organic polymer binder and a mixture of silver 
oxide and silver carbonate and up to 2% by weight 
based on the weight based on the weight of the mixture 
of benzotriazole. 

10. A circuit board which is capable of providing 
sequential firing of individual high voltage flash lamps 
in a multiple photo flash array consisting of 
A. a polystyrene substrate 
B. patterned electrically conductive circuitry on the 

polystyrene substrate having a specific resistivity 
of less than 10 ohms-cm, and 

C. a plurality of radiation switches on, the polysty 
rene substrate where the patterned electrically 
conductive circuitry is patterned on the polysty 
rene substrate to provide spaced apart electrical 
circuit board leads to both ends and circuit element 
connecting means to effect the sequential firing a 
high voltage flash lamp and the plurality of radia 
tion switches is patterned as a mass of material 
adjacent to said circuit element connecting means 
to receive radiant energy from the firing of said 
flash lamps, where the patterned electrically con 
ductive circuitry is comprised of an organic resin 
matrix in the form of a reaction product of a poly 
ester and styrene and silver coated glass beads and 
is cured sufficiently so as to suffer less than 22% 
2% weight loss when baked for 60 minutes at 70' 
C., and the plurality of radiation switches is a mix 
ture of silver oxide and silver carbonate in a matrix 
of hydroxyethyl cellulose. 
11. A circuit board in accordance with claim 10, 

which is capable of substantially maintaining such spe 
cific resistivity after being subjected to a tropical hu 
midity test for two weeks at 120' F. and of a relative 
humidity of 96%. 

12. A circuit board for activating high woltage flash 
lamps, said circuit board including a non-conductive, ther 
noplastic substrate having a patterned electrically conduc 
tive coating on one of its surfaces and defining electrical 
circuitry for the flash lamps, said coating having a resistiv 
ity of less than 10 ohm-cm and comprising an organic 
resin matrix which has been cured into a non-tacky 
condition by ultraviolet radiation, said coating further 
comprising a particulated electrically conductive mate 
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rial selected from the group consisting of a particulated 
electrically conductive metal and a particulated electri 
cally conductive metal containing material, including 
mixtures thereof, with no more than up to about 15% by 
weight of said particulated electrically conductive ma 
terial having an aspect ratio of diameter to thickness of 
a value greater than 20. 

13. A circuit board as defined in claim 12 in which at 
least 85% by weight of said particulated electrically con 
ductive material is constituted by silver-coated glass spheres 
and in which up to about 15% by weight of said particu 
lated electrically conductive material is constituted by 
silver flakes having an aspect ratio of diameter to thickness 
of a value greater than 20 

16 
14. A circuit board for activating high woltage flash 

lamps, said circuit board including a non-conductive, ther 
moplastic substrate having a patterned electrically conduc 
tive coating on one of its surfaces and defining electrical 
circuitry for the flash lamps, said coating having a resistiv 
ity of less than 10 ohn-cm and comprising an organic resin 
matrix which has been cured into a non-tacky condition by 
ultraviolet radiation, at least about 40% and not more 
than about 90% by weight of said coating being formed by 

10 particles bound together by said matrix and having electri 
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cally conductive outer surfaces which shield the transmis 
sion of ultra violet radiation through the particles, and at 
least about 85% by weight of said particles being silver 
coated glass spheres having a diameter of between 10 and 
50 microns. 

t 


