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[57] ABSTRACT ’ 

A plurality of liquid drop generators produce adjacent 
streams of discrete drops toward a moving web. The. 
drops are binarily and selectively charged by charging 
electrodes located along the path of each drop. Un 
charged drops follow their initial trajectory directly 
into catchers instead of depositing on the web. Charged 

' drops are de?ected by a ?rst de?ection ?eld which is 
cyclically varied .in discrete steps in a lateral direction, 
transversely of the web, to several scanned trajectories 
within a lateral plane, and are then de?ected again by 
a second de?ection ?eld in adirection along the path 
of web travel, thereby causing them to miss the'catch 
ers and deposit on the moving web. In one embodiment 
a scanning control correlates the lateral de?ection sig 
nals, drop generation, and the movement of the web to 
control the lateral and longitudinal location of individ 
ual deposited drops to form an image or pattern on the . 
web. In another embodiment the web moves intermit 
tently, and during the stationary periods the second de 
?ection ?eld is cyclically varied in discrete steps, corre 
lated to the stepping of the ?rst ?eld, whereby charged 
drops from each generator can reach appropriate loca 
tions within a sub-matrix'of the complete image area._ 

1 Claim, 5 Drawing Figures 

' '28 20 

I 

e o ‘ " 3.2:] 

0 e '30 

34 as 

L l l l 3 
Y 
4.0 

10.. 



Patented June 12, 1973 3,739,395 

FIG-1 42 ‘ . ‘ 56 

SIGNAL 
SOURCE , COUNTER 

33 

52 

54 

FIG-3 {2° 26 28 2° 

’ INVENTOR 

KENNETH 0. KING 

40a ' l\‘MNI - BY ' 

‘~“Y 
lOa 50a 50b ATTORNEYS 



3,739,395 
. " l - 

LEQITID DROP PRINTING OR COATING SYSTEM 

BACKGROUND OF THE INVENTION 
In ‘drop printing or- coating apparatus such as dis 

closed in U.S. Pats. No. 3,373,437 and No. 3,560,641, 
a plurality of drop generators are provided in a mani— 
fold or head forming an array extending laterally over 
a receiving surface and expel drops of ink ‘or other liq 
uid toward the surface. The system is stimulated at a 
common predetermined frequency so all generators 

- form drops of uniform size at a uniform rate, in a fixed 
phase relationship with the stimulating source. 

In such devices, the drops travel toward the receiving 
surface and are selectively charged in binary fashion 
‘according ‘to‘intelligence signals from a computer, 
video input, recording tape, etc. The drops to be ex 
cluded or caught are electrostatically charged and then 
pass'through a constant electrostatic de?ection ?eld 
which de?ects them from their initial trajectory into 
catchers, while uncharged drops are deposited, since 
they'are unaffected by the de?ection ?eld and follow 
their initial trajectory ontojthe receiving surface. > i 

In printing or coating systems using one or more ar 
rays of drop generators, and in said U.S. Pat. No. 
3,560,641,‘ in orderto achieve full coverage of the 
image area with small drops, it has been proposed to 
provide a substantial number of arrays of drop genera. 
tors arranged in a staggered fashion such that they 
“track”-between each'other. The drop control in such 
arrangements is binary (on-off) but nevertheless the 
‘construction is complex both from the mechanical and 
electrical ‘standpoint! If one ‘drop generator could be 
arranged to accomplish the function of several, then 
considerable simpli?cation can be achieved. 

In U.S. Pat. No. 3,298,030, a bank of drop generators 
. are'provided, as in' FIG. 3 thereof, with the drops at 
each generator charged to different charge levels de 
pending upon the de?ection and displacement desired 
for deposit of drops from the same generator at differ 
ent locations. Yet a different charge level is employed 
to deflect those drops which are not to deposit at all, 
into a catcher. All drops de?ections, for location con 
trol or rejection, are generally along the same line,‘ and 
result from different‘charge levels achieved through 
changing the voltage level on the same charging elec 
trode. . ,. _ ‘ . 

ln U.S.‘ Pat. No. 3,370,297, it is suggested that a sec 
ond de?ection field" (magnetic) can be applied trans 
versely ‘to the ?rst or normal'constant de?ection field. 
The purpose of this second de?ection ?eld is to direct 
all charged drops,‘ regardless of the magnitude of their 
charge, into a‘catcher apparatus, when there is no web 
or receivingsurface available for the normal printing of 
a vairiable trace from the drop generator. This second 
ary re?ection will change according to the variable 
charge on any individual drops, and hence the catcher 
is constructed as a‘ rather wide element, and the entire 
arrangement is merely for the purpose of avoiding the 
deposition of drops 
or paper in place. v , 

S‘UMMARYVOF THE INVENTION 
The present invention is directed to an improved 

drop printing or coating system and a novel drop means 
for use therewith. In general, the control 'means dis 
closed herein charges and de?ects only those drops to 

when there is no receiving surface 
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be deposited on the printing surface, while uncharged 
drops are caught and thus prevented from depositing. 
The charged drops are de?ected, in two orthogonal di 
rections, causing them to miss the catchers and be de 
posited on predetermined locations on the printing sur 
face. All charged drops receive an electrostatic charge 
of the same quantity, thus the system for selecting those 
drops to be deposited is truly binary and readily oper 
ated from a digital information input. 

In accordance with preferred embodiments of the in? 
vention, the system includes a plurality of drop genera 
tors each having a charging electrode, a first set of de 
?ection electrodes creating a de?ection ?eld extending 
transversely to the direction of travel of the receiving 
member and positioned below the electrode used vto 
charge the drops binarily. These de?ection electrodes 
are supplied with a common stepped cyclically varying 
scanning signal which is synchronizedwith drop stimu 
lation, and the ?eld is thus operative to de?ect charged , 
drops in a lateral direction across the surface through 
one of several trajectories. 
The drop control means of the present invention also 

includes second pairs of de?ection plates which prefer 
ably are positioned below the ?rst de?ection plates and 
establish a ‘de?ection ?eld in a second direction across 

‘ the path of the already de?ected chargeddrops. vThis 
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field operates to deflect the drops in.a longitudinal di 
rection to cause them to pass the catchers and deposit 
on the printing or receiving surface according to their 
lateral position, as determined by the ?rst field. 

in one embodiment, control circuits correlate the 
transverse scanning signals (which determine a coordi~ 
nate position in the lateral direction) with the move 
ment of the drop receiving surface and timing of drop 
formation (which determines a coordinate position in 
the longitudinal direction). This transforms input infor 
mation (which controls only the charging of drops) into 
an image or characters on the printing surface. in this 
embodiment the de?ection produced by the second de 
?ection plates is constant, and is independent of the 
scanning or information controls. It merely changes the 

- trajectories of charged drops from the trajectory estab~ 
‘ lished by the ?rst (variable) de?ection ?eld. ‘ 
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In another embodiment of the’ invention, the second 
deflection electrodes are also subjected to a common 
stepped cyclically varying scanning signal, correlated 
to the scanning signal applied to the first sets of elec 
trodes and to drop timing, for producing different de 
?ections of charged drops in the longitudinal direction. 
Thus charged drops can be deposited in any of a num 
ber of matrix or coordinate positions established for 
each drop generator by the scanning signals. The re 
ceiving‘ surface can move continuously, at a slower 
speed than in the first embodiment, or it can be moved 
in increments. Thus when each of the ‘generators pro-_ 
duces enough drops to fill a complete matrix, then line 
spacing can occur. Each generator can produce alpha 
numeric characters within one matrix scan, thus high ' 

I speed printing is readily achieved, as well as other 
graphic‘ displays or designsQ ' 

'In either embodiment the second electrodes, produc 
ing a ?eld for longitudinal drop displacement, can be 
common to all drop generators, since the field pro 
duced is either constant, in the ?rst embodiment, or si 
multaneously cycled for all generators in the second 
embodiment. 
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BRIEF DESCRIPTION OF THE DRAWING 
FIG. 1 is a schematic perspective view of a plurality 

of arrays of drop generating units disposed laterally 
across a moving web therebelow; 
FIG. 2 is a detailed section view taken through one 

array shown in FIG. 1 and showing a typical drop gen 
erating unit therein; . 
FIG. 3 is a view taken along line 3—3 in FIG. 2; 
FIG. 4 is a view similar to FIG. 2, showing another 

form of the invention; and 
FIG. Sis a substantially enlarged illustration of a sub 

matrix'covered by one drop generator. 

DETAILED DESCRIPTION OF THE PREFERRED 
’ EMBODIMENTS 

Referring to FIG. 1, a receiving member such as a 
web of paper 10 is supplied from a roll 11 over a sup 
port table 12 through driving pinch rolls 13 and onto 
a take-up roll 14. The pinch rolls 13 are continuously 
driven by a motor 15. 
One or more arrays 18, each comprising a plurality 

' of individual drop generators 20 (FIGS. 2 and 3) are 
positioned over the table 12 in parallel relation, and 
each generator is adapted to expel a stream of liquid 
which is broken into individual drops. In the case of a 

I printing operation, the liquid is ink supplied to each 
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drop generating unit 20 from a pressurized reservoir or ' 
tank 21. Other liquids may be used for coating, mark 
ing, etc. The ink is delivered from the tank 21 through 
an ‘output conduit 22 and a ?lter 23 through a manifold 
24 to each of the arrays 18. A supersonic vibrator 25 
or the like is connected between the source tank 21 and 
the manifold 24 (or connected directly to the arrays) 
to impose a common high frequency vibration on the 

' ink supplied to all of the arrays 18. 
Each of the arrays 18 is provided with a cross passage 

over an orifice plate 26 for receiving a supply of the 
stimulated and pressurized ink. The ink is forced 
through a plurality of small ori?ces 28 (FIG. 2) to form 
a plurality of ?ne streams. The stimulation provided by 

4 the vibrator 25 causes all the expelled ink streams to 
separate into uniformly sized and spaced apart drops 
27, directed on parallel trajectories toward the moving 
web 10. 4 I 

Within the arrays each drop generating unit 20 has a 
vertical passa'ge30 which is aligned with a correspond 
ing orifice 28 and with the trajectory of the expelled 
drops. A corresponding charge ring 32 is spaced below 
each ori?ce 28 at the point of drop separation from the 
liquid ?lament extending from the ori?ce, and applies 
an electrostatic charge selectively to any individual 
drop in response to unique binary (on-off) charge sig 
nals applied to each charge ring from an information 
control means, which is described hereafter. 

In accordance with the present invention, the un 
charged drops are prevented from depositing on the 
moving web, while the selectively charged drops are 
de?ected in two orthogonal directions before deposit 

- ing on the moving web. In one preferred embodiment, 
each drop generating unit 20 has a ?rst set of de?ection 
electrodes 34 which are supported in parallel relation 
in the array 18, downstream of the charge ring 32, on 
opposite sides of the drop trajectory. The de?ection 
electrodes 34 extend in the direction of web travel, and 
the ?eld created between them, as shown in FIG. 3, will 
de?ect charged drops in the transverse or X direction 
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4 
across the web. Each array 18 is also provided with a ' 
second set of de?ection electrodes 36 in parallel rela 
tion and spaced below the electrodes 34, and extending 
laterally across the full width of each array 20. As 
shown in FIG. 3, the passages 30 are preferably en 
larged in the lateral direction at a point 38 immediately 
below the ?rst‘de?ection electrodes 34, and in the re 
gion of the second electrodes 36. The ?eld created be 
tween the secondelectrodes 36 is generally longitudi 
nal of the web, or in the Y direction. ' 
The charge rings 32 charge only those drops which 

are to be deposited on the web 10. The selectively un 
charged drops, for example drop 27' (FIG. 2), follow 
parallel straight line trajectories through the passages 
30 and into suitable catchers 40 positioned between the 
web 10 and the corresponding array 18. Each charged 
drop, on the other hand, is de?ected in two directions 
by the fields from the first and second pairs of de?ec 
tion electrodes, and one de?ection (by the primary 
pair) causes the charged drops to miss the catcher 40 
by de?ecting them out. of the plane defined by their 
original parallel trajectories. 

In the embodiment shown in FIGS. 2 and 3 a scan 
generator 42 is connected through a line 43 to the ?rst 
de?ection electrodes 34 and creates a common cycli 
cally varying scanning de?ection ?eld in the X direc 
tion across the paths of all of the drops. The output of 
vthe scan generator 42 is a signal having a stepped or 
staircase waveform. As shown by the radiating lines in 
FIG. 3 a deflected drop may take one of several trajec 

vtories on either side of its original path and within a 
plane parallel to the catcher. The de?ecting ?eld cre 

' ated by the plates 34 thus scans the drops laterally but 
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does not affect their descending directly into the catch 
ers 40. _ 

The second de?ection plates 36 de?ect the selec 
tively charged drops in a second or longitudinal (Y) di 
‘-rection which takes them past the edge of the catcher. 
A charged drop, for example drop 27 (FIG. 2), is 
thereby caused to miss the catcher 40 and deposit on 
the moving web 10 in accordance with the lateral de 
flection effected by the ?rst de?ection plates 34. In 
preferred practice, a constant potential is applied from 
source 44 through line 45 to the second de?ection 
plates 36 and this creates a constant de?ection ?eld in 
the Y direction across the paths of the charged drops 

' which have already been de?ected in the X direction, 
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and de?ects them onto the moving web 10. 
Referring to FIG. 1, a master system control 50 pref 

erably includes an electronic computer, together with 
buffers and memory. It receives input data identifying 
the pattern, text, image or the like to be reproduced 
and generates the binary charge signals. The electric 
cable 33 then distributes these signals to each of the 
‘charge rings 32 through output ampli?ers 52and lines 
54. The outputs from the control system 50 need only 
turn on or off the potential applied to the charging elec 
trodes to control which drops will be de?ected. This 
also controls which drops will in fact be deposited be 
cause the de?ection field in the Y direction is constant 
and merely causes charged drops to pass the catchers 
40. Hence, if an individual drop is not charged it will 
be caught regardless of the de?ection ?elds established 
by either of the de?ection plates. 
The control system 50 also correlates the scanning 

signals produced by the scan generator 42, the stimu 
lating source 25, and the movement of the web in order 
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to coordinate'placement of the drops on the moving 
web. Suitable drive controls 56 control the speed of 
web movement, and the control system 50 actuates 
these drive controls along with the stimulator 25 which 
determines the drop formation timing (frequency and 
phasing), and with the scanning de?ection signals cre 
ated by the scan generator 42. Since the de?ection 
caused by the field between electrodes 36 is constant, 
the Y coordinate position of individual drops is deter 
mined by the constant movement of the web 10. 
The control system 50 accordingly establishes a pre 

determined coordinate position for each drop to be de 
posited on the web. The drops from each generator, if 
successively charged, will de?ect to adjacent trajecto 
ries as they pass through the stepwise increased X 
de?ection ?eld. Then they will de?ect again to avoid 
the catcher, by the action of the constant or Y 

. de?ection ?eld, and the movement of the web will de 
termine theirposition in this longitudinal direction of 

' the image area. The speed of the web is adjusted 
whereby transverse lines of deposited drops are succes 
sively laid down in longitudinally adjacent rows. 
With reference to FIG. 4, another embodiment of the 

invention incorporates sub-matrix de?ection in both 
the X and Y coordinate directions from the first and 
second de?ection ?elds. The basic arrangement for 
each drop generator is the same, hence where appro 
priate the same reference ‘numerals have been used 
with the suf?x a. Again, only those drops to be depos 
ited on the receiving surface are charged. Charged 
drops pass through a secondary de?ection field created 
by the electrodes 34a, where they are subjected to a 
stepwise increasing de?ection potential from the scan 
generator 42a. For purposes of illustration, a 5 X 5 
sub-matrix is shown, and in FIG. 5 drops deposited in 
such a sub-matrix are shown forming the character M. 
The sub-matrix arrangement is applicable to either em 
bodiment, but it best illustrates the embodiment of 
FIG. 4. ‘ ' 

Instead of the constant de?ection potential applied to 
v the primary electrodes, these electrodes 36a are con 
nected to a further scan generator 44a, which operates 
at a sub-‘harmonic frequency of the generator 42a. The 
wave forms shown‘ within the blocks in FIG. 4 illustrate 
the principle involved. For each five steps‘ in the output. 
of the generator 42a, there is a potential ofa given’ level 
at the output of the generator ‘44a, then for the next 
five stepped outputs of the generator 42a, the’output of 
generator 44a increases to the next level of potential. 

Thus,'if it is desired to fill the entire sub-matrix with 
drop deposits, all 25 successively generated drops 
would be charged, each to the same charge level, and 
as the successive charged drops pass through the vary- , 
ing field created by the electrodes 34a, the first five 
drops will be de?ected into ?ve adjacent trajectories, 
the same as shown‘ in FIG. 3. These five drops will each 
pass through the lowest order of de?ection ?eld cre 
ated by the electrodes 36a, thus following the ?rst de 
?ected trajectory 50a in the Y direction to avoid the 
catcher 40a and deposit on the web 10a. The second 
group of ?ve charged drops‘ will be de?ected in the 
same manner in the Y direction, but the intensity of the 
de?ection ?elds created by the electrodes 36a is now 
increased by one additional step, and these ?ve drops 

. 6 
follow the ‘trajectory identi?ed as 50b. The process 18 
repeated an appropriate number of times in order to 

‘ de?ect the charged drops in both the X and Y direc 
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6 
tions to cover all possible positions of the sub-matrix. 

In this embodiment, the web or receiving member 
100 can be moved at a speed substantially slower than 
the Y de?ection frequency, such that the movement of 
the web will have no appreciable effect upon position 
ing of drops in the Y direction. If such slower constant 
speed is employed, then the web drive again is con 
trolled ata predetermined constant speed from the 
control system. It is also possible to move the web 10a 
in a stepwise direction, whereby the drop generators 
each cover their appropriate sub-matrices, and the web 
or sheet is advanced before an additional line of sub 
matrices is scanned. During this time no drops would 
be charged, and they would in turn project into the 
catchers. It would be apparent to those skilled in the art 
that such an arrangement is readily adaptable for use 
as a line printer or the like, with the charge information 
for individual characters .or symbols being stored in a 
memory of the computer incorporated in the control 
system, according to the particular sub-matrix chosen. 
Stepwise movement of the web or receiving member 
10a can readily be accomplished through the use of 
stepping motors, or digitally controlled servo systems, 
if accuracy of line spacing is a desirable feature. 

In the arrangement shown and described in connec 
tion with FIG. 4, it may be necessary to employ just a 
single array of drop generators in order to cover the 
sub-matrix positions desired across the image area on 
the web or otherreceiving member. In either embodi 
ment, it will be appreciated that the control over which 
drops are to deposit is a digital binary control, requiring 
only the charging (or non-charging) of the individual 
.drops. The stepwise variation of the de?ection field or 
fields is under the control of a common scanning gener 
ator, thus the de?ection of drops in each of the drop 
generators can readily be kept in phase and in the same 
order of magnitude. This is an advantage over systems 
where the charge level of individual drops must be var 
ied in order to produce appropriate different de?ec 
tions, since the control arrangementsirivolved here are 
much simpler. Since the scanning de?ection potentials 
are the same for all corresponding sets of electrodes, 
the circuits involved are- less complex, easier'to con 
struct, and easier to maintain. Both of the above de 
scribed arrangements, show the drops falling- first 
through a cyclically varying transverse electrical ?eld 
and thence through a longitudinal catch-avoidance 
?eld. It is readily apparent that this sequence could be 
reversed. 
While the methods herein described, and the forms 

> of apparatus for carrying these methods into ‘effect, 
constitute preferred embodiments of the invention, it is 
to be understood that the invention is not limited to 
these precise methods and forms of apparatus, and that 
changes may be made in either without departing from 
the scope of the invention which is defined in the ap 
pended claims. ' 

What is claimed is: 
1. A system for controlling the deposit of liquid drops 

on a receiving member comprising: 
means for producing a series of parallel liquid fila 
ments arranged within a common plane, 

stimulating means for breaking said filaments up into 
streams of uniformly sized and regularly spaced 
drops travelling along parallel initial trajectories, 
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charging means arranged to apply an electrostatic 
charge of the same magnitude to selected drops 
within each of said streams, 

a series of pairs of first de?ection electrodes for pro 
ducing along each of said streams a de?ection ?eld 
which will divert charged drops into laterally de 
?ected trajectories while permitting uncharged 
drops to continue along their initial trajectories, 

a common catcher arranged to catch all drops travel 
ling within the plane of said initial trajectories, 

a common pair of second electrodes located down~ 
stream from said pairs of ?rst de?ection electrodes 
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8 
and arranged for longitudinally de?ecting said 
charged drops out of said plane to avoid the 
catcher and deposit on said receiving member, 

means connected commonly to each of said pairs of 
first de?ection electrodes for providing a cyclically 
varying de?ection ?eld therebetween, and 

means for moving said receiving member in timed re 
lation with said cyclical variation such that said 
charged drops are deposited in predetermined ma 
trix locations upon said receiving member. 

* * * * * 


