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Abstract D

C
This paper describes a method that produces a correct @ é\ﬁg
drop charge in a continuous ink-jet system with crosstalk » e
between the electrical fields that control the drop charge :
for the different jets. The method involves compensa-
tion of the charge potential by utilization of a precom-
puted table and a computer algorithm to calculate said D
table. It is shown that the remaining drop charge error
meets the stated requirement.

signal
in
Introduction Figure 1. Electrode system for on-off modulation of continu-

ous jets. The jet breaks up into drops near the charge elec-

The recent impact of personal computers on desktop puH—Ode C. Charged drops are deflected by the electrodes D and

lishing and multimedia has created a great demand fdptercepted by the catcher K Uncharged drops pass the catcher
and deposit on the drum surface R.

high-quality printers suitable for character printing, as
well as for color hardcopy printing. Ink-jet technology

has attracted a great deal of interest for these kinds %ith one jet per color (magenta, yellow, cyan, black)

applications. There are in principle two different ink-jetneeds about 2-3 minutes to pri .
oo : - print an A4 page. This may
modalities: the drop-on-demand (DOD) and the continug, g regarded as too slow if the printer is to be used as a

ous ink jet. When it comes to high image quality, theshared resource in a network. If print parameters such

ﬁg\r,]\,tlnruO%ltsclenlS(tJuerfnsizovg(s)gn lig?erci)r\]/t%ruttgeoszgl)r?oa}s?d ﬁggs jet speed are increased to shorten the time for print-
P 9 P P P%ut, a degradation of the output quality will appear with

tographic image quality. - ; ; . -
. L . increasing print speed. To increase the print speed sub-
. e(Ier::i E;hoentTn?Jr(t)isC(')enttsm;rguc?nl-rcl)l;fJfé;ﬁgngglggyglgettric tantially without changing the print parameters, a de-
P ] y ign with multiple ink jets per color can be used. A

signals, as shown in Figure 1. The ink jet issues from : : - ;
nozzle and breaks up into drops atptsnt of drop for- gﬁéeg r\)/\r/ilg':'afr?rAzel)(;arggl?ﬁ SLgOthJ%SSFe)ir color will be

mation,which is situated close to the control electrode A system with multiple jets must be designed so that
t(é.n\t/ivfﬂeig ZS'%ggl ;/omttr?gecgﬂ?&egﬁef:;?g(;getlr?é(-{‘gtrrﬁg- he electrical field between a charge electrode and its
PP ' orresponding jet does not inadvertently induce a charge

will be deflected by the electrical field generated betweeI§hnet2‘3t(:)rlj)tp;uc::I i?)(/j Jv?/gi?(; Jggih?trggglvsvz& gfe grrzsgﬁtci)r:]gOf

the deflection electrodes D and caught by the knife edgﬁﬁe problems of this interchannel crosstalk is to design

K (off-state). Uncharged drops, which are generat_ed the charge electrode structure schematically shown in

applying a signal voltag_e equal to the ink potential toFigure 2a, wherein each jet is shielded by its correspond-
the control electrode, will pass unaffected through the, "o 2106 electrode from the influence of adjacent
deflection field and reach the printing surface Rcharge electrodes? However, in systems where the ink
(on-state). jets are positioned relatively close to each other, this
method may lead to printing failure through stray drops
hitting the charge electrode and filling the charge elec-
trode slit with ink.

. _ _ _ ) Therefore, new printheads have been developed with
Originally published in thdournal of Imaging Science and TeCh'Charge electrode structures less susceptible to failure,
nology37: 171-175 (1993). making use of a structure schematically shown in Fig-

An ink-jet printer implementing the above method
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ure 2b combined with an electronic compensation — —
circuit.? This study shows that an analysis of the comp- Q Z CVa =GV + Z CVa
ensation table used in the method has led to an unex-
pected compensation stratégynder certain conditions To achieve the on-off control explained in the
with compensation for more than the closest channel olntroduction, the charg®, is allowed to attain only two
each side, the compensation for a potential change @fifferent valuesQ,, or Q.. In the described ink-jet
the second-closest channel on either side results inaethod,Q,, is equal to zero, regardless of system pa-
compensating potential change of the same sign as tfi@meters such as jet speed, drop size, deflection field
potential change of said channel. strength, etc., while the value @, depends on these
- ) _ parameters. As seen in Eq. 1, different crosstalk contri-
° . . ° ° butions from neighboring channel3C,V,; n #Z x) will
! give different charge valugd,, unless this crosstalk is
; : ’ compensated by the potentiglon the charge electrode
‘ ‘ ’ belonging tod,.
X-2 X-1 X X+1 X+2 The system model assumes that the capacitaiwes
Figure 2a. Charge electrode structure that eliminates inter-diminish with the distance from channel
channel crosstalk. The black dots represent jets, and the striped

areas represent the charge electrodes. The narrow slit may C
lead to functional failure due to stray drops.

1)

n#x

- 0; kn - (2)

x-nf

The compensation circu, receives as input not

. hd ¢ ¢ ° only the binary on-off signal belonging to chanrgbut
: also the on-off signals from surrounding channels. The
outputis the compensated potenth4] that results in a
charge on the jel, of eitherQ,, or Q. All channels
have identical compensation circuits with input taken
Compensation circuit from surrounding channels.

From Eq. 2 it can be concluded that the induced
‘ | | charge from a neighboring channel diminishes with the
X-2 X-1 X X+1 X42 distance from channed. This indicates that it may be
possible to omit from the model all channels outside the
Figure 2b. Improved charge electrode structure less suscepclosest group around chanmebith only a minor devia-
gb|fht0 Sltraty drops. Thte intnghannt‘-"thmSStf:]'kiS C,Ompﬁ!ﬂsatgﬁon of the outcome of Eq. 1. As shown in the Discus-
y the electronic circuit, and a correct drop charge IS achievedgion g minor charge error is made acceptable by selecting
Hg:;?ladjgZzz'?gsc?]frgsggresﬁgﬁgen jets and 130n be- sufficiently large group of neighboring channels.
‘ To limit the matrix sizes and equations, it is assumed
in the following that compensating for the two nearest
channels on each side results in an acceptable error.

n=X+2

Q= >CV, (3)

n=X-2

Computational Algorithm

The compensation circui, (cf. Fig. 3) receives as in-
put five binary signals and outputs the compensation
voltageV, that for the current input state yields correct
charge on the jel,. This compensation voltage is pre-
computed and stored in the compensation circuit. Be-
¥huse five binary signals can generate 32 different input
states, precomputed compensation voltages for each in-

Figure 3. System model used to compute the compensati
table implemented in the circuits.E

System Modeling put state must be stored k).

Figure 3 shows the jg} of thex-th channel and the five V(0) V(1) V(2) V(3)

charge electrodes closest f, their potentials labeled V(4) V(5) V(6) V(7)

V., to V,,,. The charge, induced onJ, is equal to the V(8)  V(9)  V(10) V(11)

sum of the induced charges from the surrounding charge  V,=V(12) V(13) V(14) V(15) (4)
electrodes. These terms are given by the product between V(16) V(17) V(18) V(19)

the potentiaV, of the charge electrode of théh chan- V(20) V(21) V(22) V(23)

nel and the capacitan€ between said charge electrode V(24) V(25) V(26) V(27)

and the jet].. V(28) V(29) V(30) V(31)

Chapter 2—Continuous Ink Jet —83



The indexl used in the following to denote matrix information includes only the two closest channels on
elements, such a4l), is computed as each side othannek (cf. Fig. 4). For example, the matrix
element to be selected for chanxel 2 depends partly on
| =22, ,+ 272, +2Z +227Z,,,+2Z,,, (5) the binary input state of channels 3 andx + 4, respec-
tively. To solve this problemQ(l) is computed for all
whereZ, has the value 1 if channglis in the off-state possible situations of the binary states of channels not
and the value 0 if channgls in the on-state. This means included in the state information, but affecting the volt-
that index O denotes the state in which all five jets arage values of channels that are included, had®(l) is
uncharged and index 31 denotes the state in which adlet to the average charge value of these Iplessituations.
five jets are charged. The iteration continues until the maximum charge
To compute the matri¥,, an iterative method is error of any on-state has changed less than 0.05% per
used. The elements ¥ are assigned start values, anditeration during 10 consecutive iterations. In the case of
then Eq. 1 is used to compute the ma@ix V, is then a diverging iteration, the computer program supports a
updated by the following equation: keyboard option for user termination.

VX = Vx +K X (Qx-desired' Qx)/cx’ (6) ReSU|tS

whereK is a constant affecting convergence of the iteraBefore running the computer program realizing the it-
tion andQ, _,...qiS @ Matrix whose elements have theerative algorithm previously described, the set of stan-

desired charge values of eith@y, or Q. dardized capacitance values that the program takes as
Before the iteration starts, the variables of the equainput must be evaluated. One way to do this is to mea-
tions are standardized as follows. sure these values experimentally by assembling the

charge electrode structure and the related nozzle, start-

0.0 0.0 0.0 0.0 ing up the jets, and then measuring the current created
1.0 1.0 1.0 1.0 by the charged drops of one of the jets, dendjeathen
0.0 0.0 0.0 0.0 the charge electrode of one channel at a time is set to a
Vo i = 1.0 1.0 1.0 1.0 (7) potentialV, while keeping all the other charge elec-
0.0 0.0 0.0 0.0 trodes at the potential of the jet. Then all the measured
1.0 1.0 1.0 1.0 current values are divided by the current value measured
0.0 0.0 0.0 0.0 for the channel related t§. This set of values consti-
1.0 1.0 1.0 1.0 tutes the set of standardized capacitance values of Eq. 8
that relates to the measured system.
[C,.»C,..C,C,. 1, Cil From such a measurement the following set of
=[C,.JC, C, ,J/C, 1,C..,/C, C . ,J/C] (8) capacitance values was derived:
0.0 0.0 0.0 0.0 [C..»C,...C,C,. 1 Cpl
1.0 1.0 1.0 1.0 =[0.024, 0.187, 1.00, 0.187, 0.024], (10)
0.0 0.0 0.0 0.0
Q- gesie 1.0 1.0 1.0 1.0 (9) which, when used as input to the computer program,
0.0 0.0 0.0 0.0 yielded the following matrix of standardized voltages.
1.0 1.0 1.0 1.0
0.0 0.0 0.0 0.0 0.000 0.011 -0.205 -0.194
1.0 1.0 1.0 1.0 1.107 1.118 0.902 0.913

-0.205 -0.194 -0.410 -0.399
Equation 7 shows the initial values assigned to the  Q, gesireg= 0.902 0.913 0.697 0.708 (11)

elements oW,. The value O represents the standardized 0.011 0.022 -0.194 -0.183
voltage applied to the charge electrode in the on-state of 1.118 1.129 0.913 0.924
a system without crosstalk (provided that the ink poten- -0.194 -0.183 -0.399 -0.388
tial has the value 0); the value 1 represents the standard- 0.913 0.924 0.708 0.719

ized voltage applied to the charge electrode in the
off-state of a system without crosstalk. The capacitances Equation 11 is transformed to the voltage values that
are standardized by dividing by the capacitance value ofiill be applied to the charge electrodes by multiplying
C,. The charge value 0 in Eq. 9 represents the standarthe matrix elements by the voltage value that would prop-
ized value ofQ,,, and the charge value 1 represents therly deflect a single jet in the system in question.
standardized charge value Q. . .

When computing the elements@f using Eq. 1, all Discussion
the voltage values of different chann&lsare selected
from the same matri¥,. For channek the elemen¥/(l) One interesting result from the analysis of matrices pro-
with the same indekas the currently computed elementduced by the described algorithm is found when com-
Q(l) is selected. For the other channels it is not possiblparing the matrix element40) andV(1). Index O denotes
to select a single element, because the available statiee state when all five jets are uncharged, and, as ex-
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pected, the compensation voltag@) in Eq. 11 has a A common electrode set to the potential 0 V is added at
value of 0. Index 1 denotes the state when the seconthe bottom of the figure. This arrangement provides a
closest jet], , , is charged and the other jets are un-controlled and known environment and reduces the
charged. This means that a positive voltage is applied torosstalk somewhat; it is therefore included in the model,
the charge electrode of chanmet 2, which leads one as well as in the experimental systems.
to believe that a negative voltage should be applied to The potential of Figure 5a would be applied to the
the charge electrode of chanréb compensate for chan- charge electrodes of a system without crosstalk. Figure
nelx + 2; however, as seen in Eq. 11, the matrix elemerib shows the electrical field between the dotted lines of
V(1) has the positive value 0.011. The explanation foFigure 5a, with the jets removed. As seen in Figure 5b,
this unexpected result is that the transition of charnel the potential 166 V at the position of the “uncharged”
+ 2 from its on-state to its off-state changed not only thget (encircled) is about a third of the potential 480 V at
voltage on the charge electrode of chantiglit also the the position of the “charged” jet (encircled). If the po-
voltage on the charge electrode of chamnell (and on tential 480 V gives a charge that correctly deflects the
two other channels that are irrelevant in this contextyirops, then having a third of that charge on the drops
and because the voltage applied to the charge electrotleat are supposed to be undeflected is unacceptable.
of channek + 1 is negative\(2) orV(3)], the net result Because the compensation matrix of Eq. 11 is valid
of the crosstalk from channels x + 2 and x + 1 is compenfor the geometry of Figure 5a, it can be used to compute
sated by a positive voltage on chanrel the charge electrode voltage that should be applied to
generate uncharged drops. In the situation of Figure 5a,
with every other channel in the off- or on-state, respec-
. S . tively, all charge electrodes in the off-state will have the
s g IS - potential related to the matrix elemani®21), while all
Tﬂm Gn FO” ] on ol T? T” charge electrodes in the on-state will have the potential
| related to the matrix eleme¥w{10). If the potential 999

?

—

| I
5

X \T{f, xoox ng P 7% Xy s kept at the charge electrodes in the off-state, then
Vs V“°’<\\J,é?),‘ the potential on the charge electrodes in the on-state
>V‘5)< should b&/(10)A/(21) X 999 V = -362 V. Figure 5¢c shows
VIS —yi4g) V(1) V122 ; : . : :
v(25;7 <v(23) the electrical field with this compensation, and, as can

) ) ) ) o be seen, the potential at the position of the uncharged jet
Figure 4. An example in which the compensation circuit (no‘gencircled) has a value of - 7 V, which probably gives an

shown in the figure) has access to the state information (on - . }
off) of two channels on each side. The channels participatin cceptable charge error if the potential 420 V at the po

in the compensation for channelcan, in the compensation %ltlon of the charged jet (encircled) gives a correct de-
state denoted by index 5, assume the different matrix valudiection.
shown in the figure (cf. Egs. 4 and 5), depending on the states

of channels - 4,x - 3,x + 3, andx + 4, respectively.

Another interesting result that can be found in the \ }
matrix of Eq. 11 is that the voltage value of any matrix
elementV(l) can be expressed as

ov 999V ov 993V ov
V(l) = 0.01Z, , + (- 0.205)Z, , + 1.10Z, vlz rjv vLﬂ rjﬂ —
+(-0.205Y, ., + 0.017, ., (12) . . . .

Compensation ¢ircuit

whereZ, has the value 1 if channely is off and the value
0 if channely is on, andZ, is related to the indek as : :
given in Eq. 5. As seen from Eq. 11, the term multiplied ‘ ‘ )77
with Z, ,andZ_, , is equal to the matrix eleme¥(1), 7

and the other terms are equaM(®) andV(4), respec- g re 5a. Situation with a potential on every other charge
tively. Equation 12 makes possible a realization of thgectrode of either 999 V or O V. The field between the dotted
compensation circui, using two inverters, five resis- |ines is shown in Figs. 5b and 5c. Typical dimensions are given
tors, and a current-to-voltage converter, which represents Fig. 2b.
a significant cost reduction as compared with a realiza-
tion using a read-only memory and a digital-toanalog  The following reasoning can be used to determine
converter. The symmetry of Egs. 11 and 12 indicates thahe acceptable charge error. A correctly charged drop is
it should be possible to reduce the calculation effort irdeflected a distande from the jet axis when it is prop-
the computational algorithm described earlier. This reerly caught by the knife edd€in Figure 1. The charge
duction has not yet been implemented. of the drop corresponds to the standardized charge value
Figure 5a shows a situation in which every otherl in the model (cf. Eq. 9). By using Eq. 1 with standard-
charge electrode is assigned the potential 999 V or 0 ¥zed capacitance values and the output from the com-
(the latter voltage being the assumed potential of the jetsputer program, the standardized charge vadig can
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by this charge(l) is

be computed for any situation |. The deflection yielded \\\\\\\\ AN
\999 994665 492 376 283 200 160 80 -11 - 135 é\h\x

— 792 752 620 479 370 280 199 161 &2 -4 -107 -199 -227

L() =Q() * L. (13) 630 598 524 433 347 268 196 161 91 21 -48 -102 - 126
510 488 442 380 315 251 189 159 102 46 -2 -39 ‘53

CZIP 405 374 330 281 231 180 156 109 66 30 5§ D

\\\\\ - . \\ 350 340 318 286 249 209 170 150 113 §0 53 34 15
\ 9| | \\\\\ 294 287 271 247 219 189 157 142 113 87 67 52 46
\ 999 699 708 561 465 391 359 301 247 191 120| 0 © 248 243 231 213 192 168 144 132 110 90 74 &3 38
209 205 196 183 167 149 130 121 103 88 76 68 &4

816 782 669 549 460 388 357 301 248 194 134 83 67 175 173 166 156 144 130 116 109 95 B3 74 6§ 45
672 645 SB2 507 436 375 347 296 248 204 |62 136 117 146 144 139 131 122 112101 95 85 76 @9 64 62
564 545 507 456 404 354 331 287 247 211 180 158 148 119 118 114 105 102 94 %6 Bl 74 67 62 S8 56
53 4472 407 369 330 311 275 242 2(3 190 173(66) 95 94 91 87 82 76 TG 67 61 S6 53 30 49
373 405 387 362 333 303 288 259 233 210 192 180 174 7172 70 67 63 59 55 53 48 45 42 40 3
357 351 338 320 299 276 264 241 221 203 188 179 175 S1 50 49 47 45 42 39 38 35 33 31 M 20
300 305 206 282 266 248 239 222 205 191 180 173 170 30030 29 28 27 25 24 23 2L 20 19 18 1%
367 264 257 247 235 221 214 201 188 177 168 163 160 ww w99 & §8 7 T 6 & 6

229 226 221214 205 194 189 179 169 160 154 149 147
193 192 188 §82 176 16% 164 156 148 142 137 133 132 \\

161159 157 152 147 142 138 132 127 122 118 116 114 \, \{\0\\0\\({\0\\<\\0\<\<\<\\0\\\i\\{\\

130 129 127 124 120 115 143 109 105 101 98 9%& 85
100 99 98 95 93 %0 gy &S B2 79 77 70 75
71 70 69 68 66 B4 63 61 59 57 Se 55 54

42 42 41 41 39 3% 3% 36 33 34 34 33 33 ) ) ) ) ] )
14014 14 1313 13 13 12 12 1L 10 11 ii Figure 5c. Numerical representation of the electrical field with

a compensation voltage of - 362 V applied

0 00 0 0 0 0 D O 0 6 G 0 \
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ The compensation method described here is cur-
rently being e_>_<perimenta||y evaluated, using a newly de-
Figure 5b. Numerical representation of the electrical field be-V(?I()ped multijet printhead. Data from the experiments
tween the dotted lines in Figure 5a with the jets removed. ThWill be presented elsewhere.
two circles indicate the positions of the jets in the figure.
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