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Printing with multiple printhead dies

BACKGROUND

{0001} Many inkjet printers use multiple printhead dies to print maltiple colors
gach pass. The multiple printhead dies may be mounted in a carriage that scans back-

and-forth across the media or n a page wide array {(FWA).

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] FIG. 118 a top view of a printer 100 in an example embodiment of the
myention.

{0003} FIG. 2 18 a block diagram of printer 100 11 an example embodiment of the
myention.

[0004] FHG. 3 18 a tuming dragram for printing at 600 dpi, 11 an example

embodiment of the invention.

[0005] FHG. 4 shows ink drops printed from two printhead dies m an example

embodiment of the invention.

{0006} FIG. 3 18 a flow chart for printing with mudtiple printhead dies in an

example embodiment of the mvention.

DETAILED BESCRIPTION

[0007] FIGS. 1 ~ 3 and the following description depict specific examples to teach
those skilled in the art how 1o make and use the best mode of the invention. For the
purpose of teachinyg mventive principles, some conventtonal aspects have been sunplified
or omitted. Those skilled o the art will appreciate variations from these examples that
fall within the scope of the mvention. Those skilled m the art will appreciate that the
features described below can be combined in vartous ways to form muluple variations of
the invention. As a resuli, the mvention is not hmmited to the speaific examples described

below, but only by the claims and their equivalents.
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{0008} Inkjet printers tvpically have one or more printhead dies where each
printhead die has an array of nozzles. The printhead dies and media are moved refative to
each other. In page wide array printers, the media 18 moved past the page wide arrgy of
print dies. Other inkjet printers have the print dies mounted on a carniage that moves
back and forth across the media width while printing swaths of ink. The media 1s then
advanced between the different swaths. In both cases the direction of motion between the
printhead dies and the ywedia is called the print direction. The spacing ov resotution of the
mk drops on the paper m the prnt direction s deternuned by the frequency of fioing
pulses sent o the printhead die and the speed the media i3 moving with respect to the
printhead dies. The spacing or resolution of the ink drops on the paper mi the axs
perpendicular to the print axis is deternuned by the nozzde spacing on the printhead die

and the manber of nozzles usad.

[0009] Frowre {15 atop view of @ printer 100 m an example embodmment of the
mvention. Printer 100 15 a page wide array printer with a print bar 102 extending across
the width of the media 104, Media 104 1s moved m the print divection shown by arrow
PD. Print bar has multiple printhead dies nombered 1 - N Each printhead die may be
used to print ink of one color onto media 104, for example cyan, vellow, magents or
black. There may be muluple printhead dies used © print the same color. Each printhead
die has a vow of nozzles nombered 1 - M. Each nozzle can dispense ink drops onte
media 104, A real printer would have more than one row of nozzley in each printhead die
and mav have multiple colors, but for clarity the number of rows of nozzies has been
redaced. A sensor 106 s attached to print bar 102 and can be moved in an axss {(shoen
by arrow 108) perpendicular to the print divection. Sensor 1006 can be used to measure
the position of the drops of ink deposited on media 104, In other examples, an external

sensor may be used to measure the position of 1wk drops on the medsa,

{0010} ‘The alignment of ink drops on the media from different printhead dies i
affected by the spacing hetween the rows of nozzies in the different printhead dies and
the speed the media 1s moving with respect to the printhead dies. The spacing n the print
direction between the nozzles m the different printhead dies is X1, Distance X1 may
vary due to manufacturing tolerance such that the spacing between the nozzles in the

different printhead dies i non-untform. For example, the spacing between the nozzles in



WO 2013/176661 PCT/US2012/039055

printhead die 2 and printhead die 3 may be X1+delts, and the spacing between the
nozzies in printhead die 3 and printhead die 4 may be Xi-~delta. The alignment of ink
drops from different printhead dies can also be affected by media streteh or shrinkage due
to wetting by the ink, dryving, media tension vanations, media speed variations and the
hke. By measuring the ik drop location on the media from the different printhead dies,
the firing pulses for the nozzles in the different printhead dies can be aligned/cahibrated

such that the drops from the different printhead dies align,

[0011] Figure 2 15 a block diagram of printer 100 m an example embodiment of
the mvention. Printer 100 comprises a media positioning system 230, mk sensor 106,
printhead dies 1 — N, an encoder 226, a controller 228, and comnuurucation bus 230,
Media postionng system 220 may comprise dnumns, motors, seasors, feed rollers, take-op
rollers and the like. Controller 228 mav comprise one or more processors, an application
speciiic mntegrated crreuit {ASIC), memory, mputfoutpat cirauitry and the like.
Communication bas 230 may be any type of commurucation bus, for example USB.
Controller 228 1s coupled to media positioning system 220, ink sensor 106, printhead dies
1-N, and encoder 226 through bus 230, Memory m controller 228 may comprse both
volatile and non-volatile memory. Code, stored 1 the memory, when executed by a
processor on controller 228, causes printer 100 1o take actions, for example printing mk

on media 104,

{0012} Encoder 226 may be a 150 dpi quadrature encoder and ouipot a 130 dpi
encode signal. When using all 4 edpes of the 150 dpt encoder signal a 600 dp encode
stonal 13 generated. The output from encode 226 15 used to dentve the finny pulses for the
different prnthead dies. Printers typically print at multiple resohutions. For high quality
jobs a printer may print at Us native resolution, for example 1200 dots per inch {(DPI).

For high speed or lower quality jobs, the printing resolution may be 600 DPL For draft
modes the printing resolution may only he 300 to 1530 DPI The resolution for each print
job s selected betfore the start of the print job. Once the print job resolution has been
selected, the encoder signal will be up-sampled to a higher than printing resolution signal.
For example, when printing at 600 dpi the encode signal will be up-sampled by 4X to
2400 dpi. The up-sanpled 2400 dpi signal will be used to align the firing between the

different printhead dies to sub-pixel accuracy at the printing resolution.
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{0013} Figure 3 15 a iming diagram for printing at 600 dpi, n an example
embodiment of the invention. In figure 3, hine 330 is the base encoder signal running at
600 dpt. Line 332 is an up-sampled encoder signal. In thus example the base encoder
signal bhas been up-sampled by 4X, s0 the up-sampled encoder signal 332 is at 2400 dpi.
Lines 334, 336, 338 and 340 shows the hring pulses for printhead dies 1,2, 3 and 4
vespectively. The firing pulses in lines 334, 336, 338 and 340 are the column syne signal
for printhead dies 1, 2. 3 and 4 respectvely. The colummn syae for die | s aligned to

phase 0 of the up-sanpled encoder signal in fine 332, The column syne for die 2 15
aligned o phase 1 of the up-sampled encoder signal i line 332, Thas means die 2 will
print dots of ink offset by 1/2400” of an inch relative to dots of ink printed by die 1.

172400 of an inch is %6 of a pixel ot the 600 dpi printing resolution.

[0014] The column syne for die 3 is aligned to phase 3 of the up-sampled encoder
signal in line 332, This means die 3 will print dots of ink offset by 3/2400% of an inch
relative to dots of ink printed by die 1. The colunm syae for die 4 15 aligned to phase 2 of
the up-sampled encoder signal m line 332, This means die 4 will print dots of mk oifset
by 2/2400% of an inch relative to dots of ink printed by die 1. Using this method, the ink
drops from each printhead die can be aligned to sub~pixel accuracy at the print resolution.
i one example embodiment of the wvention, the up-sample rate is fixed and 18
mdependent of the print resolution. For example the encoder signal 13 always up-sampled

by a factor of 4 so that the ik dots are aligned to within ¥ of the print resolution.

{0015} Iy another example embodiment of the mvention, the ap-sample rate 1g
variable and 1s dependent on the prnt resolation. In this example, the up-sample rate
would increase with decreasing print resolution.  This could mamtam the ik drop
alignment between printhead dies at 3 constant physical distance. For example, when
printing at 600 dpi, the up-sample rate may be 4X and when printing at 300 dps the up-
sample rate would be 8X. In each case the alignment hetween drops of ink printed by
two different printhead dies would be 172400 of an inch. This would be ¥ of a pixel at
600 dpt and 178 of a pixel at 300 dpi.

{0016} The selected phase of the up-sampled encoder signal for two prnthead dies
corresponds {o a print offset between ink drops printed from the two printhead dies. The

print offset between two printhead dies can be determuned m the following way. Qne or
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more ink drops are printed by each of the two printhead dies using the encoder signals for
each printhead die that should align the ink dvops deposited on the media. The distance
between the nozzles n the two printhead dies and the media speed past the printhead dies
affect the alignment of the ink on the media. In some instances, the encoder signal for
gach printhead die that should align nk drops from the two printhead dies may not be in
the same phase. The ink drops that should align are printed and then the location or
postiion of the ink drops on the media are measured. Duning a long print job, conditions
i the printer andfor the media may change such that the encoder signals that should align
the 1wk drops from the two printhead dies no longer ahgn the wk drops from the two

printhead dies.

{6017} The posttton of the nk drops are measured vsing an ik sensor. The print
offset corresponds to the miss-alignment between the ink drops printed by the two
printhead dies. Figure 4 shows mk drops printed from two printhead dies m an exanple
embodmnent of the mvention. Ink drops 450 have been printed from printhead die 1. Ink
drops 452 have been printed from printhead die 2. Both printhead dies are printing at the
same resolation which cotresponds to a spacing between mk drops of distance R, A time
aasipring direction 1s running along the bottom of figare 4 with wmerements of ¥ R, The
mk drops or dots from the two printhead dies should be alignad vertically. The mk drops
from printhead die 1 are offset from printhead die 2 by distance PO, Distance PO w the
prnd offset. In this example the print offset (distance PO corresponds to approximately
I8 R,

{11 8] When the encoder signal s up-sampled by a factor of 4 from the pri
resolution, the nuss-ahignment between print dies can be corrected within Y% of the primt
resolution.  The print resolution in figure 4 s R To align the mk drops in figure 4 the
nozzles from die 1 {in figure 4} will be fired at phase 1 and the nozzles m die 2 will be
fired at phase 0. This will shift the positions of the drops from die 1 by %4 R to the right
with respect to the ink drops from die 2. Once the ink drops have been shifted, the ik
drops from die 1 will be aligned to within ¥ R to the mk drops from die 2. If the encoder
signal mn figure 4 was ap-sampled by a factor of 8, the nuss-ahgnment between print dieg
could be corrected to within 1/8 of the print resotution or /8 of R, In this case the

nozzles front die 1 (n floure 4) will be fired af phase 3 and the nozzles i die 2 will be
. é . ¥



WO 2013/176661 PCT/US2012/039055

fired at phase 0. This will shift the positions of the drops from die 1 by 3/8 R to the right
with respect to the sk drops from die 2. Once the ik drops have been shnfied, the wk

drops from die 1 will be aligned to within 1/8 of R to the ink drops from die 2

[0019] The print offset between two printhead dies can be measurad by printing
drops ma number of different locations. In some examples the ink drops are measured
by looking at ink deposited in a page or image being printed. In other examples, the ink
drops to be measured may be deposited between pages or 1 the margm alongside pages
being printed. Because the mk drops can be measured in these different locations, the
print offset hetween printhead dies can be updated dynamucally during a print job, Thas
atlows the aligment between printhead dies to be adjusted on a per page bases, if
needed. [n some examples, the alignment between printhead dies may be updated on a
periodic time period or at the start of each print job. In other examples, the alignment

between printhead dies may be updated whenever the prnt offset excesds a threshold

value.
{6020} Figure S 15 a fow chart for privting with multiple printhead dies m an

exgmaple embodiment of the mvention. At step 570 a print resolution in a printing axis is
deternuned. At step 872 an encoder signal 1s up-sampled to a higher than primt
resotution. At step 574 the firing phase m the up-sampled encode signal 1s selected fora
first one of the two printhead dies to be aligned. And the finng phase m the up-sampled
encode signal i selected for the second of the two printhead dies to be aligned. At step
S76 the nozzles in the first printhead die are fived at the prnting resolution, starttng at the
firing phase for the first die. The nozzles in the second printhead die are fired at the

printing resolution, starting at the firing phase for the second die.

{0021} The examples above describe adjusting the alignment of printhead dies
using a page wide arrav printer.  Adpsting the alignment of printhead digs using this
method mayv also be done for inkjet printers that have printhead dies moving across the

media i a carrage.
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(0022 CLAIMS

What iz clatmed is:

i A priter, comprisimg,

at teast two printhead dies in a spaced apart relationship, where each printhead die
comprises a plurality of nozzles;

an encoder that provides an encoder signal;

a controlier conpled to the two printhead dies and the encoder, the controller to
control the printer;

the controller to up-sample the encoder signal to higher than & print resolution ina
print direction;

the controller to select a first one of the op-sampled encoder signal phases fora
first one of the at least two printhead dies;

the controtler 10 select a second one of the up-sampled encoder signal phases for a
second one of the at least two printhead dies, wherein the difference between the first one
and the second one of the up-sampled encoder signal phases corresponds to a print offset
between the first printhead dig and the second prmthead dig;

the controller {0 five nozzles in the first printhead die at the print resolution
beginning at the frst one of the ap-sampled encoder signal phases;

the controtler to fire nozzles i the second printhead die at the print resolution

beginning at the second one of the up-sampled encoder signal phases.
2. The printer of claim 1, further comprising:

an 1k sensor, the ink sensor 1o sense the position of ik, deposited on media
loaded m the printer, by the at least two printhead dies;

the controller coupled tw the ik sensor, the controlier to determune the print offset
from the position of the mk on the media.
3. The printer of clamm 2, wheretn the controler determines the print offset

pericdically.
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4. The printer of claim 3, wherein the comtrolier re-selects the fivst one and the
second one of the up-sampled encoder signal phases when the print offset exceeds a

threshold value

S The primter of clawm 2, wheretn the controller uses ik drops printed n the

margins of the page to determine the print offset.

6. The prnter of clasm 1, wherein the coutroller uses an up-sample rate when the
controlier up~-samples the encoder signal to higher than the print resolution, and the up-
sample rate is selected from the followmg group of up-sample rates; 4X, 6X, 8X, 10X,

12X, 16X, 32X, 64X and 128X

7. The printer of clamm 1, wherein the controlter uses an up-sample rate when the
controller up-samples the encoder signal to higher than the print resolution, and the up-

sample rate 13 dependent on the print resolution.

S A method for printing, comprising

determuning a pring resoltion in a prnt axis;

up-sampling an encoder signal to higher than the prnt resolution;

determuning a print offset between a fivst printhead die and a second printhead
dig;

e

selecting a first one of the up-sampled encoder signal phases for the first
printhead die;

selecting a second one of the up-sampled encoder signal phases for the second
printhead die, wherein the difference between the fivst one and the secoud one of the up-
sampled encoder signal phases corresponds to the print offser;

firing nozzles in the first printhead die at the print resolution starting at the first
one of the up-sampled encoder signal phases;

firing nozzles i the second printhead die at the pring resolution starting at the

second one of the up-sampled encoder signal phases.
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g The method of claim 7. where the print resolution is less than a native resolution
in the print axis.
10, The method of claim 7, wherem deternuning the print offset between the first

printhead die and the second printhead die is done during a print job.

1. The method of claim 7. wherein determining the print offset between the first
printhead die and the second printhead die s done using wk printed between pages i a

e

privg job.

2. The method of claim 7, further comprising:

determining & print offset between the second printhead die and a third printhead
dre;

selecting a third one of the up-sampled encoder signal phases for the third
printhead die, wherein the difference between the second one and the third one of the up-
samplad encoder signal phases comresponds to the print offset between the second
printhead die and a third printhead die;

firing nozzles w the third printhead die at the print resolution starling at the third

one of the up-sampled encoder signal phases.
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