
1 Replacement Sheet - 6 Feb 2004 METHOD AND APPARATUS FOR MASKING ADDRESS
OUT FAILURES BACKGROUND OF THE INVENTION This invention relates to inkjet
printers and the like, and more particularly to  an inkjet printing system
that makes use of multi-pass printing to form images and  text on print
media. Inkjet printing systems frequently make use of an inkjet printhead
mounted to  a carriage which is moved back and forth across print media
such as paper. As the  printhead is moved across the print media, a control
device selectively activates a  plurality of drop generators within the
printhead to eject or deposit ink droplets onto  the print media to form
images and text characters. An ink supply that is either  carried with the
printhead or remote from the printhead provides ink for replenishing  the
plurality of drop generators. Individual drop generators are selectively
activated by the use of a select or an  enable signal that is provided by
the printing system to the printhead. In the case of  thermal inkjet
printing, each drop generator is activated by passing an electric current
through a resistive element such as a resistor. In response to the electric
current the  resistor produces heat, that in turn, heats ink in a
vaporization chamber adjacent the  resistor. Once the ink reaches
vaporization, a rapidly expanding vapor front forces ink  within the
vaporization chamber through an adjacent orifice or nozzle. Ink droplets
ejected from the nozzles are deposited on print media to accomplish
printing. The electric current is frequently provided to individual
resistors or drop  generators by a switching device such as a field effect
transistor (FET). The switching  device is activated by a control signal
that is provided to the control terminal of the  switching device. Once
activated the switching device enables the electric current to 2
Replacement Sheet - 6 Feb 2004 pass to the selected drop generator or
resistor. The electric current or drive current  provided to each resistor
is sometimes referred to as a primitive signal and a control  signal for
selectively activating the switching device associated with each resistor
is  sometimes referred to as an address signal. In one previously used
arrangement, a plurality of primitive signals are  provided with each of
the plurality of primitive signals connected to a different group  of drop
generators within the inkjet printhead. Each of a plurality of address
signals is  provided to each switching device associated with each drop
generator. Using this  



technique a drive signal is provided to each primitive containing a drop
generator that  is to be activated. The address signal is provided to each
primitive to select the  particular drop generator for activation within
the primitive or grouping of drop  generators. The use of this technique
reduces the number of signals required to  uniquely select and activate
individual drop generators. The above-described scheme for activating
selected drop generators within the  inkjet printhead is susceptible to
certain failure modes that can result in deleterious  effects on print
quality. For example, a failure of one of the address lines to provide  an
address signal to each of the primitives or groupings of drop generators
results in a  failure of each drop generator associated with that
particular address line in each  primitive. The problem tends to be further
exacerbated in printheads that have larger  numbers of drop generators.
These printheads tend to have larger numbers of  primitives producing
larger number of drop generator failures because each address  line is
connected to a drop generator in each primitive. An address line can fail
to provide a proper address or enable signal to drop  generators in each of
the primitives in several ways. Because each address signal is  received
from the inkjet printing system, a failure of the electrical interconnect
between the printer portion and the printhead can produce a failure of one
or more  address lines. The electrical interconnect between the printhead
and the printing  system can fail as a result from improper seating during
the installation of the print  cartridge or from corrosion or contamination
on one or more electrical contacts  associated with either the printing
system or the print cartridge. Improper seating or 3 Replacement Sheet - 6
Feb 2004 corrosion can result in either no electrical interconnect or a
high resistance electrical  interconnect between the printing system and
the ink cartridge. If this electrical  contact between the printing system
and the ink cartridge is sufficiently high  resistance, then the address
signal will be sufficiently attenuated to prevent proper  activation of the
drop generators associated with this address line. Another cause of an
address line failure is failure in the electrical interconnect  between the
flexible circuit and the contact pads on the printhead. Frequently, an
electrical interconnect such as a flexible circuit is used to route signals
from the  contact pads that are configured for connection to the printing
system and a silicon  substrate on which the drop generators are defined.
Tape automated bonding (TAB)  is frequently used to form the electrical
interconnect between the flexible circuit and  contact pads on the silicon
substrate. Failure of this TAB bonding to form good  



electrical connection between the flexible circuit and the silicon
substrate can produce  an address line defect. Finally, various defects on
the printhead itself can also result in the failure of  address signals in
reaching the corresponding drop generators. One example of a die  defect is
a failure in one or more layers of the printhead to properly channel ink to
desired locations on the die which can result in ink shorts or low
resistance electrical  paths. These electrical paths or ink shorts can
attenuate an address signal sufficiently  to prevent proper activation of
the corresponding drop generators. There is an ever-present need for inkjet
printing systems that produce high  print quality and which are highly
reliable. These inkjet printing systems should be  well-suited for high
volume manufacturing in order to provide relatively low per page  printing
cost. SUMMARY OF THE INVENTION The present invention is a method and
apparatus for accomplishing inkjet  printing. One aspect of the present
invention is an inkjet printhead for use in an inkjet 4 Replacement Sheet -
6 Feb 2004 printing system for depositing ink on media. The inkjet
printhead has a plurality of  drop generators disposed on the printhead
that are responsive to first and second select  signals for selectively
depositing ink on media. The inkjet printhead includes a  plurality of
contacts for receiving first and second select signals from the inkjet
printing system. Also included is a plurality of electrical conductors each
electrically  connected between the plurality of contacts and selected drop
generators of the  plurality of drop generators. The plurality of
electrical conductors are connected to  the plurality of drop generators
such that in a multi-pass print-mode error resulting  from a failure of one
of the plurality of electrical conductors to provide one of the first  and
second select signals to the plurality of drop generators is uniformly
distributed. In one preferred embodiment, the first select signal is an
address signal and the  second select signal is a primitive drive signal,
wherein error is an error resulting from  a failure of one of the plurality
of electrical conductors to provide an address signal to  the plurality of
drop generators. In one preferred embodiment, the uniform distribution of
the error is a fixed number of print lines between each print line that is
affected by the failure of one of the electrical conductors to provide the
address select  signal. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 depicts a
printing system of the present invention that incorporates an  



inkjet print cartridge of the present invention for accomplishing printing
on print  media shown in a top perspective view. Fig. 2 depicts the inkjet
print cartridge shown in Fig. 1 in isolation and viewed  from a bottom
perspective view. Fig. 3 depicts a simplified block diagram of the printing
system shown in Fig. 1. Fig. 4 depicts a simplified block diagram of the
printing system shown in  Fig. 1, illustrating a printhead having 9 drop
generators. 5 Replacement Sheet - 6 Feb 2004 Fig. 5 depicts a schematic
representation of a 3-color printhead shown in  Fig. 2 with drop generators
grouped into 8 primitives. Fig. 6 depicts an arrangement of drop generators
into the 8 primitive groupings  for a single color of the 3-color printhead
shown in Fig. 5. Fig. 7 depicts a simplified timing diagram showing a
single activation cycle  for the printhead shown in Fig. 5 having 18
address lines. Fig. 8 depicts a simplified schematic representation showing
orientation of a  scan axis, a media advance axis, and a drop axis for the
printing system shown in  Fig. 1. Fig. 9 depicts groupings of resistors for
activating corresponding groups of  drop generators with the resistor
groupings corresponding to each pass of the  printhead in 6-pass
print-mode. Figs. I Oa through l Og depict the sequential stepping of the
inkjet printhead  past a print swath in 6-pass print-mode. Fig. 11 depicts
a schematic representation of individual dot rows and dot  columns that
make up the print swath illustrating defective dot rows resulting from a
single address failure. Fig. 12 depicts a chart showing for each
corresponding address, the  corresponding print line, and corresponding
primitive that is activated to print that line  in 6-pass print-mode. Fig.
13 depicts a chart showing for each corresponding address, the
corresponding print line, and corresponding primitive that is activated to
print that line  in 2-pass print-mode. DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT Fig. I is a perspective view of one exemplary
embodiment of an inkjet  printing system 10 of the present invention shown
with its cover open. The inkjet  



printing system 10 includes a printer portion 12 having at least one print
cartridge 14 6 Replacement Sheet - 6 Feb 2004 and 16 installed in a
scanning carriage 18. The printing portion 12 includes a media  tray 20 for
receiving media 22. As the print media 22 is stepped through a print zone,
the scanning carriage 18 moves the print cartridges 14 and 16 across the
print media.  The printer portion 12 selectively activates drop generators
within a printhead portion  (not shown) associated with each of the print
cartridges 14 and 16 to deposit ink on  the print media to thereby
accomplish printing. An important aspect of the present invention is a
method and apparatus in  which the printer portion 12 moves the print
cartridges 14 and 16 relative to the print  media 22 as well as the
selection of drop generators associated with the printing  cartridges 14
and 16. Another aspect of the present invention is the grouping of the
drop generators and the particular order in which the drop generators are
activated in  response to activation signals from the printer portion 12.
The method and apparatus  of the present invention provides high quality
printed images in the multi-pass  printing mode even 'if there is a failure
which prevents some of these activation signals  from reaching
corresponding drop generators. The method and apparatus of the present
invention solves this failure of an  enable signal problem by properly
arranging the enable signal routing to ensure that  print rows printed
using defective drop generators due to an enable signal out  condition are
not adjacent each other. In the preferred embodiment of the present
invention, the enable scheme for each of the drop generators ensures that
print rows  printed with defective drop generators are uniformly spaced,
thereby uniformly  distributing error due to the enable out signal within
the print swath. In this manner,  greater reliability and higher fault
tolerance are achieved with the printing system 10  of the present
invention. The method and apparatus of the present invention will be
described in more detail with respect to Figs. 2 through 13. Fig. 2 depicts
a bottom perspective view of one preferred embodiment of the  print
cartridge 14 shown in Fig. 1. In the preferred embodiment, the cartridge 14
is a  3 color cartridge containing cyan, magenta, and yellow inks. In this
preferred  embodiment, a separate print cartridge 16 is provided for black
ink. The present  invention will herein be described with respect to this
preferred embodiment by way 7 Replacement Sheet - 6 Feb 2004 of example
only. There are numerous other configurations in which the method and  



apparatus of the present invention is also suitable. For example, the
present invention  is also suited to configurations wherein the printing
system contains separate print  cartridges for each color of ink used in
printing. Alternatively, the present invention  is applicable to printing
systems wherein more than 4 ink colors are used such as in  high-fidelity
printing wherein 6 or more ink colors are used. Finally, the present
invention is applicable to various types of print cartridges such as print
cartridges  which include an ink reservoir as shown in Fig. 2, or for print
cartridges which are  replenished with ink from a remote source of ink,
either continuously or  intermittently. The ink cartridge 14 shown in Fig.
2 includes a printhead portion 24 that is  responsive to activation signals
from the printing system 12 for selectively depositing  ink on media 22. In
the preferred embodiment, the printhead 24 is defined on a  substrate such
as silicon. The print cartridge 14 includes a plurality of electrical
contacts 26 that are disposed and arranged on the print cartridge 14 so
that when  properly inserted into the scanning carriage, electrical contact
is established between  corresponding electrical contacts (not shown)
associated with the printer portion 12.  Each of the electrical contacts 26
is electrically connected to the printhead 24 by each  of a plurality of
electrical conductors (not shown). In this manner, activation signals  from
the printer portion 12 are provided to the inkjet printhead 24. In the
preferred embodiment, the electrical contacts 26 are defined in a flexible
circuit 28. The flexible circuit 28 includes an insulating material such as
polyimide  and a conductive material such as copper. Conductors are defined
within the flexible  circuit to electrically connect each of the electrical
contacts 26 to electrical contacts  defined on the printhead 24. The
printhead 24 is mounted and electrically connected  to the flexible circuit
28 using a suitable technique such as tape automated bonding  (TAB). In the
preferred embodiment, the print cartridge is a 3 color cartridge
containing yellow, magenta, and cyan inks within a corresponding reservoir
portion.  The printhead 24 includes drop ejection or drop generator
portions 30, 32 and 34 for 8 Replacement Sheet - 6 Feb 2004 ejecting ink
corresponding, respectively, to yellow, magenta, and cyan inks. The
electrical contacts 26 include electrical contacts associated with
activation signals for  each of the yellow, magenta, and cyan drop
generators 30, 32, 34, respectively. Fig. 3 depicts a simplified electrical
block diagram of the printer portion 12  and one of the print cartridges
14. The printer portion 12 includes a print control  



device 36, a media transport device 38 and a carriage transport device 40.
The print  control device 36 provides control signals to the media
transport device 38 to pass the  media 22 through a print zone whereupon
ink is deposited on the print media 22. In  addition, the print control
device 36 provides control signals for selectively moving  the scanning
carriage 18 across the media 22, thereby defining a print zone. As the
media 22 is stepped past the printhead 24 or through the print zone the
scanning  carriage 18 is scanned across the print media 22. While the
printhead 24 is scanned  the print control device 36 provides activation
signals to the printhead 24 to  selectively deposit ink on print media to
accomplish printing. Fig. 3 is simplified to show only a single print
cartridge 14. In general, the  print control device 36 is electrically
connected to each of the print cartridges 14 and  16. The print control
device 36 provides activation signals to selectively deposit ink
corresponding to each of the ink colors to be printed. Fig. 4 depicts a
simplified electrical block diagram showing greater detail of  the print
control device 36 within the printer portion 12 and the printhead 24 within
the print cartridge 14. The print control device 36 includes a controller
42, an address  generator 44, and a primitive generator 46. The address
generator 44 and primitive  generator 46 provide address and primitive
signals under control of the controller 42  to the printhead 24 for
selectively activating each of a plurality of drop generators  associated
therewith. The printhead 24 is shown greatly simplified by showing 12 drop
generators  along with corresponding switching circuitry. In general the
printhead 24 will have a  much larger number of drop generators as will be
discussed with respect to Fig. 6 and  Table 1 herein. 9 Replacement Sheet -
6 Feb 2004 The simplified printhead portion 24 shown herein includes 12
drop generators  having a corresponding resistor represented by R,1. R12,
R13, R,,, R21, R22, R23, R24, R31,  R32, R33, and R34. Resistors are used
to represent the individual drop generators because in the case of thermal
inkjet printing, each drop generator includes an ink  chamber, a resistive
element disposed proximate the ink chamber, and an orifice or a  nozzle
adjacent the ink chamber. The drop generator is activated by passing an
electric current through a resistor producing heat sufficient to vaporize a
portion of the  fluid within the chamber. As this vapor front expands, ink
within the chamber is  forced from an adjacent orifice or nozzle onto print
media 22. The present invention  is suitable for other technologies such as
technologies wherein individual drop  



generators are activated by an electric signal such as piezo technology for
ejecting ink  droplets. In the preferred embodiment, the printhead 24 is a
thermal inkjet printhead.  Each of the resistors associated with individual
drop generators are activated by the  print control device 36. In the
preferred embodiment; this activation signal is a high  current drive
signal provided by the primitive generator and a relative low current
control signal provided by the address generator 44. In this preferred
embodiment,  each resistor or drop generator is grouped into groups
referred to as primitives. Each  primitive or group of drop generators is
connected to a separate conductor or drive  conductor for providing the
activation signal to each of the primitives. In the example shown in Fig.
4, the printhead 24 includes a first primitive  which includes resistors
R11. R21, and RS1 which are each connected to the primitive  drive
conductor P, from primitive generator 46. Primitive generator 46 provides
three  additional primitive drive conductors, P2, P3, and P4. Primitive
drive conductor P2 is  electrically connected to resistors R12, R2,, and
R3,. Primitive drive conductor P3 is  connected to resistors R13, R23, and
R33. Finally, primitive conductor P4 is connected  to resistors R,,, R24,
and R34. Connected between each of the resistors and a circuit ground is a
switching  device such as a field effect transistor (FET). The control
terminal of each of the  switching devices receives an activation signal
from the address generator 44. Once 10 Replacement Sheet - 6 Feb 2004
activated, the switching device conducts current to allow current to flow
from the  primitive generator drive circuit 46 to the circuit ground.
Therefore, in this particular  implementation, each drop generator requires
both a drive current provided by the  primitive generator 46 and an address
active signal provided by the address generator  44 to activate the
particular drop generator to deposit ink on media. In the preferred
embodiment, each address line designated A,, A2, and A3  provided by the
address generator 44 is connected to only one switching device within  each
primitive group. Therefore, address 1, designated A,, is connected to the
control  terminals of switching devices associated with resistors R11, R12,
R13, and R14. Similarly, address 2, designated A2, is connected to the
control terminals of switching  devices associated with resistors R2,, R22,
R23, and R24. Finally, address 3, designated  A3, is electrically connected
to the control terminals of switching devices associated with resistors
R3,, R32, R33, and R34. In the simplified example of the printhead 24 shown
in Fig. 4, 7 inputs are  



required to uniquely select and activate one of 12 drop generators. Using
this scheme,  the number of inputs that are required to uniquely select N
drop generators will be  equal to 24-N. Each individual drop generator
within each primitive has a unique  address and each address is connected
to each primitive. If no more than one address  is active at the same time
then no more than one drop generator within the same  primitive will be
active at the same time. Fig. 5 is a bottom plan view of the inkjet
printhead 24 as shown in Fig. 2. The  ink et printhead 24, includes drop
generators 30, 32, and 34 for depositing yellow,  magenta, and cyan inks,
respectively, on print media. The drop generators associated  with each
particular ink, yellow, magenta, and cyan, are grouped into groupings
referred to as primitives. In the preferred embodiment, there are 8
primitives  associated with each ink color. Primitives one through 8 are
associated with yellow  ink; primitives 9 through 16 are associated with
magenta ink; and primitives 17  through 24 are associated with cyan ink.
Fig. 6 depicts the plurality of drop generators 30 associated with yellow
ink on  printhead 24. In the preferred embodiment there are 144 drop
generators associated 11 Replacement Sheet - 6 Feb 2004 with the yellow
ink. Each of these drop generators are defined on the printhead 24.  An ink
feed slot 48, shown in ghost, allows ink to flow from an ink chamber within
the ink cartridge 14 shown in Fig. 2 to an ink chamber (not shown) defined
within the  printhead 24. Upon activation of the resistor adjacent the ink
chamber by appropriate  signals from the primitive generator 46 and address
generator 44 shown in Fig. 4, ink  is ejected from the nozzles or orifices
labeled from 1 to 144, shown in Fig. 6. Each of  the plurality of drop
generators 30 are disposed proximate the ink feed slot 48 so that  the ink
chambers associated with each of the drop generators can be rapidly
replenished with ink after ink is dispelled from the drop generator. In the
case of  thermal inkjet printing, each of the components of the drop
generator, namely the ink  chamber, the resistor and the orifice or nozzle,
must all be located in close proximity.  References to the location of the
nozzle, resistor and the location of the drop generator  will be used
interchangeably. In the preferred embodiment, the drop generators are
arranged in parallel rows  adjacent the ink feed slot 48. The 144 nozzles
associated with yellow ink drop  generators are each offset along a
longitudinal axis of the ink feed slot 48. Each  nozzle is numbered from 1
to 144 based on position along the longitudinal axis of the  ink feed slot
48 with odd numbered nozzles on one side of the ink feed slot 48 and  



even numbered nozzles on the other side of the ink feed slot 48. Adjacent
drop  generators are grouped into 18 groupings or primitives, with odd
nozzles numbered 1  through 35 grouped into primitive 1, even nozzles
numbered 2 through 36 grouped  into primitive 2, and so forth. The inkjet
printhead 24 receives primitive drive signals  from the primitive generator
46 for providing drive current to resistors associated with  the
corresponding primitive. In addition, the address generator 44 associated
with the  printer portion 12 provides 18 address signals for activating the
switching device  associated with each drop generator. In the preferred
embodiment, the primitive generator 46 provides 24 primitive  signals with
8 primitive signals associated with each ink color, in this embodiment
these ink colors include yellow, magenta, and cyan. In addition, the
address generator  44 associated with the printer portion 12 provides 18
address signals for uniquely 12 Replacement Sheet - 6 Feb 2004 selecting
which drop generator within a primitive to activate. As discussed
previously, to activate a drop generator requires that both the primitive
drive signal is  present and that the proper address for that drop
generator is active. Table I is a chart illustrating address and primitive
connections for each drop g for associated with the printhead 24. The drop
generator number refers to the  drop generator location along each of the
ink feed slots 30, 32, and 34 for the yellow,  magenta, and cyan inks,
respectively. The drop generator layout for the magenta ink  feed slot 32
is similar to the nozzle layout for the yellow ink feed slot 30, except the
nozzles are numbered from 145 to 288. Similarly, the drop generator layout
for the  cyan ink feed slot 34 is similar to the drop generator layout for
the yellow ink feed  slot 30 except the drop generator numbers range from
289 through 432. Fig. 7 depicts a timing diagram illustrating greater
detail of the operation of  the address generator 44 for enabling addresses
I through 18 for a printing system 10  operating at a frequency f. The
address enable signal will allow each address to be  active at a different
interval in time thereby preventing no more than one nozzle  generator to
be active within a primitive at the same time. As discussed previously,
for an address to be active, the address generator 44 must receive an
address active  signal from the controller 42 as well as the address enable
signal must be active.  Because each drop generator within each primitive
has a unique address (see Table 1)  and because the address enable signals
as shown in Fig. 7 are staggered in time and do  not overlap then no more
than one drop generator within each primitive will be  activated at the
same time. Because of the close proximity of drop generators within  



in each primitive, fluidic cross-talk between nearby drop generators can
affect  dynamic performance, such as ink chamber refill time. To avoid
fluidic cross-talk  problems, it is important that no more than one drop
generator within each primitive  be activated at the same time. The present
invention makes use of 24 primitive signals and 18 address signals  for a
three color printhead. This preferred embodiment enables the use of a
variety of  operating frequencies, including the relatively high
performance operating frequency  of 18 kilohertz. In general, there is a
tradeoff between operating frequency 13 Replacement Sheet - 6 Feb 2004
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Sheet - 6 Feb 2004 and cost of the printing system 10. Higher printing
frequencies are achieved using  fewer numbers of addresses and greater
numbers of primitives. Because each address  is staggered in time fewer
numbers of addresses allow for greater operating  frequencies for the
printing system 10. However, larger numbers of primitives require  greater
numbers of primitive drivers for supplying drive current to the each of the
primitives. These primitive drivers must supply high current for resistor
heating and  therefore are relatively expensive adding to the manufacturing
cost of the printing  system 10.  An important aspect of the method and
apparatus of the present invention is  the fault tolerance achieved by the
particular address and primitive interconnections  specified in Table 1. As
discussed previously, for the inkjet printing system 10 to  work properly,
the ink cartridges 14 and 16 must be properly seated within the  scanning
carriage 18 such that electrical connection is made between the printer
portion 12 and each-of the print cartridges 14 and 16. For the case of
print cartridge  14, proper electrical connection requires that each of the
18 electrical contacts  associated with each address line and each of the
24 primitive contacts associated with  each of the primitive lines must be
property established. Contamination or corrosion  on these contacts can
result in a high resistance electrical connection preventing  activation of
the switching devices associated with the drop generator. In the event
that a single address connection between the printer portion 12 and the
print cartridge  14 is not established, then 24 drop generators associated
with that address will no  longer operate. In addition, there are various
failures on the printhead 24 itself or the  bonding of the printhead to the
flexible circuit 28 (see Fig. 2) that can also result in an  address signal
failing to reach the printhead 24. For example, if ink is not properly
contained on the printhead 24 it can leak between layers on the printhead
that can result in shorts that can prevent an address signal from reaching
the proper  nozzle generator. The address scheme of the present invention,
when used in conjunction with  multi-pass printing, effectively masks the
effect of a single address out to thereby  



minimize the reduction of print quality in the output image. The method and
15 Replacement Sheet - 6 Feb 2004 apparatus of the present invention masks
the effects of effective drop generators due  to an address out by
distributing these errors in the output image. By distributing  error due
to drop generator failure, this error is less noticeable to a human
observer. Figs. 8 through 13 will be used to illustrate how the method and
apparatus of  the present invention is used to distribute error resulting
from a failure of a single  address line. It can then be seen that by
distributing this error in the proper manner,  the error is less noticeable
to a human observer. Fig. 8 depicts a simplified representation of the
inkjet printing system 10  shown in Fig. 1. The inkjet printing system 10
includes the printer portion 12 and the  print cartridge 14. The print
cartridge 14 is moved or scanned under the control of the  print control
device 36 shown in Fig. 3. The ink cartridge 14 is scanned along a scan
axis represented by the x-axis in coordinate system 50. In addition, the
media 22 is  moved under the control of the carriage transport device 40
shown in Fig. 3 along a  media advance axis represented by a y-axis in
coordinate system 50. The coordinate  system 50 represents a set of
mutually orthogonal axes, designated x, y, and z. As the  print cartridge
14 is scanned while the media 22 is stepped the print control device 36
selectively activates the printhead 24 as shown in Fig. 3 to deposit ink on
media for  accomplishing printing. Ink droplets ejected from the printhead
24 are dispensed  along the z-axis shown in coordinate system 50. Fig. 9
depicts a greatly enlarged schematic representation of the plurality of
drop generators 30 associated with a single ink color, yellow, for the
inkjet printhead  24. The drop generators I through 144 are shown in groups
of 24 represented by R,  through R24, R,5 through R4,, R,,9 through R72,
R73 through R96, R97 through R120, R121  through R144. The groupings of
resistors or drop generators are used to illustrate a  multi-pass printing
mode for the printing system 10. The particular multi-pass print-mode shown
in Fig. 9 is to represent 6-pass  print-mode wherein the printhead prints
each swath on the print media using 6 scans  of the printhead 24 across the
print media 22. As shown in Fig. 9, resistors I through  24 that are
activated to at least partially print dot rows or lines 1 through 24 on the
print media 22. The print media is then stepped in increments such that the
next 24 16 Replacement Sheet - 6 Feb 2004 resistors, resistors 25 through
48, are properly aligned with dot row I through dot row  



24, respectively. The printhead 24 is then scanned along the scan axis to
at least  partially print dot rows 1 through 24 again. Because each drop
generator is offset  each drop generator or resistor is aligned with each
dot row of the 24 dot rows. The  print media is then stepped such that
resistors or drop generators R49 through R72 are  aligned with dot rows 1
through 24, respectively. The process is continued until  resistors or drop
generators R121 through R,,, are used to print dot row 1 through dot row
24, respectively. In the 6-pass print-mode illustrated in Fig. 9, each dot
row or print line within  the print swath made up of dot rows 1 through 24
are printed using 6 separate drop  generators. For example, dot row 1 is
printed using resistors or drop generators R,,  R25, R49, R73. ,R97, and
R121 Each of these drop generators print 1/6 of dot row I over 6  separate
scans of the printhead 24 along the scan axis. Between each scan the media
22 is stepped to position the media for the next scan. Because each print
line or dot row on the print media 22 in 6-pass mode is  printed with 6
different drop generators, the failure of a single drop generator within
the 144 drop generators associated with the yellow ink color will result in
less ink  droplets being applied in 1 dot row within each print swath of 24
dot rows. The dot  row that receives less ink will receive 5/6 the amount
of ink of the other dot rows in  the print swath. In the case where an
address failure occurs as seen from Table 1, 8 resistors or  drop
generators will fail, one drop generator associated with each primitive.
For  example, if address I fails, drop generators 1, 28, 37, 64, 91, 82,
127, 118 will all fail  which are associated with yellow ink. In addition 8
drop generators will fail  associated with each of the magenta and cyan
inks also. Focusing on a single ink, for  example, the yellow ink, with 8
drop generators failing due to a single address failure,  then 8 dot rows
within the print swath of 24 dot rows will be printed with less ink.
Applicants have recognized that certain drop generator addressing
arrangements can  result in noticeable print quality reduction. For
example, in 6-pass print-mode a  failure of a single address line results
in 8 drop generators being disabled. If the Replacement Sheet - 6 Feb 2004
17 address arrangement is such that more than one disabled drop generator
is required to  print the same dot row during different scans of the
printhead 24, then the dot row will  be printed with less than 1/6 less
ink. In this event, 2/6 or 1/3 or more less ink used to  print a dot row
every print swath is a very noticeable print quality defect. Another
example of a noticeable print quality defect resulting from 8 nozzle  



failures due to a single address out condition for a single color will now
be discussed.  Where dot rows are printed with 1/6 less ink by insuring
that no more than one  defective drop generator prints more than 1 each dot
row then there are 8 drop rows in  the print swath of 24 dot rows that have
reduced ink by 1/6. However, if these 8 dot  rows having 1/6 less ink are
adjacent each other, this defect or error becomes a very  noticeable print
quality defect to the human observer. The method and apparatus of the
present invention solves this problem by  properly arranging the addressing
to ensure that dot rows printed using defective drop  generators due to an
address out condition are not adjacent each other. In the  preferred
embodiment of the present invention, the address scheme for each of the
drop generators ensures that dot rows printed with defective drop
generators are  uniformly spaced, thereby uniformly distributing error due
to the address out signal  within the print swath. The method and apparatus
of the present invention will now be described with  respect to Figs. I OA
through l OG to illustrate the method and apparatus of the present
invention using a 6-pass print-mode. Figs. IOA through 10G each illustrate
print media 22 such as paper that is  stepped past the printhead 24 along a
media advance axis designated as the y-axis in  coordinate system 50 while
the printhead is scanned along a scan axis represented by  the x-axis and
coordinate system 50. Figs. 1 OA through l OG are not drawn to scale,  and
are merely intended to illustrate the method and apparatus of the present
invention  in a multi-pass print-mode. A print swath of interest is
represented by cross-hatched  portion 52. This print swath represents 24
rows (1/6 of the print generators 30)  associated with one ink color for
use in a 6-pass print-mode. The method and  apparatus of the present
invention works equally well for other print colors such as 18 Replacement
Sheet - 6 Feb 2004 cyan and magenta, but for the sake of simplicity, only
one color will be discussed  herein. Fig. 1OA depicts the printhead 24
prior to printing in the print swath 52 of  interest. Therefore there are
no drop generators or resistors positioned to print on the  swath 52.
Assuming an address 1 failure, there are no resistors or drop generators
that  are positioned over the print swath 52, and therefore, the none of
the dot rows or print  lines position within the print swath 52 are
affected by this address out condition. Fig. IOB is similar to Fig, 1OA
except the media has been advanced along the  media advance axis so that
resistors 1 through 24 are positioned over the print swath  



52 of interest. In the event that the entire address 1 line fails to
provide an address  signals to the printhead 24, drop generator or resistor
I will fail (see Table 1). In the  event that drop generator or resistor I
fails, the corresponding dot row associated with  resistor 1 in print swath
52 is dot row 1. Fig. I OC is similar to Fig. I OB except the print media
22 is advanced along the  media advance axis in a distance equal to 24
resistors. Therefore, resistors 25 through  48 fall within the print swath
52. In the event address 1 fails, resistors or drop generators 28 and 37
within this print swath will not operate. The dot row in which  address
generator 28 will print within this print swath 52 is dot row 4 which is
computed by subtracting the drop generator's position within the printhead
which  equals 28 minus the number of drop generators which have moved past
the print  swath interest which equals 24. Similarly, drop generator 37 is
used to print dot row  13 within swath 52 which is determined by the drop
generator location 37 subtracting  the overlap which is equal to 24. Fig. I
OD is similar to Fig. IOC except the print media 22 has been advanced so
that the print swath 52 is aligned with the next group of drop generators.
The resistors  or drop generators positioned over the print swath are
resistors 49 through 72. In the  event address I is not functioning, drop
generator 64 fails to operate properly. The  dot row corresponding drop
generator 64 in print swath 52 is dot row 16. Dot row 16  is achieved by
subtracting 48 from 64. 19 Replacement Sheet - 6 Feb 2004 Fig. IOE is
similar to Fig. IOD except the print media 22 is advanced to the  next
group of resistors or drop generators. The resistors or drop generators
positioned  over the print swath are drop generators 73 through 96. In the
event address 1 active  signal does not reach the printhead 24, then drop
generators 91 and 82 are inactivated.  Drop generators 91 and 82 correspond
to dot rows 19 and 10, respectively, in the print  swath 52. Fig. I OF is
similar to Fig. 1OE except the print media 22 is advanced to the  next
group of drop generators. Drop generators or resistors 97 through 120 are
positioned to print the print swath 52 in Fig. I OF. In the event address 1
signal does  not reach the printhead 24, then drop generator 118 will fail
to operate, corresponding  to dot row 22. Finally, Fig. IOG is similar to
Fig. IOF except the print media 22 is advanced  such that resistors or drop
generators 121 through 144 are positioned over the print  swath 52. In the
event that an address 1 signal does not reach the printhead 24, then  



drop generator 127 will fail to properly activate. Drop generator 127
corresponds to  dot row 7 in the print swath 52. Therefore, from Figs. IOA
through IOG, it can be seen that in the event the  address line
corresponding to address 1 is defective, then 8 drop generators associated
with yellow ink will fail to operate. The print lines or dot rows within
the print swath  52 that are printed in 6-pass print-mode result in print
lines 1, 4, 7, 10, 13, 16, 19, and  22 that are not properly printed in one
of these 6 passes. Fig. 11 depicts the print swath 52 having 24 print rows
or dot rows 2, 3, 5, 6,  8, 9, 11, 12, 14, 15, 17, 18, 20, 21, 23, and 24
properly printed without defect in the  event that address 1 fails to
provide an activation signal to all drop generators  associated with
address 1. The remaining print lines in the print swath 52 have been
printed with a non-operating drop generator for I pass of the 6 passes.
Therefore,  these print lines or dot rows can be considered printed at 5/6
strength. The addressing  arrangement of the present invention provides a
uniform distribution of error resulting  from inactive drop generators due
to a single address out. This error is preferably  distributed throughout
the print swath 52. Because each line or dot row that is printed 20
Replacement Sheet - 6 Feb 2004 by a nonoperating drop generator due to
address I failure is spaced every third dot  row, this error is uniformly
distributed throughout the print swath 52. In addition,  error resulting
from address 1 out is distributed such that each line printed with an
inoperative drop generator due to address 1 out is printed with this
inactive drop  generator on only one of the 6 passes in 6-pass multi-pass
mode. Each of these print  lines or dot rows printed with an inactive drop
generator are spaced from other dot  rows printed within inactive drop
generators so that an averaging effect performed by  the human eye tends to
minimize the visual effect of this error. A single print swath 52 is
discussed in Figs. 10 and 11 for simplicity. The  entire print media 22 can
be thought of as being composed of a series of print swaths  52. Each print
swath 52 within the print media 22 will be printed in a manner similar  to
the print swath 52 discussed above. In general, for a printing system 10
that operates in a multi-pass printing mode  where printing is accomplished
using P passes and where the address system makes  use of A separate,
independent address lines, then where A divided by P is an integer
quantity, the minimum dot row pitch between two affected dot rows is equal
to A  divided by P when a single address line is inactivated. For example,
for the printing  system 10 described in Figs. 9 and 10, wherein 6-pass
print-mode is used and 18  



address lines, then A =3  P which represents the pitch or distance between
2 dot rows which are affected by the  address out condition. Fig 12 depicts
a chart of primitives for corresponding address and position of  failed
drop generator in the print swath 52 for the printhead 24 operating in
6-pass  print-mode within the printing system 10. For each address shown on
the horizontal  axis each primitive that is activated by this address is at
least 3 dot rows apart with the  dot rows shown on the vertical axis.
Therefore, a single address failure will result in  error in the output
image that is spaced or distributed in the output image such that the
error in the image on media is less noticeable to the human observer.
Furthermore, 21 Replacement Sheet - 6 Feb 2004 this error is uniformly
spaced so that the error in the output image due to an address  failure is
less noticeable. Fig 13 depicts a chart of primitives for corresponding
address and position of  failed drop generator in the print swath 52 for
the printhead 24 operating in 2-pass  print-mode within the printing system
10. Fig. 13 is similar to Fig. 12 in that there are  8 dot rows between
each primitive that is activated by a given address that is shown  on the
horizontal axis. This error is uniformly distributed within the image on
media  to be less noticeable to the human observer. 22 Replacement Sheet -
6 Feb 2004 What is claimed is: 1. An inkjet printhead 24 for use in an
inkjet printing system 12 for depositing ink on  media, the inkjet
printhead 24 having a plurality of drop generators disposed on the
printhead 24 that are responsive to first and second select signals for
selectively depositing ink on media, the inkjet printhead 24 comprising: a
plurality of contacts 26 for receiving first and second select signals from
the  inkjet printing system 12; a plurality of electrical conductors each
electrically connected between each of  the plurality of contacts 26 and
selected drop generators of the plurality of  drop generators; and wherein
in a multi-pass print-mode the plurality of electrical conductors are
connected to the plurality of drop generators to uniformly distribute error
resulting from a failure of one of the plurality of electrical conductors
to  



provide one of the first and second select signals to the plurality of drop
generators. 2. The inkjet printhead 24 of claim I wherein the first select
signal is an address  select signal and the second select signal is a
primitive drive signal. 3. The inkjet printhead 24 of claim 1 wherein the
plurality of drop generators are  arranged in two rows with each row having
a central axis that is oriented  orthogonally to a printhead scan direction
and wherein individual drop generators  in each row are offset from each
other along the central axis so that each drop  generator is positioned to
print a different print line as the inkjet printhead 24 is  moved along the
scan axis. 4. The inkjet printhead 24 of claim 2 wherein error is an error
resulting from a failure  of one of the plurality of electrical conductors
to provide an address select signal  to the plurality of drop generators
and wherein uniform distribution of the error is  a fixed number of print
lines between each print line that is effected by the failure  of one of
the electrical conductors to provide the address select signal. 23
Replacement Sheet - 6 Feb 2004  5. The inkjet printhead 24 of claim 1
wherein in the multi-pass print-mode the inkjet printhead 24 is moved
relative to print media in a first pass activating a first drop  generator
of the plurality of drop generators to partially print a print line and the
inkjet printhead 24 is moved relative to print media in a second pass
activating a  second drop generator, different from the first drop
generator, of the plurality of  drop generators to partially print the
print line. 6. The inkjet printhead 24 of claim 2 wherein in the multi-pass
mode the inkjet  printhead 24 is moved relative to the print media in 6
separate passes with each pass  activating a different drop generator of
the plurality of drop generators for  depositing ink to form each print
line and wherein the failure of one of the plurality  of electrical
conductors to provide the corresponding address select signal to the
plurality of drop generators results in error that is uniformly spaced
every three  print lines. 7. The inkjet printhead 24 of claim 2 wherein in
the multi-pass mode the inkjet  printhead 24 is moved relative to the print
media in 2 separate passes with each pass  activating a different drop
generator of the plurality of drop generators for  depositing ink to form
each print line and wherein the failure of one of the plurality  of
electrical conductors to provide the corresponding address select signal to
the  plurality of drop generators results in error that is uniformly spaced
by every 9 print  lines. 



8. An inkjet printhead 24 for use in an inkjet printing system 12, the
inkjet printhead  24 having a plurality of drop generators responsive to
address and primitive signals  for selectively depositing ink drops along
print lines that together form a print  swath as the inkjet printhead 24
moves relative to the print media in a scan  direction, the inkjet printing
system 12 having a multi-pass print-mode wherein the  inkjet printhead 24
is moved relative to print media along the scan direction more  than once
and wherein more than one of the plurality of drop generators activated to
deposit ink drops along the same print line in the print swath, the inkjet
printhead  24 comprising: a plurality of address contacts for receiving
address signals from the inkjet  printing system 12; 24 Replacement Sheet -
6 Feb 2004 a plurality of primitive contacts 26 for receiving primitive
signals from the  inkjet printing system 12; a plurality of primitive
conductors with each of the plurality of primitive  conductors electrically
connected between each of the plurality of  primitive contacts 26 and each
of a second plurality of drop generators; a plurality of address conductors
with each of the plurality of address  conductors electrically connected
between each of the plurality of address  contacts 26 and each of the
second plurality of drop generators, the  plurality of address conductors
connected to each of the second plurality  of drop generators so that each
of the plurality of address conductors is  connected to a different drop
generator within the second plurality of drop  generators; and wherein the
plurality of address conductors and the plurality of primitive  conductors
are connected to the plurality of drop generators to ensure that  each line
printed using drop generators connected to the same address  contact have a
fixed number of print lines therebetween. 9. The inkjet printhead 24 of
claim 8 wherein in the multi-pass mode the inkjet  printhead 24 is moved
relative to the print media in 6 separate passes with each  pass activating
a different drop generator of the plurality of drop generators for
depositing ink to form each print line and wherein each line printed using
the  same address contact has 2 print lines therebetween. 10. The inkjet
printhead 24 of claim 8 wherein in the multi-pass mode the inkjet
printhead 24 is moved relative to the print media in 2 separate passes with
each  



pass activating a different drop generator of the plurality of drop
generators for  depositing ink to form each print line and wherein each
line printed using the  same address contact has 2 print lines
therebetween. 11. The inkjet printhead 24 of claim 8 wherein the printhead
24 is a three color  printhead and wherein the plurality of address
contacts 26 is 18 and the plurality  of primitive contacts 26 is 24. 25
Replacement Sheet - 6 Feb 2004 12. An inkjet printhead 24 for use in an
inkjet printing system 12, the inkjet printhead  24 having a plurality of
drop generators responsive to address and primitive  signals for
selectively depositing ink drops along print lines that together form a
print swath as the inkjet printhead 24 moves relative to the print media in
a scan  direction, the inkjet printing system 12 having a multi-pass
print-mode wherein  the inkjet printhead 24 is moved relative print media
along the scan direction  more than once and wherein more than one of the
plurality of drop generators is  activated to deposit ink drops along the
same print line in the print swath, the  inkjet printhead 24 comprising: a
plurality of primitive conductors with each of the plurality of primitive
conductors electrically connected between each of the plurality of
primitive contacts 26 and each of a second plurality of drop generators; a
plurality of address conductors with each of the plurality of address
conductors electrically connected between each of the plurality of  address
contacts 26 and each of the second plurality of drop generators,  each of
the plurality of address conductors are connected to each of the  second
plurality of drop generators so that for a multi-pass printing  system 12
that makes use of P passes, a failure of a single address  conductor of the
plurality of address conductors results in at least (A/P)- 1 integer print
lines disposed between print lines that are affected by the  failure of the
single address conductor where A represents the number of  address
conductors in the plurality of address conductors. 13. The inkjet printhead
24 of claim 12 wherein the multipass printing system makes  use of 6 pass
print-mode and wherein the number address conductors associated  with the
printhead is 18 and wherein 2 print lines are disposed between print lines
that are affected by the failure of the single address conductor. 14. The
inkjet printhead 24 of claim 12 wherein the multipass printing system 12
makes use of 2 pass print-mode and wherein the number address conductors  



associated with the printhead 24 is 18 and wherein 8 print lines are
disposed  between print lines that are affected by the failure of the
single address conductor. 26 Replacement Sheet - 6 Feb 2004 15. A method
for reducing effects of drop generator failure for a printing system 12
having an inkjet printhead responsive to address and primitive signals for
selectively activating a plurality of drop generators for depositing ink on
media,  the printing system 12 having a scanning carriage for scanning the
inkjet  printhead 24 along a scan axis across media to accomplish printing,
the method  comprising: scanning the inkjet printhead in a multi-pass
print-mode wherein each line  printed along the scan axis is printed in a
plurality of scans of the inkjet  printhead and each scan of the plurality
of scans makes use of a different  drop generator selected from the
plurality of drop generators; and activating the address and primitive
signals to selectively activate the plurality  of drop generators to
uniformly distribute errors resulting from failure of  one of the address
and primitive signals from activating corresponding  drop generators so
that visual effects of this error is reduced. 16. The method for reducing
effects of drop generator failure for a printing system 12  of claim 15
wherein the plurality of scans is 6 scans and wherein the uniform
distribution of errors is providing 2 print lines between each print line
effected by  failure of one of the address and primitive signals. 17. The
method for reducing effects of drop generator failure for a printing system
12  of claim 15 wherein the multipass print-mode makes use of 6 pass
print-mode  and wherein the number address conductors associated with the
printhead 24 is  18 and wherein there are 2 lines print lines are disposed
between print lines that  are affected by the failure of the single address
conductor. 18. The method of claim 15 wherein the inkjet printhead 24 in
the multipass print- mode makes use of 2 pass print-mode and wherein the
number address  conductors associated with the printhead 24 is 18 and
wherein there are 8 lines  print lines are disposed between print lines
that are affected by the failure of the  single address conductor. 


