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3,397,345 
ELECTRODE ASSEMBLY FOR FLUID 

TRANSFER DEVICE 
Robert J. Dunlavey, Palatine, Ill., assignor to Teletype 

Corporation, Skokie, Ill., a corporation of Delaware 
Filed Dec. 2, 1965, Ser. No. 511,084 

2 Claims. (Cl. 317-3) 

ABSTRACT OF THE DISCLOSURE 
An electrode structure is formed by etching a plurality 

of plates of the electrode material to form the desired 
electrode shapes but with the electrodes still connected 
to the outer edges of the plates to form a temporary sup 
port; making electrical strapping connections between 
selected electrodes; stacking the plates; potting with epoxy 
the portions of the electrodes which are to be unexposed; 
and severing the electrodes from the temporary support. 
The completed structure results in electrodes arranged in 
planes perpendicular to the quiescent path of charged 
ink particles passing through the gaps in the electrodes. 

United States Patent No. 3,060,429, granted to C. R. 
Winston on Oct. 23, 1962, discloses an ink-transfer device 
for electrostatically de?ecting ink droplets as they are 
accelerated from a nozzle toward a piece of paper or 
other record medium, in order to form visible images of 
characters on the paper. This de?ection phenomenon is 
similar to that experienced in a cathode-ray tube. In order 
to print across a full page-width of paper, a plurality of 
these ink-transfer devices ‘are arranged in a row facing 
the paper. Each device includes a nozzle from which 
droplets of ink issue, a valving electrode for turning the 
?ow of ink on and off, a pair of vertical de?ection elec 
trodes, and a pair of horizontal de?ection electrodes. 
Electrical potentials are applied to the nozzle and to these 
several electrodes to control the ?ow of ink and to control 
the direction of travel of the stream of ink droplets in 
order to cause the stream of ink to trace the desired 
character on the paper. In arranging a plurality of these 
devices across the width of a page, the con?gurations and 
supporting structures of the several electrodes of each 
ink-transfer device are of small size and are insulated to 
withstand the electrical potentials which are applied to 
these electrodes in order to control the charged droplets 
of ink. 

Therefore, it is an object of the present invention to 
form small, accurately shaped, insulated electrodes. 

It is another object of the present invention to form 
an assembly of accurately shaped, interconnected, elec— 
trode structures partly surrounded by insulating material. 

According to the preferred embodiment of the inven 
tion ‘as applied to the manufacture of de?ection and 
valving electrodes for ink-transfer devices, a metallic 
workpiece having locating indicia thereon for accurate 
positioning is coated with an etch-resistant material in 
the shape of the desired electrodes with the edges of the 
workpiece also protected to provide a peripheral frame 
work for supporting the electrodes. The workpiece is 
etched to separate the conductors of the electrodes from 
one another but not from the framework. After making 
the necessary interconnections between the electrodes, 
the area of interconnections is ?lled with a casting epoxy 
to impart structural rigidity and insulation to the elec 
trodes and interconnections. Accurately-formed holes 
and gaps are then punched in the valving electrodes 
and between the pairs of de?ection electrodes. Three 
groups of electrodes are thus formed in separate sub 
assemblies and are molded together to form a single 
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electrode package. The peripheral framework that had 
been used to support the electrodes is removed since this 
support of the electrodes is no longer necessary once the 
molding material has solidi?ed. The electrode package is 
then mounted on the ink-transfer printing device in front 
of the nozzles from which the ink droplets issue. 
A more complete understanding of the invention may 

be had from the following detailed description when con 
sidered in conjunction with the accompanying drawings 
wherein: 

FIGS. 1, 2, and 3 when arranged as shown in FIG. 4, 
comprise a ?ow diagram of the production process by 
which an assembly of partly-exposed and partly-insulated 
electrodes is made; 

FIG. 5 is a cross-section of one of the electrode sub 
assemblies at an intermediate point in the process taken 
along line 5—5 of FIG. 3; 
FIGS. 6, 7 and 8 are enlarged views of the three dif 

ferent electrode shapes as they appear at a point late in 
the production process; 

FIG. 9 is a greatly enlarged view of all three electrode 
shapes in their ?nal, assembled positions; and 

FIG. 10 is an enlarged cross-section of the ?nal assem 
bly taken along line 10-10 of FIG. 3 and that is greatly 
enlarged in the horizontal direction. 

Referring now to the drawings wherein like reference 
numbers designate the same parts throughout the several 
process steps and views and referring more particularly 
to the left side of FIG. 1, there are shown ?ve workpieces 
cut to the proper size to begin the process of manufacture 
of the complete electrode assembly. The bottom work 
piece 20 is a single sheet of berryllium-copper alloy 
approximately 0.10" thick that is to be made into a num 
ber of valving electrodes of the ink-transfer device dis 
closed in the above-mentioned patent to C. R. Winston. 
Two other workpieces 21 and 22 are identical with the 
bottom workpiece 20 and are to be made into a like num 
ber of sets of horizontal de?ection electrodes and vertical 
de?ection electrodes, respectively, for the ink-transfer 
device. The two smaller workpieces 23 and 24 are copper 
clad, epoxy-glass laminates, approximately .010" thick, 
which are to be made into printed strapping wiring to 
form the necessary electrical interconnections between 
the individual horizontal and vertical de?ection elec 
trodes. The printed strapping wiring to be formed on 
these workpieces 23 and 24 is formed by prior-art, 
printed-wiring techniques. 

In the ?rst operation-—shown as step ‘Sit-of the pro 
duction process, two locating holes 31 and 32 are formed 
in each beryllium-copper workpiece 20, 21 ‘and 22. These 
locating holes are used to properly align the workpieces 
with ?xtures during production and with each other in 
the ?nal stages of assembly. Locating holes 33 and 34 
are similarly punched in the strapping workpieces 23 and 
24 along with several wiring holes 35 for‘ making con 
nections through the insulating substrates of workpieces 
23 and 24. 

After the locating and wiring holes 31, 32, 33, 34 and 
35 have been punched in all of the workpieces, the 
valving-electrode workpiece 20 and the two strapping 
wiring workpieces 23 and 24 are coated in step 40‘ with 
an etch-resistant material or resist in a silk-screen print 
ing process. The areas of metal which are to ‘be removed 
are not coated with resist but are left bare for removal 
in an etching process, and the areas to be retained are 
covered with resist. The silk-screen printing ?xture is 
accurately located on each workpiece by means of the 
locating holes 31, 32, 33, and 34 which were punched 
in the workpiece in step 30. The resist pattern is there 
fore accurately located with respect to these locating 
holes to provide a proper registry of electrode and strap 
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wiring locations when the ?nished electrodes are assem 
bled. 

Since the horizontal and vertical de?ection electrodes 
form a more intricate pattern than is customarily made 
by the silk-screen process, workpieces 21 and 22 are 
coated with an emulsion of photosensitive, etch-resistant 
material or photoresist. The photoresist-coated de?ection 
electrode workpieces 21 and 22 are covered with masks 
that are accurately positioned on each workpiece by 
means of locating holes 31 and 32 and carry opaque 
images of the horizontal and vertical electrode sets and 
an opaque border on a transparent base. The masked 
workpieces are then subjected to illumination to expose 
the areas of the photoresist coating of each workpiece 
that are not covered by an opaque image. After the 
masks have been removed from workpieces 20‘ and 21, 
the photoresist material is developed to remove the emul 
sion in the exposed areas of the workpieces. 
The valving electrode workpiece 20‘ and the horizontal 

and vertical de?ection-electrode workpieces 21 and 22 
all carry a resist pattern that includes a wide border 
around the edges of the pattern. The resist patterns in 
the shape of the electrodes are connected to these borders 
to provide the electrodes with a mechanical support 
after they have been shaped in the etching process. Since 
the resist coating of each of these three larger work 
pieces 20, 21 and 22 does not coat the inside of the 
locating holes 31 and 32, these holes are covered with 
a simple masking tape 41 to prevent the etching process 
from enlarging and thus destroying the holes. The strap 
ping workpieces 23 and 24 are made from a base of glass 
cloth and epoxy which is resistant to most etching re 
agents; therefore, locating holes 33 and 34 are not taped. 
All ?ve workpieces are etched in step 50 to remove all 
metal that is unprotected by resist or masking tape. 

After the etching process has been completed, the 
tape and resist coatings are removed from all of the 
workpieces to leave bare all of those areas of metal that 
were not etched. 
The electrodes formed in the horizontal electrode 

workpiece 21 and the vertical electrode workpiece 22 
contain curvatures that outline two openings 81 and 82 
in the center of each electrode set. These openings ac 
commodate the locating holes 33 and 34 in strapping 
workpieces 23 and 24 which are to be assembled to the 
horizontal and vertical de?ection electrode workpieces 
21 and 22 in production step 90. Locating holes 31 and 
32 and locating holes 33 and 34 are used to locate the 
strapping conductors 91 on strapping workpieces 23 and 
24 with respect to their proper electrodes 92 on the 
horizontal and vertical de?ection electrode workpieces 
21 and 22 as shown in a cut-away portion of the in 
sulating substrate of workpiece 23. Electrical connections 
are then soldered between the horizontal de?ection work 
piece 21 and its strapping connection workpiece 23 
through wiring holes 35 to form a horizontal de?ection 
electrode assembly. Similarly, the cross connections be 
tween vertical de?ection workpiece 22 and its strapping 
workpiece 24 are soldered together to form a vertical 
de?ection electrode assembly. 

Excess solder is removed from the assemblies 21 and 
22 and the cross connections are potted with an epoxy 
casting material in step 100. The epoxy casting material 
101 and 102 is molded into only the central area of the 
assemblies 21 and 22 to cover and thus insulate the cross 
connections between strapping workpieces 23 and 24 
and workpieces 21 and 22 and the solder beads 103 
(FIG. 5) from soldering. The locating holes 33 and 34 
are not ?lled with epoxy but are kept open to form 
mounting holes for the ?nal electrode assembly. 

In production step 100, accurately placed holes are 
punched in each valving electrode and accurately placed 
slots are punched between each pair of de?ection elec 
trodes. 
A typical valving electrode 111 is shown enlarged in 
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FIG. 6 with a hole 112 punched in the center of the 
electrode 111. Hole 112 is accurately positioned in the 
center of electrode 111 by locating holes 31 and 32. 
The top 114 of the valving electrode 111 is shown con 
nected to the upper border 113 of the workpiece 20 to 
properly support the valving electrode 111 in this inter 
mediate stage of manufacture. A pair of vertical de?ec 
tion electrodes 115 and 116 is shown in FIG. 7 emerging 
from the epoxy potting material 102. A slot 117 is 
punched ‘in step 100, separating the electrodes 115 and 
116 which are originally made in one piece as shown in 
step 50. A connection 119 holds electrode 116' to the 
upper border 118 of the vertical de?ection electrode 
workpiece 22. The horizontal de?ection electrodes 121 
and 122 are shown in FIG. 8 emerging from potting 
epoxy 101 and are connected at their upper ends 125 to 
upper border 123 of horizontal electrode workpiece 21. 
A gap 124 is punched in step 100‘ between them to ac 
curately separate them. 

After all three electrode sets 20, 21 and 22 have been 
punched, they are placed together in a transfer mold and 
properly positioned by their locating holes 31 and 32. 
The mold is ?lled with a phenolic molding material to 
form the ?nal assembly 131 (FIG. 3). Final assembly 
131 is then removed from the mold and the borders 113, 
118 and 123 are removed by electrical discharge ma 
chining since there support of the electrodes is no longer 
necessary once the phenolic molding material has been 
hardened in place to hold the electrodes together. The 
?nal electrode package 140 is then ready to be assembled 
in front of a plurality of nozzles like the one shown in 
the above-mentioned patent to C. R. Winston. 

In a speci?c embodiment of an assembly of electrodes 
made in accordance with the method herein described, 
there are eight valving electrodes and a corresponding 
number of horizontal and vertical de?ection electrode 
sets. These make up into a unit of convenient size, from 
the standpoint of fabrication, and ten units may be 
mounted in a row to provide eighty printing positions 
for an eighty-character line across a page. 
FIG. 9 shows a single electrode set with the valving 

electrode 111 in the rear, the vertical de?ection electrodes 
115 and 116 immediately in front of the valving elec 
trode, and with the horizontal de?ection electrodes 121 
and 122 immediately in front of the vertical de?ection 
electrodes. The locating holes 31 and 32 assure that the 
valving electrode hole 112 is located so that its center 
is in the middle of the vertical de?ection gap 117 and 
also in the middle of the horizontal de?ection gap 124. 

.FIG. 10 shows how this electrode assembly is posi 
tioned directly in front of a nozzle 141 of the above 
mentioned Winston patent from which electrostatically 
charged droplets of ink issuewhen the valving electrode 
111 is maintained at a predetermined electrostatic poten 
tial with respect to the nozzle 141. This electrostatic po 
tential ?eld applies an attracting force to the charged ink 
and extracts droplets of it from the nozzle and ac 
celerates these ink droplets toward the valving electrode 
111. The charged ink droplets thus accelerated, pass 
through the valving hole 112 without touching the valv 
ing electrode 111. If the potential difference between the 
valving eelctrode 111 and the nozzle 141 is lowered signif 
icantly, the attracting force of this electrostatic ?eld does 
not extract ink from the nozzle and the ink ?ow ceases. 

After the ink droplets pass through the valving hole, 
they enter the vertical gap 117. A potential difference can 
be maintained between the vertical de?ection electrodes 
115 and 116 in order to apply a vertical de?ecting force 
to each charged droplet of ink. This alters the direction 
of travel of the ink in the vertical dimension from a 
quiescent path of travel. The horizontal de?ection elec 
trodes 121 and 122 similarly alter the direction of the 
ink droplets in the horizontal dimension. 

In practice, it is desirable to maintain gaps 117 and 
124 as small as possible in order to maximize the sensi 
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tivity and speed of response of the de?ection system and 
to permit the use of voltages that can easily be con 
trolled. It has been found, however, that if the gaps 117 
and 124 are reduced to a distance that is less than or 
approximately equal to the thickness of the electrode 
plates (.010 inch in the preferred embodiment), the ink 
begins to strike the electrodes, clog the de?ection gaps 
and destroy the pattern being printed. Conventional elec 
trostatic de?ection devices such as cathode-ray tubes use 
de?ection electrodes that lie in planes which are substan 
tially parallel to the quiescent path of travel of the 
charged particles. 

In an ink transfer device of the typed disclosed in the 
above-mentioned Winston patent, this cathode-ray tube 
like con?guration would result in a structure that has 
wide de?ection gaps with low sensitivity and a low speed 
of response. But, by arranging the electrodes in planes 
that are perpendicular to the quiescent path of travel of 
the charged particles, these electrodes can be manufac 
tured in small, inexpensive packages and result in a fast, 
sensitive de?ection system. 
Although a particular embodiment of the invention is 

shown in the drawing and described in the foregoing 
speci?cation it will be understood that the invention is 
not limited to that speci?c embodiment, but is capable 
of modi?cation and rearrangement, and substitution of 
parts and elements without departing from the scope of 
the invention. 
What is claimed is: 
1. In an electrode assembly for a ?uid-transfer device: 
a nozzle with ‘a central axis and from which nozzle 

droplets of the ?uid ?ow in a direction substantially 
along the axis of the nozzle; 

a ?rst electrode plate having planar surfaces and 
mounted with the surfaces in planes perpendicular to 
the axis of the nozzle; 

two second electrode plates, one second electrode plate 
having surfaces that are coplanar with the corre 
sponding surfaces of the other of the two second 
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electrode plates and parallel with the surfaces of 
the ?rst electrode plate, said two second electrode 
plates being spaced apart in at least one direction 
by a distance that is at least as great as the thick 
ness of one of the two second electrode plates, and 
said second electrode plates being spaced away from 
the ?rst electrode plate in the direction of the axis 
of the nozzle; and 

the ?rst and second plates assemled together with a 
‘boby of insulating material separating the first and 
second electrode plates. 

2. An electrode assembly according to claim 1 com 
prising: 

two third electrode plates, one third electrode plate 
having surfaces that are coplanar with the corre 
sponding surfaces of the other of the two third elec 
trode plates and parallel with the surfaces of the ?rst 
and second electrode plates, said two third electrode 
plates being spaced apart in a direction that is sub 
stantially perpendicular to the direction in which the 
two second electrode plates are spaced apart by a 
distance at least equal to the thickness of one of 
the two third electrode plates, and said third electrode 
plates being spaced away from the ?rst and second 
electrode plates in the direction of the axis of the 
nozzle; and 

a second body of insulating material positioned be 
tween the third electrode plate and the ?rst and sec 
ond electrode plates so that all of said electrode 
plates are assembled together. 
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