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[57] ABSTRACT 
A high speed ink jet printing apparatus for printing on 

a record medium moving along a path in a ?rst direc 
tion includes an ink nozzle for generating and project 
ing drops towards said record medium, a charging 
electrode for applying selectively electrostatic charges 
to drops formed at said nozzle in accordance with the 
desired locations of the drops on the record medium 
and an electric ?eld for de?ecting the drops to such 
locations in accordance with the charges thereon; the 
electric ?eld is produced between a pair of spaced 
electrodes wherein an effective electrode portion of 
one of the electrodes is offset in the direction of 
movement of the record medium with respect to an 
effective electrode portion of the other; the resulting 
electric ?eld is curved in the direction of movement of 
the record medium to compensate for aerodynamic 
and coulomb forces acting on the charged ink drops 
which tend to cause lines printed by ink drops de 
?ected in a direction generally perpendicular to the 
direction of movement of the record medium to be 
curved in the opposite direction; drops passing 
through the curved electric ?eld tend to be de?ected 
along the ?eld lines thereof and accelerated toward 
the record medium in the direction of movement 
thereof. 

6 Claims, 6 Drawing Figures 
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CONTROL OF DROP PRINTING 

BACKGROUND OF THE INVENTION 

This invention relates generally to ink jet printing ap 
paratus and more particularly to the de?ection elec 
trode assembly employed therein for de?ecting 
charged drops of ink toward predetermined locations 
on a record medium, and a method for controlling the 
de?ection of such ink drops. 

In an ink jet printing system, drops of ink emitted 
from a nozzle are charged electrostatically in accor 
dance with information corresponding to the desired 
location of the drops to be deposited on a record me 
dium. The drops are thereafter de?ected to such prede 
termined locations on the record medium by means of 
a constant electric ?eld. 
The drops are de?ected in a ?rst direction (normally 

vertically) while the record medium moves past the 
nozzle along a path substantially perpendicular thereto 
(normally horizontally). The electric field is provided 
usually by an electrode assembly including parallel 
spaced electrode plates disposed generally in the direc 
tion of movement of the record medium. 
When it is attempted to print with a system of the 

above described type at high speeds, such as, for exam 
ple, greater than about I20 inches per second, so that 
the record medium is moved past the ink nozzle rap 
idly, drops charged sequentially to produce a line ex 
tending in the ?rst direction on the record medium 
tend to form a slanted line. This slant caused by the in 
creased velocity of the record medium, can be removed 
by rotation of the de?ection electrodes which adds ve 
locity to the drops comprising the line in the direction 
of motion of the paper. 

In addition to the latter, a non-linear time difference 
between drops occurs which causes lines formed in the 
?rst direction on the record medium to be curved. The 
non-linear time difference is produced by aerodynamic 
and coulomb forces acting on the drops in ?ight. This 
produces poor quality printing and becomes a disad 
vantage especially in printing bar codes. The curvature 
of these lines cannot be corrected by rotation of the de 
?ection electrodes. A reshaping of the high voltage 
?eld is required to overcome the curved line effect. 

SUMMARY OF THE INVENTION 

Accordingly, it is a primary object of the present in 
vention to provide in a high speed ink jet printing appa 
ratus, a new and improved de?ection electrode assem 
bly which reshapes the electric de?ection ?eld to mini 
mize any curvature in lines produced with such appara 
tus in a direction substantially perpendicular to the di 
rection of movement of the record medium. 

It is another object of the present invention to pro 
vide a de?ection electrode assembly of the above de 
scribed type which is relatively simple in construction, 
easily fabricated and effective in operation. 

It is still another object of the present invention to 
provide a method for reshaping the electric deflection 
?eld in a high speed ink jet printer apparatus which 
minimizes the curvature in lines produced by the appa 
ratus in a direction substantially perpendicular to the 
direction of movement of the record medium. 

Brie?y, a preferred embodiment of the de?ection 
electrode assembly according to the invention for use 
in a high speed ink jet printer wherein a record medium 
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2 
is moved along a horizontal path and ink drops are de 
?ected vertically, includes upper and lower spaced 
electrodes. The lower ground electrode perferably 
takes the form of a plate extending generally along a 
horizontal plane adjacent the ?ight path of the charged 
ink drops. The upper electrode extends in a second 
horizontal plane on the opposite side of the drop path, 
in the direction of the lower plate electrode. An effec 
tive portion of the upper electrode is positioned at a 
predetermined location, offset in the direction of 
movement of the record medium with respect to an ef 
fective lower electrode portion. An effective portion of 
the upper electrode can be defined by a section of a 
second plate with only that portion positioned prede 
terminedly with respect to an effective portion of the 
lower plate, an edge of a plate or a second plate posi 
tioned at an angle with respect to the lower plate. Other 
suitable electrode con?gurations are possible as well. 
High voltage is applied to the upper electrode. A re 

sulting effective electric ?eld between the effective 
upper and lower electrode portions is curved in the di 
rection of movement of the record medium as it ap 
proaches the upper electrode. The resulting curved 
?eld causes drops passing therethrough to be acceler 
ated non-linearly according to the charge thereon in 
the direction of movement of the record medium so 
that vertical lines created with the printer apparatus are 
straight along the entire lengths thereof. In actuality the 
drops receive from the curved electric ?eld a horizon 
tal component of velocity, non-linearly according to 
the charged state of the drops; i.e. the higher the 
charge, the greater the horizontal component of veloc 
ity applied, which causes them to track the record me 
dium and impart thereon in a substantially straight line. 
The proper curvature of the ?eld is determined in ac 
cordance with the compensation necessary to obtain 
straight vertical lines when considering variables, such 
as record medium velocity, coulomb forces between 
drops, aerodynamic forces on drops, drop spacing, etc. 
Such determination can be made easily by one skilled 
in the art. 

DESCRIPTION OF THE DRAWINGS 

In the drawings 
FIG. 1 is a diagrammatical representation of a high 

speed ink jet printer apparatus wherein a prior art de 
?ection electrode assembly is employed; 

FIG. 2 is a cross-sectional view of the prior art elec 
trode assembly of FIG. 1 taken along the line 2-2; 
FIG. 3 is a pictorial representation of a record me 

dium illustrating a series of curved vertical lines pro 
duced with an ink jet printer apparatus having a de?ec 
tion electrode assembly of the type shown in FIGS. 1 
and 2', 
FIGS. 4 & 5 are diagrammatical representations of 

improved de?ection electrode assemblies according to 
the invention which provide a modi?cation of the elec 
tric de?ection ?eld to minimize the curvature of lines 
printed on a record medium with drops de?ected in a 
direction substantially perpendicular to the direction of 
movement of the record medium; and 
FIG. 6 is a pictorial representation of a record me 

dium illustrating a series of lines printed with a high 
speed ink jet printer with ink drops de?ected in a direc 
tion substantially perpendicular to the direction of 
movement of the record medium, wherein the electric 
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de?ection ?eld has been modi?ed according to the in 
vention. 

DETAILED DESCRIPTION 

Referring now to the drawing in greater detail 
wherein like numerals have been employed throughout 
the various views to designate similar components, 
there is illustrated in FIG. 1 a high-speed ink jet print 
ing system designated generally by the numeral 10. The 
system includes the usual ink nozzle I2 which is con 
nected to an ink reservoir 14. The latter provides ink, 
under pressure to the nozzle. Drops 16 of ink are gener 
ated at the nozzle outlet 18 by vibrating the nozzle at 
a predetermined frequency determined by an ultra— 
sonic signal applied from a signal source 19 thereto. 
The drops 16 are projected toward a record medium 20 
being transported past the nozzle. Conventionally, as is 
the case with the system I0 shown, the record medium 
is moved horizontally. In FIG. I the record medium is 
moving out of the page toward the reader. The speed 
of printing in the case of a high-speed ink jet printing 
apparatus of the type illustrated is usually greater than 
120 inches per second. 
As the drops 16 are formed at the nozzle outlet I8, 

they are selectively charged electrostatically by means 
of a charging electrode assembly 22. The charges as ap 
plied to the drops are produced in accordance with in 
formation supplied to the charging assembly from 
video information circuitry 24. This information deter 
mines the desired location of the drops on the record 
medium to form a desired character. 
Subsequent to applying the electrostatic charges to 

the drops, the drops pass through an electric deflection 
?eld 32 created by a deflection electrode assembly 30. 
The de?ection electrode assembly 30, as shown in 
FIGS. I and 2, is of the type used in the prior art and 
comprises a pair of similarly dimensioned. parallel, 
spaced electrode plates 26, 28. An electric field 32 is 
produced between the plates for de?ecting the charged 
drops vertically in accordance with the charges on the 
drops, to predetermined locations on the record me 
dium. It should be noted that the electric ?eld 32 pro 
duced between plates 26,28 extends along substantially 
straight vertical lines and as such drops de?ected 
therein are de?ected substantially along a vertical path. 

In most instances, all drops will not be used to print 
characters and as such some, when produced, receive 
no charge. Consequently. they are not de?ected when 
passed through the electric field but instead are di< 
rected to an ink drop catcher 34 from which they are 
recirculated to the ink reservoir 14 by suitable means 

(not shown). 
In operation. drops generated at nozzle outlet 18 are 

charged in accordance with the position they are to oc 
cupy on the horizontally moving record medium as de 
termined by the video signal applied from circuit 24. 
The drops pass through the electric field 32 and are de 
?ected accordingly in the vertical direction to such po 
sitions on the record medium. Conventionally, drops 
are deposited sequentially, on a line-by-line basis print 
ing from the bottom of the record medium, upwardly 
to form a character thereon, the earlier formed drops 
making up the lower portion of the line and the later 
formed drops the upper portion thereof. In the case of 
bar code printing as shown in FIGS. 3 and 6 of the 
drawing, each line forms a character. 
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4 
In the case of high speed printing, if the speed of the 

record medium is greatly increased, drops forming a 
vertical line which are emitted from the nozzle last in 
the sequence, will arrive at the record medium at a time 
later than those initially emitted and slanted lines will 
be produced. The slant of the lines, is caused by a linear 
delay in the inpingement of the drops on the record me 
dium making up the vertical line due to the increased 
speed of the record medium. As mentioned heretofore, 
this can be overcome merely by application of the 
known technique of rotating the plates predeter 
minedly in the direction of movement of the record me 
dium to compensate for the increased speed of the re 
cord medium. It will be assumed therefore that the 
slanted line presents no problem and as such no further 
discussion of elimination of the slant will be made. 
Also, for simplicity, the presence of the slant in the ver 
tical lines has been disregarded and, as such, the plate 
electrodes have been shown in the drawing mounted 
along horizontal planes rather than in a rotated posi 
tion. 
Because of a non-linear time difference of arrival of 

drops at the rapidly moving record medium due to 
aerodynamic and coulomb forces acting on drops 
formed and projected sequentially toward the record 
medium, the drops ejected from nozzle outlet 18 arrive 
at the record medium so that they are deposited along 
a curved line. As such, vertical lines produced will ap 
pear as shown in FIG. 3, curved in the direction oppo 
site from that in which the record medium is moving 
(see arrow for direction of movement of record me 

dium). 
To overcome the latter, it has been found that curv 

ing the electric de?ection ?eld appropriately in the op 
posite direction; i.e., in the direction of movement of 
the record medium, will minimize and most likely elim 
inate such curved lines. 
To provide such a curved field according to the in 

vention, a rearrangement and/or change in the shape of 
at least one of the electrodes comprising the de?ection 
electrode assembly is made. Other suitable modi?ca 
tions in the electrodes and/or positioning thereof with 
respect to one another to produce an appropriately 
curved field can be made as well. Such modi?cations 
will be apparent to one skilled in the art. It is intended 
that these changes be included within the scope of this 
present invention. 

Referring now to FIGS. 4 and 5 of the drawing, there 
is illustrated therein, as examples, two modified electric 
de?ection electrode assemblies 30a, 30b, respectively, 
for producing the curved de?ection ?eld described ac 
cording to the invention. 
As shown in FIG. 4, the electrode assembly 300 in 

cludes a pair of electrodes 26a, 28a, each of which 
comprises a generally horizontally disposed plate. The 
plates are separated from each other so that they are 
positioned on opposite sides of the ink drop path, illus 
trated by drops 16 moving into the page. 
The lower electrode plate 26:: is positioned at a pre 

determined location with respect to the ink drop path 
and connected to ground potential. The upper elec 
trode plate 28a is also positioned at a predetermined 
location with respect to the ink drop path. The upper 
electrode is offset in the direction of movement (see 
arrow) of the record medium 20 with respect to the 
lower electrode so that effective electrode portions X 
and Y of the lower end upper electrodes, respectively. 
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are out of vertical alignment with respect to each other; 
i.e., the left portion of the lower electrode as seen in the , , 
drawing comprising the effective electrode portion of 
electrode 26a (designated X) and the edge or left end 
portion of the upper electrode 28a (designated Y), 
forming the effective electrode portion of the upper 
electrode are not aligned vertically, the upper effective 
electrode portion (Y) being offset in the direction of 
movement of the record medium with respect to the 
lower effective electrode portion (X). 
The result when applying a high voltage potential to 

the upper electrode 28a, is an electric ?eld 32a formed 
in the path of drops 16 and curved in the direction of 
movement of the record medium. The drops 16 passing 
through the curved ?eld 32a tend to be de?ected along 
the curved electric ?eld lines shown and are acceler 
ated toward the record medium in the direction of 
movement thereof. The curved ?eld which causes the 
drops to be moved as described compensates for the 
aerodynamic and coulomb forces acting on the drops 
which would otherwise cause the drops to reach the re 
cord medium at a later time and form lines curved in 
a direction opposite from the movement of the record 
medium, such as shown in FIG. 3. The resulting lines 
produced when using the curved ?eld 32a according to 
the invention are straight (See FIG. 6). 
Another embodiment 30b of a modi?ed electric de 

flection electrode assembly according to the invention 
is shown in FIG. 5 ofthe drawing. Herein the deflection 
electrode assembly 30b comprises lower and upper 
electrode plates 26b, 28b, respectively. As in the case 
of the electrode assembly of HG. 4, each of the plates 
is positioned on an opposite side of the ink drop path. 
Lower electrode plate 26b is grounded and located in 
a generally horizontal plane, generally parallel to the 
direction of movement of the record medium. The 
upper electrode plate 28b is spaced from the lower 
plate 26b and is positioned at an angle with respect to 
the plane of the upper electrode. The end 36b of the 
upper electrode plate is nearer plate electrode 26b than 
the opposite end 38b of the plate. Thus, effective elec 
trode portions (designated T) of the upper electrode 
26b are, as in the embodiment of FIG. 4, offset with re 
spect to effective electrode portions (designated K) of 
the lower electrode 28b. Therefore, upon the applica 
tion of a high voltage potential to the upper electrode, 
a resultant electric field 32b is produced, curved in the 
direction of movement of the record medium 20. 
Therefore, ink drops 16 passing along a path through 
the curved ?eld, as with electric ?eld 32a produced 
with the de?ection electrode assembly 300 of FIG. 4, 
tend to be de?ected along the curved electric ?eld lines 
illustrated and are accelerated toward the record me 
dium in the direction of movement thereof. The accel 
eration of the drops as described minimizes or elimi 
nates any curvature in vertical lines formed on the re 
cord medium due to the aerodynamic and/or coulomb 
effects between drops 16. 
Of the two embodiments of de?ection electrode as 

semblies shown and described, 30a is preferred be 
cause of the uniform distance between electrodes over 
the extent thereof which permits maximum vertical de 
?ection of drops 16 throughout the electric ?eld 32a. 
While the preferred embodiments of de?ection elec 

trode assemblies according to the invention are shown 
for use with a record medium moved horizontally so 
that ink drops used for printing thereon are de?ected 
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6 
toward the medium vertically, such embodiments are 
not restricted to such orientation. 
Other de?ection electrode assembly embodiments 

besides those depicted herein are as mentioned hereto 
fore, possible for producing the desired curved ?eld ef 
fect which compensates for the non-linear forces ap 
plied to ink drops in high speed ink jet printing appara 
tus to eliminate curved lines. Such arrangements may 
include a lower plate electrode and an upper rod or the 
like electrode, offset with respect to the effective por 
tion of the lower electrode in the direction of move 
ment of the record medium. Such other electrode ar 
rangements will also be obvious to one skilled in the 
art. It is contemplated to cover in the appended claims 
any and all such electrode arrangements which fall 
within the scope of this invention. 
We claim as our invention: 
l. The method of high speed printing with ink drops 

on a record medium moving along a path in a ?rst di 
rection, comprising the steps of: generating and pro 
jecting ink drops along a path toward said record me 
dium whereat said drops are to be received at predeter 
mined locations to print predetermined characters. 
charging selectively said ink drops generated and pro 
jected toward said record medium in accordance with 
said predetermined locations to be occupied by said 
drops on said record medium and providing an electric 
deflection ?eld in the path of said ink drops for deflec 
tion thereof to said predetermined locations on said re 
cord medium as determined by the charges on said 
drops, said ?eld being curved in the direction of move 
ment of said record medium whereby drops passing 
therethrough for de?ection tend to be de?ected along 
the curved electric ?eld lines of said electric field and 
accelerated toward said record medium in the direction 
of movement thereof. 

2. A high speed ink jet apparatus for printing on a re 
cord medium mounted for movement along a predeter 
mined path adjacent said apparatus in a first direction, 
including in combination: ink drop generating and pro 
jecting means for generating ink drops and projecting 
them along a path towards said record medium whereat 
said drops are to be received at predetermined loca 
tions, ink drop charging means located adjacent said 
ink drop generating and projecting means for selec 
tively charging said ink drops projected therefrom ac 
cording to said predetermined locations to be occupied 
by said drops on said record medium, de?ection elec 
trode means interposed between said ink drop charging 
means and said record medium for providing an elec 
tric ?eld in the path of said charged drops for de?ecting 
said drops in a direction generally perpendicular to the 
direction of movement of said record medium, said 
electrode means including ?rst and second electrodes 
positioned in spaced relation on opposite sides of said 
ink drop path, said electrodes each including an effec 
tive electrode portion, the effective electrode portion 
of one of said electrodes being offset with respect to the 
effective electrode portion of the other electrode in the 
direction of movement of said record medium, and 
high voltage means coupled to said electrodes to pro 
vide between said effective electrode portions through 
said ink drop path, an electric ?eld curved as said ?eld 
approaches said one effective electrode portion in the 
direction of movement of said record medium, 
whereby ink drops passing through said curved ?eld for 
de?ection tend to be de?ected along the curved ?eld 
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lines and are accelerated toward said record medium in 
the direction of movement thereof. 

3. lnk jet apparatus as claimed in claim 2 wherein 
said first electrode comprises a plate extending gener 
ally along a plane in said ?rst direction with at least one 
section of said plate comprising said effective electrode 
portion and said second electrode being spaced from 
said plate in a direction perpendicular to said ?rst di 
rection and offset with respect to said ?rst effective 
electrode portion in the direction of movement of said 
record medium to provide said curved electric ?eld for 
de?ecting said drops. 

4. Ink jet apparatus as claimed in claim 3 wherein 
said second electrode comprises a plate with a prede 
termined section thereof being offset in the direction of 
movement of said record medium with respect to said 
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8 
one section of said ?rst electrode and comprising said 
second effective electrode portion. whereby said 
curved electric ?eld is formed between said effective 
electrode portions for deflecting ink drops passing 
therethrough. 

5. lnk jet apparatus as claimed in claim 4 wherein 
said predetermined section of said second electrode 
plate comprises an edge thereof extending generally 
parallel to the path of said ink drops being projected 
toward said record medium. 

6. ink jet apparatus as claimed in claim 5 wherein 
said record medium is mounted for movement in a gen 
erally horizontal direction and wherein said drops are 
de?ected in a generally vertical direction to said prede 
termined locations on said record medium. 

* * * * t 


