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[57] ABSTRACT 
A novel silk screen, a novel process of making it, and 
a novel use in the technology of heating flat bodies 
such as automobile and factory windows. The new 
screen is characterized by slits of differential width, 
depth, or both which permit the deposit of lines of dif 
ferential section. This has a special signi?cance when 
the lines are composed of electrical conductors of re 
sistance type of which the resistivity of a part is deter 
mined by its section. The process involves a method of 
making the new type of silk screen which is extremely 
?exible and permits the construction of screens, the 
slits of which are differential as to width and differen 
tial as to thickness. The process has been achieved by 
a novel process which relies upon basic techniques al 
ready known to the silk screen art, such as the making 
of emulsions of proper conductivity for heating lines, 
the technique of preparing the emulsions, and the 
technique of dissolving those portions which must be 
removed to form the slits constituting the design. The 
invention also involves the novel windows which bear 
designs of differential resitivity producing different 
temperatures in different parts. These advantages are 
particularly important in the automotive field but are 
equally so in factories'where overhead windows'can 
be kept clear to furnish light even during snowy 
weather. Other objects, novelties, and advantages of 
the invention will be apparent after the reading of this 
speci?cation. 

4 Claims, 1 Drawinguli‘igurer 
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ELECTRICALLY HEATED WINDOWS 

This is a division of application Ser. No. 17,182, ?led 
Mar. 6, 1970, now abandoned. 
The invention concerns the manufactureof an elec 

trically heated window carrying on the surface of the 
glass linear resistance bands‘ of metallic composition 
deposited by serigraphy and baked, which preferably 
presents in a certain zone of the ?eld of vision a resis 
tance per unit length higher than exists outside of that 

. 2 

fundamentally distinguished in that -it is provided with 
resistance bands which may be of any chosen design, 
e.g. approximately parallel, and which are usually less 
than 0.8 mm. and preferably about 0.6 mm. in width, 
and of which the conductivity is essentially due to a 
layer of metallic ink deposited in a single impression. 
According to a development of the invention, at least 

- some of these bands present several zones of different 

zone, inorder to establish a principal ?eld of vision ' 
with higher heating. , , 

Among the types of known screens the direct photo 
graphic screen has shown such advantages that it is 
used practically exclusively today. In order to produce 
that screen a photosensitive ?lm is deposited on a ?ne 

' tissue. The design which is to be reproduced is then 
projected onto this ?lm by exposure to light through a 
photographic transparency of full size that is placed in 
direct contact with the photosensitive ‘layer. Luminous 
rays of short wave length expose the photosensitive 
layer with the exception of the masked parts, from _ 
which the emulsion is later removed with hot water to 
form the stencil. Heated windows of this type are used 
particularly in automobiles, to which they give good 
visibility by preventing the formation of condensate or 
ice, or by melting icewhich has formed. _ 
The resistance bands themselves should be suffi 

ciently thin not to obstruct visibility. As a general rule 
they are. about 0.4 mm. in width. In order for the heat 
ing network to be effective it should dissipate a power 
of about 4 ‘watts per one hundredjper square centime 
ters. Being given the voltages habitually available in au 
tomobiles this requires that a certain minimum of con 
ductivity must be imparted to the strips, that is to say 
a minimum per section. Heretofore it has not been pos 
sible to produce adequate sections by depositing the 
conductive strips through a silk screen because it was 
not feasible to increase the thickness of the strips while 
maintaining minimum width, as'explained hereinabove, 
and because the silk screen technique did not permit 
the application of a layer of metallic ink ‘of sufficient 
thickness withkthe necessary precision. This dif?culty 
has been somewhat reduced by reinforcing the conduc 
tive strips by electroplating. Electrically heated win 
dows of that type have been used as the rear windows 
of automobiles, e.g. as described in French Pat. No. 
1,464,585, the increase of heat within the principal 
field of vision having been obtained by thickening the 
resistance strips, exterior to the principal ?eld, by elec 
troplating, which simultaneously produces the differen 
tial conductivity desired. That process goes in several 
steps, ?rst depositing a conductive ink including silver 
particles and vitreous frit on the glass; secondly baking 
it; thirdly, electroplating it in a double operation by de 
positing a conductive layer of copper, and covering it 
with a protective layer of nickel which improves the ap 
pearance but plays a secondary role as to conductibil 
ity. , v 

A principal object of the present invention is to pro 
duce a heated window of this kind by eliminating the 
electrodeposited copper, which reduces the cost of 
manufacture. The elimination of the electrodeposited 
conductive layer also permits the elimination of the 
protective layer of nickel, although the use of the latter 

heating effect ‘between which the unitary difference of 
electrical resistance is obtained by establishing differ 
ence in section of the heating stripes. ‘ 
The invention has, therefore, as another object a silk 

screen photographic process which accomplishes the 
deposition of resistance strips of chosen, differing sec 
tion in a single operation, producing the desired con 
ductibilities by the sole use of printed lines. This result 
is preferably achieved by the successive deposition of 
several photosensitive layers one upon the other, the 
later being deposited‘ after drying the earlier. Thus one 
makes the photographic screen as thick as required, so 
as to confer an increased depth upon the ‘grooves corre 
sponding to the heating grid. This permits the deposi 

' tion of the conductive paste to a thickness adequate to 
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achieve the heating effect desired in a particular loca 
ti0n.,ln general the thickness of each layer deposited to 
build up thickness should not exceed 50 pm. 

In one, mode the hardening by exposure to light 
through the transparency is carried out in one exposure 
after obtaining the selected total thickness of the ?lm. 
This mode of execution is appropriate to the produc 
tion of a photosensitive layer composed of a small num 
ber of superimposed strata; but if the total thickness ex 

' ceeds a certain value, the absorption of light‘ rays at the 
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may be continued when advantageous. A heated win- . 
dow of the type described in this invention is therefore 

surface of the layer prevents the deeper layers from 1' 
hardening properly. If it is desired to still further in 
crease the total thickness of thelayer, it is possible, ac 
cording to another mode of the invention, to so operate 
that after depositing‘and drying a ?rst layer composed 
of one or more strata and exposing this layer through 
the transparency, after washing and drying, a second 
analogous layer is deposited ,and exposed through the 
same transparency, taking vcare to superimpose the 
contours exactly, and so on layer by layer until one has 
achieved ‘the desired thickness of v?lm. _ 
The screens produced by the process of the invention 

are particularly useful in the one-stroke manufacture of 
heated windows which have zones between which the 
resistance of the conductive lines per unit length varies, 
enabling the maker to manufacture windows of larger 
sizes than was heretofore practical because the larger 
part of the heating power is dissipated in particular ' 
zones, for instance that of the primary ?elds of vision. 
For this purpose the regions outside the principal fields . 
of vision are coverednvvith a photosensitive layer of in 
creased thickness during manufacture sothat the thick 
ness of the metallic paste is increasedin the corre 
sponding regions of the windows. During the manufac 
ture of these screens the slits may be constructed with 
a width, inside the principal ?eld of vision, which is 
smaller than their width outside the ?eld. _ 
The screens of the invention are constructed so that 

the slits provided for the passage of ink have a section 
proportional to the local conductibility desired in that 
portion of the window to which it is applied varying 
from zone to zone as desired. 
The invention provides several methods of producing 

a photographic image having the desired properties ' 
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from transparency, sometimes called a model, having 
7 lines of constant width throughout its length, a con 
struction which is highly desirable if one is to achieve 
without excessive dif?culty the exactitude which is so 
necessary to a satisfactory result. 
According to the. first mode'of the invention one pro- ' 

du'c'es av photographic screen having slits of identical 
width but different depth.’ In this mode it is the thick 
ness of thephotosensitive layer deposited upon the tis‘ 
‘sue which differs, ‘being greater in the-end regions than 
vin the central portion which constitutes the main ?eld 

~._of vision. When the ink is applied to the window 
through the'stencil, slits in the screen, the lines have a 
‘thickness corresponding to the contiguous portions of 
the slits. The processmay thus be carried out in a single 
step, the, sensitive emulsion being laid upon the tissue 
as a stratum or as strata of different thickness. The 
thickness thus provided can be increased only within 
rather strict limits so that the flexibility of this mode is 
not the greatest. ‘ v 

.i To vary vthe thickness of the sensitive layer within 
larger limits, it is within the contemplation of the inven 
tion to deposit several strata one after the other, each 
time after having-dried the preceding strata. In this 
method of making the screen the thickness of the sensi 
tive layer can be increased at will but, because of the 
absorption of light in the upper thickness, too great a 
thickness'will not harden at the bottompTo avoid this 
dif?culty one deposits several photosensitive layers one 
upon another but with exposure to light between de 
posits, developing them in turn. During the exposure of 
each successive layer the transparency should be re 
turned to its'plac'ev on the screen with precision so as to 
conform exactly to the pattern. The process can then 
be'repeated ‘until the screen has received the desired 
thickness. ‘ , I i 

To produce an image having bands of variable width, 
another mode is used according to the invention in 
which a transparency is employed which has opaque 
‘lines of constant width but, to reduce the width of the 
lines in the principal ?eld during the ?xation of the sen 
sitive'layer, the lines in ~the principal ?eld are either ex 
posed'loing'er to the light or are exposed to more intense 
light; The operation ‘of this process appea'rsto derive 
from the fac‘t'that as the‘ exposure is increased a larger 
quantity of light diffuses along theedges of the lines 
masked'by the transparency, which allows the harden 
ing of the photosensitive layer even into the edges of 
the masked areas. By selecting the quantity of exposure 
it is possible to change the degree to which the lights 
are progressively reduced in size within their given lim 
its. If it is desired to produce a greater reduction of size 
of the lines than can beobtained by a variation of the 
quantity of exposure, one may, within the scope of the 
‘invention, interpose a transparent, thin interlayer be 
tween the transparency and the sensitive layer during 
the exposure and thus provide that the lines of the 
transparency which interrupt the light are somewhat 
removed from the sensitive. layer so that some of the 
rays of light are diverted into the-masked area. By 
choosing the thickness of the interlayer it is possible to 
impart selected width to the lines in the regions af 
fected at will and with great precision. ‘ 

lt is also to be understood that the several modes dis 
cussed above may be combined one with another, 
which permits greater variation and distribution of re 
sistivity according to a preconceived plan. ’ 

. . 4 . . 

The single FIGURE of the. drawing schematically il 
lustrates, in perspective, without vrespecting propor 
tions, the manufactureof a heated window in accor 

‘ dance with the best mode .of- the invention.‘ 
The model of the heating. grid to beapplied to the 

windows is laid ‘out on a transparency'l as an‘opaque 
grid 2 which includes the-two husbands 3 connected 
by thin‘ parallel lines4 of: uniform width. A. frame 5 
holds a nylon taffetav tissue 6 which is provided‘ with a 
?rst photosensitive layer 7 and also,in a zone 8a which 
is outside the principal ?eld of vision, with asecond 
photosensitivelayer 7a. A transparent insert 9 is laid 
upon the screen so as to cover the zone 8b which corre 

‘ sponds to the principal ?eld of vision. The transparency 
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1 is placed upon the insert 9 and the screen is exposed 
to ultraviolet rays and’develop‘ed in the way which has 
been described hereinabove. The grid 2 is thus trans 
ferred to the screen which has the appearance schema 
tized in the FIGURE. The stencil plate is thus made im- ' 
permeable to the metallic ink except in those zones 
which were masked by the grid 2, 3, 4, duringthe expo 
sure to ultraviolet, of which lines 13 correspond to lines 

_ 3 and lines 14 correspond to lines 4. After the exposed 
plate has been washed withhot water it becomes a sten 
cil attached to the silk, and the lines 13 and,l4 appear 
as slits freev of emulsion, shallow in the- median region 
8b, and deeperin theend regions 8a. Because of the 
warping of light by the irise'rt'9. the vintermediate parts 
14b of the slits l4v are thinner than'the parts 14a. The 
screen is now ready‘ for use in applying the conductive 
lines to an automobile windshield 20. The frame 5‘ is 
lowered until the sli'k screen is in accurate position on i 
the surface of the windshield and the slits l3 and 14 are 
completely ?lled with ink by strokes of the doctor 
blade (not shown) which serves to apply the ink to the 
glass through the screen, In “this way the sections of the 
conductive heating lines on the windshield vary from 
one part to another of their length. This produces bus 
bands 23 connected, by parallel heating lines ‘24 of 
which the section i'sxgreater'at the ends 244 than in‘ the 
midportions 24b resulting,.duringvthe flowof current 
‘from the automobile battery, in the development of the 
highest temperature in theiportions24b, a lower tem 
peraturein 24a,v and aleast temperature in the bus 
bands 23, it being observed that'the bus bands are illus 
trated as of greater section than the portions 24a which 
are in turn of greater section than portions 24b of the 
grid. ' t 

This produces the highest temperature in the main 
?eld of vision in the center of the windshield, a median 
temperature toward the ends of the windshield, and a 
least temperature adjacent the bus bands; ‘ 

(EXAMPLE 1 ‘ 
A silk tissue of I ‘120 threads per centimeter -is 

mounted on a frame in the usual way and a photosensi 
tive emulsionof standard type is depositedon it by any 
known technique. For such techniques and such emul-' 
sions, works ‘on the silk screen can be consulted. The 
emulsion is dried. The transparency,carrying lines 0.4 

_ mm..wide_ arranged in the size and pattern desired on 
the face of the window, is laid on the screen. The 
screen is exposed for 2 minutes to uniform illumination 
from an ultraviolet projector of 180 W. situated at a 
distance of 1.2 m. The whole of the surface except the 
principal ?eld of vision is covered with an opaque 
mask. The principal ?eld of vision is re-exposed for 2 
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minutes to the action of light, thereafter the screen is 
treated as customary, for instance removing the lines 
with hot water. " , 

> When this screen is used for :the printing of glass 
sheets, as described above, the resistance lines, in the 
principal ?eld of vision, have a width of approximately 
0.3 mm. and in the remainder of the screen a width of 
0.4 mm. The corresponding value/of the electrical re 
sistance of each conductor is 5 Q/dm. within the princi 
pal ?eld and 4 Q/dmfoutside of it. _ 

EXAMPLE 2 

Preparing a silk screen in the usual way, for instance 
as in Example 1, but placing a transparent sheet having 
a thickness of 0.1 mm. between the photosensitive sur 
face and the transparency, an exposure of 3 minutes, 
and washing in hot water, produces a silk screen which 
has lines 0.3 mm. wide in‘ the principal ?eldand 0.4 
mm. wide outside of it. 1 

EXAMPLE 3 

On the silk tissue of Example l a ?rst photosensitive 
’ emulsion is deposited by the use of a doctor blade’ of 

the usual type. This layer is hardened in the usual way 
and upon it is superimposed a second emulsion, which 
is hardened, and then a third. After hardening and dry 
ing the third stratum, the total thickness of the photo 
sensitive layer is about 100 pm. The transparency has 
a design of which the lines have a width of 0.4 mm. 
after exposure and formation of the slits by_solution in 
hot water/The screen was used to mark'a window, pro 
ducing lines 0.4 mm. wide which, after baking, had a 
thickness of 20 pm. The resistance of these lines, when 
employing a standard composition of‘commerce as de 
scribed in the ?rst part of this application, had a value 
from I to 1.5 O/dm. 

_ EXAMPLE 4 
> A silk screen-is made according to Example 1 but, 
after removal'of- the transparency and development, 
the screen is again coatedwith three successive layers 
of emulsion and then exposed, attention being paid to 
obtaining exact superimposition'of the transparency 
after each layer has been applied. After development 
the screen produced resistance lines, after baking,'hav~ 
ing a thickness of 30 p.m., the resistance of which fell 
to l Q/dm. 

EXAMPLE 5 

A silk screen is made as in Example 1 and after expo 
sure, washing and drying of the ?rst photosensitive 
layer, a second photosensitive emulsion layer is depos 
ited in the region of the principal ?eld of vision only in 
a very thin and uniform layer. In the other regions of 
the screen a considerably thicker stratum is applied. In 
order to carry this out and to produce a layer of equal 
thickness one may employ a footed plate of which the 
feet are on the lower surface and of the dimensions de 
sired in the layer. This permits the production of a layer 
which is precise in its dimensions. After drying that 
stratum the transparency is put in place in exact regis 
ter and exposure takes place. The parts not exposed are 
eliminated by washing and the silk screen is ?nished in 
the usual way and is used to produce resistance bands 
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gions the thickness is 30 um. and the resistance less 
than 1 .Q/dm. 

EXAMPLE 6 

' A silk screen is prepared as in Example 1 and upon 
the ?rst photosensitive layer is deposited a new photo 
sensitive layer of uniform thickness limited to the prin 
cipal ?eld of vision’, and thicker layers in the regions 
outside of it. The second'layer is dried.>After drying, 
the photosensitive emulsion is about 60 pm. thick in 
the principal ?eld and about 100%m. in the secondary 
zones. The transparency is placed upon this screen, the 
design having lines 0.4 mm. wide. Exposure to ultravio 
letlight was as in Example 1 and the design is devel 
oped by washing with hot water. The reproduction of 
thisdesign on glass sheets through this screen produced 
resistance lines which, after baking, had a thickness of 
12 pm. in the principal zone and of 20 um. outside it. 
Their width remained at 0.4 mm., their resistance was 
3.4 Q/dm. in the principal ?eld and 1.5 Q/dm. in the re 
maining parts. ' ~ . 

I EXAMPLE 7' 

A silk screen was made by the process'described in 
Example 6. After exposure, rinsing and drying, a new 
emulsion stratum of equal thickness in the central zone 

~ and thicker in the other zones was deposited/After dry 
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ing‘the same transparency was put in place and after a 
new exposure to light the design in the screen} was 
formed in the usual way and the plate was‘washed and 
dried. This screen deposited conductive bands which, 
after drying, had a thickness of 17 um. and a corre 
sponding resistance of 2.3 ?/dm. in the principal ?eld 
andv of 30 um. and l Q/dm. outside of it. 
This invention involvesv a novel silk screen, a novel 

process of making it, and a novel use in the technology 
of heating flat bodies such as automobile and factory 
windows. The new screen is characterized by slits of 
differential width, depth, or both which permit the de 
positof' lines of differential section. This has a special 
signi?cance when the lines are'composed of electrical 

_ conductors of resistance type of ‘which the resistivity of 
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having a thickness in the principal ?eld of 17 um. and ' 
an electrical resistance vof 2.3 ?/dm, while in the re 

a part is determined by its section. The process involves 
a method of making the new type of silk screen which 
is extremely ?exible and permits the construction of i " 
screens the slits of which are differential as to width 
and differential as to thickness. The process has been 
achieved by a novel process which relies upon basic 
techniques already known to the silkscreen art, such 
as the making of emulsions of proper conductivity for 
heating lines, the technique of preparing the emulsions, 
and the technique of dissolving those portions which 
must be removed toform the slits constituting the de 
sign. The invention also involves the novel windows 
which bear designs of differential resistivity producing 
different temperatures in different parts. These advan~ 
tages are particularly important in the automotive ?eld 
but are equally so in factories where overhead windows 
can be kept clear to furnish light even during snowy 
weather. 
As many apparently widely different embodiments of 

the present invention may be made without departing 
from the spirit and scope thereof, it is to be understood ' 
that the invention is not limited to the speci?c embodi~ 
ments. 
What is claimed is: 



. 7 

1'. A thermal window comprising a smooth-surfaced 
transparent glass sheet, a plurality of opaque electri 
cally conductive resistance ‘lines of hardened metallic 
ink adhered to a surface of said sheet, at least some. of 
said lines being of uniform composition along the 
length thereof and having _ a cross-section which is 
smaller over a common viewing portion of the length 
thereof between their ends than over the end portions 
thereof for increased heating within said viewing por 
tion, said at least some lines extending substantially 
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parallel to each other and having a width and being sep- ‘ 
arated one from the other by a distance so as not to ob 
struct visibility through said glass sheet, and electrically 
conductive resistance lines adhered to said'surface and 
connecting ends of said plurality of lines into a single 

3 
circuit. - _ 

2. A thermal window according to claim 1 wherein 
said at least some resistance lines consist essentially of 
said hardened metallic ink. ' I 

3. A thermal window according to claim 1 wherein at‘ 
the portions of smaller cross-section thereof said ‘at 
least some linesare narrower in dimension parallel to 
the surface of said sheet than at the portions of larger 
cross-section thereof. 

4. A thermal window according to claim Iwherein ‘at 
the portions of smaller cross section thereof said at 
‘least some lines are thinner in dimension perpendicular 

‘ - to the surface of said sheet than at the portions of larger 
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cross-section thereof. 
. * * * * * 


