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This invention relates to electroluminescent cells or 
lamps, that is to devices in which an electroluminescent 
phosphor is excited by an electric ?eld to emit light, and 
is particularly concerned with a construction for improv* 
ing the resistance to water depreciation. 
An electroluminescent cell generally comprises a layer 

of phosphor capable of generating light under the action 
of an electric ?eld, sandwiched between a pair of conduct 
ing layers at least one of which is transparent or at least 
light-transmitting. One form of electroluminescent lamp 
now well-known is described and claimed in Patent 
2,945,976, Fridrich and Dell, Electroluminescent Lamp 
and Manufacture Thereof, assigned to the same assignee 
as the present invention. That lamp comprises a ?exible 
laminated assembly of electrically active layers encased 
in a thin envelope of thermoplastic material evacuated 
and heat-sealed around the edges. The electrically active 
elements comprise an aluminum foil coated with a layer 
of high dielectric constant material which in turn is over 
coated with a layer of electroluminescent phosphor and 
?nally overlaid with a transparent conducting sheet such 
as a sheet of conducting ?bers. The aluminum foil and 
the conducting paper form the electrodes of the lamp to 
which an alternating potential is applied and light is emit 
ted through the glass paper and plastic envelope. 
The known electroluminescent phosphors are extremely 

sensitive to water vapor and depreciate and darken rapidly 
in its presence. For this reason, practical forms of elec 
troluminescent lamps include some means for sealing or 
encapsulating the phosphor in order to exclude moisture. 
However even the most impermeable of the known plastic 
sheet or ?lm materials are not su?iciently impermeable 
to exclude water vapor completely over the life of an 
electroluminescent lamp. It has been observed for in 
stance that even where the thermoplastic encapsulating 
envelope of a laminated electroluminescent lamp consists 
of high density polyethylene, or of yet more water im 
ermeable polychlorotri?uoroethylene (KEL-F), deterior 

ation of the lamps gradually sets in after several hundred 
hours of operation in a maximum humidity environment. 
Of course the advent of such deterioration may be further 
delayed by resorting to the use of thicker sheets for the 
encapsulating envelope but this is not economically at 
tractive. 
The object of the invention is to provide a construc 

tion for improving the resistance to water depreciation, 
and therefore the life and maintenance, of electrolumines 
cent lamps encapsulated in materials which are not totally 
impervious to water vapor. 
A more speci?c object of the invention is to provide an 

arrangement for improving the resistance to water de 
preciation of plastic encapsulated electroluminescent lamps 
wherein the electrically active layers are encased in a thin 
envelope of thermoplastic material which is evacuated and 
heat-sealed around the edges. 

In accordance with the invention, I have discovered 
that for the purpose of preventing the deleterious effect 
of moisture penetration into an electroluminescent lamp, 
it is much more eifective to use an outer sheet of highly 
impermeable plastic material and to back it up with an 
inner sheet or lining of another plastic material having 
an af?nity for water or a disposition to retain water, that 
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2. 
is, a hydrophilic sheet, than merely to increase the thick— 
ness of the highly impermeable sheet. The hydrophilic 
sheet additionally should have the property of cementing 
or adhering to the outer sheet and should ?ll up the pores 
in the ?brous conducting sheet when the components are 
laminated together. For example, polychlorotri?uoro 
ethylene is one of the most Water-impermeable plastic 
materials and is suitable for the outer encapsulating sheet. 
Rather than increasing the thickness of the outer encap 
sulating sheet, I have found it preferable to back it up 
with a hydrophilic sheet or layer, and the combination 
of sheets is much more effective than an equivalent thick 
ness of the relatively highly impermeable polychlorotri 
?uoroethylene used alone. 
The preferred material for the hydrophilic sheet is a 

polymer of caprolactam, that is, the polyamide commonly 
known as nylon 6. With this particular material, another 
surprising e?ect or bene?t which has been observed, over 
and above the improved resistance to water depreciation, 
is an increase in brightness where the nylon sheet is placed 
next to a layer of conductive glass ?bers forming the 
transparent electrically conductive electrode of the lamp. 
For further objects and advantages and for a detailed 

description of a preferred lamp construction embodying 
the invention, attention is now directed to the following 
description and accompanying drawing. The features 
of the invention believed to be novel will be more par 
ticularly pointed out in the appended claims. 

In the drawing: 
FIG. 1 is a pictorial View of a ?exible laminated elec 

troluminescent lamp embodying the invention. 
FIG. 2 is a graph illustrating the improvements in 

resistance to Water depreciation realized by the invention. 
Referring to FIG. 1, there is shown an electrolumines 

cent lamp 1 having one corner delaminated or peeled 
open to show the constituent layers and the internal con 
struction. The thickness of the layers has been exag 
gerated for the sake of illustration. The lamp or cell 
is flat and rectangular and is made up of ?exible com 
ponents laminated together and entirely sealed in plastic 
material of relatively high impermeability. The lamp is 
energized by applying an alternating voltage, for instance 
118 volts-60 cycle A.C., to the copper screen terminals 2, 
3 projecting laterally from the edge of the plastic en 
velope. The underside and the topside of the lamp en 
velope, consisting of sheets 4, 5 of plastic material which 
?ows under heat and pressure, are welded or heat-sealed 
together along the margins. Suitable thermoplastic ma 
terials of relatively high impermeability to moisture con 
sists of high density polyethylene ?lm, or polychlorotri 
?uoroethylene ?lm. Polytetra?uoroethylene may be used 
with a suitable cement. Polychlorotri?uoroethylene is 
preferred for optimum stability and impermeability to 
moisture; it is manufactured by Minnesota Mining and 
Manufacturing Company and sold under the designation 
KEL-F; a suitable ?lm thickness is .005 inch. Inasmuch 
as the underside sheet 4 is backed up by a metal foil 6 
which is itself water impermeable, it need not have the 
same high degree of water impermeability as the topside 
sheet 5. 
The electrically active elements comprise a rectangular 

sheet of metal foil 6, for instance full-soft annealed 
aluminum of .0025 inch thickness, coated with an insu 
lating layer 7 (indicated by cross-lining) of high dielec 
tric constant material, the latter overcoated with a light 
producing layer 8 (indicated by speckling) of electro 
luminescent phosphor. Foil 6 is placed over the lower 
most plastic sheet 4 leaving a clear margin all around. 
Insulating layer '7 may consist of barium titanate dis 
persed in an organic polymeric matrix of high dielectric 
constant such as cyanoethyl cellulose plasticized with cy 
anoethyl phthalate according to Patent 2,951,865, Ja?’e 
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et al., High Dielectric Constant Fluids and Plasticizers. 
Electroluminescent layer 8 may consist of any known 
electroluminescent phosphors such as zinc sul?de-zinc 
oxide with suitable activators such as copper, chlorine 
and manganese likewise dispersed in an organic polymeric 
matrix such as that used in connection with the insulat 
ing layer 7. A ?brous conducting sheet 9 is laid over the 
coated foil leaving a narrow margin thereof uncovered 
all around. Fibrous sheet 9 may consist of commercially 
available micro?ber glass paper made conducting by dip 
ping in a solution of indium basic tri?uoroacetate in an 
organic solvent and baking at an elevated temperature 
according to Patent 2,849,339, Iaffe, Indium Basic Tri 
?uoroacetate and Method of Coating Vitreous Bodies 
Therewith. 

According to the preferred construction described in 
the aforementioned Fridrich and Dell patent, a thin 
sheet of low-density polyethylene was placed over the 
conducting glass paper 9 and conveniently was made of 
the same size as the outer encapsulating sheet 4, 5. During 
the heat-pressure laminating process for assembling the 
cell components, this low-density polyethylene sheet be 
came substantially liqui?ed and the glass paper sheet be~ 
came partly embedded in it and also cemented by it to 
the phosphor layer 8 on the aluminum foil. We have now 
found that much improved results in respect of resistance 
to water depreciation may be achieved by using, instead 
of such low-density polyethylene sheet, a sheet 10 of hy 
drophilic plastic material, that is a material having an 
a?inity for water or a disposition to retain water. The 
most suitable materials which we have found for this pur 
pose are polyamide condensation polymers, for instance 
nylon 6 or nylon 6,6. Nylon 6 is the polyamide con 
densation product of caprolactam; nylon 6,6 is the poly 
amide condensation product of hexamethylenediamine 
and adipic acid. Other polyamides of a similar hydro 
philic nature are likewise suitable. Nylon 6 is preferred 
and may be purchased in sheet form from B. V. Ludlow 
Papers Inc. of Needham, Massachusetts under the designa 
tion “Caplene,” and is available in thicknesses from .002" 
to .010". The thickness affects lamp life, as the thicker 
the ?lm, the longer the time for which the onset of water 
depreciation is delayed. In making electroluminescent 
lamps for ordinary applications, I prefer to use a nylon 
?lm thickness of .005". The lamp constituents, and in 
particular the hydrophilic nylon layer, are dried out prior 
to encapsulation. Oven baking at 100° C. for one hour is 
used for nylon 6 of .005" thickness. 
The electroluminescent cell is energized by applying 

an alternating potential between the conductive layers, 
that is between aluminum foil 6 and conductive glass 
paper 9. The projecting copper screens 2, 3 provide con 
venient terminals for so doing and they are connected 
respectively to copper ribbons 12, 13. The former, which 
may be relatively short, is laid under the aluminum foil 
6 between the foil and the lower encapsulating plastic 
sheet 4. The latter is longer and extends over the length 
of the conducting glass paper 9, that is between the glass 
paper sheet 9 and the nylon sheet 10. During the lami 
nating process, the copper ribbons become embedded in 
the thermoplastic sheets and are at the same time pressed 
against the aluminum foil or the conductive glass paper 
as the case may be. The ends of the copper ribbons and 
the copper screens 2, 3 likewise become embedded in the 
thermoplastic encapsulating sheets and are pressed in 
mutual contact and circuit continuity thereby achieved. 
When the cell or lamp is lit, the phosphor is energized 

and lights up to the margin 9' of the conductive glass 
paper. The hand between the margin of the conductive 
glass paper at 9' and the coated aluminum foil from 9' 
to 6' is not illuminated and is opaque. The margin of 
the thermoplastic envelope projecting beyond the edge 
6’ of the aluminum foil does not light up but is trans 
parent or at least translucent. 
To laminate the various cell components together, the 
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stacked components or la '-up may be placed between 
press platens separated by a conformable diaphragm, 
suitably of aluminum foil. Compressed fluid is admitted 
over the diaphragm to exert hydrostatic pressure on the 
cell lay-up, vacuum is applied under the diaphragm to 
remove any trapped gases or moisture, and heat is sup 
plied by suitable means to the lay-up in order to cause 
the plastic encapsulating sheets to soften and seal to 
gether at their margins. For more details of a suitable 
encapsulating technique, reference may be made to the 
aforementioned Fridrich and Dell patent. 

It is believed that the water retentive plastic layer 10 
operates somewhat as a desiccant or getter wherein water 
molecules diifusing through the encapsulating layer of 
polychlorotri?uoroethylene are captured or retained. It 
has been proposed before now to provide a desiccant 
such as silica gel within a sealed electroluminescent lamp. 
These proposals have generally involved constructing the 
lamp as a hollow structure with an empty space left there 
in which is partially ?lled by a conventional desiccant 
such as silica gel. Evidently such an arrangement is not 
practical for a laminated electroluminescent lamp of the 
kind under consideration here utilizing a plastic encapsu 
lating envelope which is evacuated and which has all its 
component layers pressed and adhering together. At 
tempts to make use of an ordinary desiccant according 7 
to prior teachings have not until now resulted in a com 
mercially acceptable structure. 

Other plastic materials which exhibit the desired prop 
erties for a hydrophilic sheet are cellulose acetate and 
cellulose acetate butyrate. Films of polyvinyl alcohol, 
polyvinyl pyrrolidone and copolymers af maleic anhy 
dride have also been used. 
That the hydrophilic plastic layer of the instant lamp 

operates in a special manner appears to be con?rmed by 
the manner in which life has been observed to vary with 
thickness of the layer. In FIG. 2, curves 15, 16 and 17 
show the percentage of brightness as a function of hours 
of life in lamps according to the invention operated at 
100% relative humidity, for thicknesses of polycaprolac 
tam or nylon 6 of .002”, .004” and .006”, respectively. 
Dotted line curve 18 shows typical dry depreciation, that 
is, under operation in 0% relative humidity. The ordi 
nates are plotted on a reciprocal scale. It will be ob 
served that the knee or break-off points A, B, C, rep 
resentative of progressively greater thicknesses of the 
nylon 6 layer occurs at progressively greater time in 
tervals from the origin. Prior to the occurrence of the 
knee, in each case the rate of depreciation is low and 
practically identical with the dry rate; likewise in each 
case beyond the knee, the rate of depreciation increases 
rapidly. It thus appears that the water retentive plastic 
layer is substantially completely effective in preventing 
water from passing through and deleteriously affecting 
the phosphor layer until such time as a given saturation 
has occurred; thereafter water passes through at a rate 
determined by the outer encapsulating plastic sheet of 
polytrifluoromonochloroethylene in conjunction with the 
external atmospheric conditions of relative humidity. 
Nylon is preferred for yet another reason. It has been 

observed that with the use of a water retentive layer of 
nylon 6, an increase in brightness of approximately 20% 
occurs by comparison with otherwise identical electro 
luminescent cells utilizing the, low density polyethylene 
sheet of the aforementioned Fridrich and Dell patent. 
The reason for the higher brightness with the nylon layer 
is not perfectly understood but it appears to be due to 
slight conductivity of the nylon supplementing that of the 
conductive glass paper layer. It is possible that the nylon 
layer serves as a conducting bridge between imperfectly 
conductively coated or fractured ?bers of the glass ?ber 
layer and thereby improves the uniformity or intensity 
of the electric ?eld applied across the phosphor layer. 
Superior light transmittance and match of the refractive 
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index to that of the ?brous conductive glass layer may 
also be factors. 
The preferred embodiment of the invention which has 

been illustrated and described herein in detail is intended 
as illustrative and not in order to limit the invention 
thereto. The scope of the invention is to be determined 
by the appended claims. 
What We claim as new and desire to secure by Letters 

Patent of the United States is: 
l. A laminated evacuated electroluminescent lamp as 

sembly comprising an outer envelope of plastic sheets of 
which at least the front sheet has a relatively high imper 
meability to water vapor and is light-transmitting, said 
outer platsic sheets being sealed together around their 
marginal edges and enclosing an electrically active assem 
bly including from rear to front a conducting metal layer 
coated with an electroluminescent phosphor, a sheet of 
conductive light-transmitting material over said phosphor 
layer, and a sheet of hydrophilic plastic material over 
said conductive light-transmitting sheet and in contact 
with said front sheet of highly impermeable plastic 
whereby the combination of said front sheet of highly 
impermeable plastic backed up by said sheet of hydro 
philic material serves to delay substantially the onset of 
water depreciation in said lamp. 

2. A laminated evacuated electroluminescent lamp as 
sembly comprising an outer envelope of light-transmitting 
thermoplastic sheets of relatively high water imperme— 
ability, said thermoplastic sheets being sealed together 
around their marginal edges and enclosing and over 
reaching at their marginal edges an electrically active as 
sembly including a conducting foil coated with an in 
sulating layer of high dielectric constant material dis 
persed in a plastic matrix and over-coated with an elec 
troluminescent phosphor layer dispersed in a plastic 
matrix, a sheet of conductive ?bers over said phosphor 
layers, and a sheet of hydrophilic plastic material over 
said ?ber sheet, said hydrophilic plastic material pene 
trating said ?ber sheet and adhering to both said phosphor 
layer and the outer thermoplastic sheet. 

3. A laminated evacuated electroluminescent lamp as 
sembly comprising an outer envelope of plastic sheets 
of which at least the front sheet has a relatively high im 
permeability to Water vapor and is light-transmitting, 
said outer plastic sheets being sealed together around 
their marginal edges and enclosing and over-reaching at 
their marginal edges an electrically active assembly in 
cluding from rear to front a conducting metal layer coat 
ed with an electroluminescent phosphor, a sheet of con 
ductive light-transmitting material over said phosphor 
layer, and a sheet of nylon over said conductive light 
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transmitting sheet and in contact with said front sheet of 
highly impermeable plastic whereby the combination of 
said front sheet of highly impermeable plastic backed 
up by said nylon sheet serves to delay substantially the 
onset of water depreciation in said lamp. 

4. A ?exible laminated evacuated electroluminescent 
lamp assembly comprising in stacked sequence a lower 
most thermoplastic sheet of relatively highly water-im 
permeable material, a metal foil coated on its upper 
face with a layer of high-dielectric constant material em 
bedded in a plastic matrix and overcoated wtih a layer 
of electroluminescent phosphor likewise embedded in a 
plastic matrix, said foil having its edges spaced from the 
edges of the lowermost sheeet, a sheet thereover of con 
ductively coated ?bers leaving an uncovered margin 
around the edges of the coated foil, a sheet thereover of 
nylon approximately coextensive with the sheet of con 
ductively coated ?bers, and a sheet thereover of thermo 
plastic relatively highly water-impermeable material 
forming an uppermost sheet coextensive with said lower 
most sheet, said lowermost and uppermost sheets being 
fused together along their margins and said sheets of con 
ductively coated ?bers being embedded in and penetrated 
by the nylon sheet, said nlyon sheet adhering to the phos— 
phor layer and to the uppermost thermoplastic sheet. 

5. A ?exible laminated evacuated electroluminescent 
lamp assembly comprising in stacked sequence a lower 
most polychlorotri?uoroethylene sheet, a soft annealed 
aluminum foil coated on its upper face with a layer of 
high-dielectric constant material embedded in a plastic 
matrix and overcoated with a layer of electroluminescent 
phosphor likewise embedded in a plastic matrix, said 
aluminum foil having its edges spaced from the edges of 
the lowermost sheet, a sheet thereover of conductively 
coated glass fibers leaving an uncovered margin around 
the edges of the coated aluminum foil, a sheet thereover 
of nylon 6 approximately coextensive with the aluminum 
foil, and thereover an uppermost sheet of polychlorotri 
?uoroethylene coextensive with said lowermost sheet, 
said lowermost and uppermost sheets being fused togeth 
er along their margins and said ?brous glass sheet being 
embedded in and penetrated by the sheet of nylon 6, said 
sheet of nylon 6 adhering to the phosphor layer and to 
the uppermost polychlorotri?uoroethylene sheet. 
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