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(57 Abstract: An ik jer print Bead 4361 55 comrollable basad a beasi in pat on g namber of Bast control sigreds and p umber

of second eonool signals

Tl prit head ¢ 207 includes o prine head inegraed cienit chip 122)

having ink-heating resiswors far

generaling heat when activated, The priet head chip €227 alse has & switching <inenit far reveiving the first and seeend conirol
signaky. apul for selectively activaring the rexistors hy allowing electrical curent o (s thongh sslected nesisions bayed at least in

part on the first and second contrel sig

42 Inthe

ls. The switching circuit i nperable in either 3 Brst aperating mnde or 5 second aperating
made, whare g i3 squivalant 1o gL in the Srst operaring mode, and is cqus

lent 1.2 in the second aperating mode, where 1 3s twice

opurating mods, p is eguivalent t pl. and in the sceand operating mode, p is cquivalont 1o p2, where p2 is twice pl.
Thie prosdnet o0y | nnliplied by p1 is squivalent e ile pradnet al g2

Miplied by p2. The print hewd (200 lse ineludus on opemling

mnde selection circuit eonnected 1o the print head inegrated cirenit 200, The confguraton of the operaing mode saleciian circuir
determaines whether 1he switching circuil operates in the first operaling mode or second operating mode.
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(24)

WO 01/72523 PCTIUSOTGRER

DUAL-CONFIGURABLE PRINT HEAD ABDRESSING

FIELD OF THE INVENTION
The present invention is generzlly divecied to jnk jet priniers. Morc particularly,
the invention is dirested to an ink jet print head integrated circunit chip that supporis two
different drive schemes to provide two different levely of performance at two differsnt

printer costs.

BACKGROUND OF THE INVENTION

Ink jet printers form imeges on 2 print medivi by gjecting droplets of ink from
nozzles in o print head as the print head translates across the print medium. The nozzles
are generally arranged in one or more columns that are aligned orthogomal to the
direction of translation ef the print head. Ink is gjected from a selected nozzle when an
ink-heating resistor associated with the selected nozzle is activated based opt print control
signals.

Gonerally, m & three-dimensional nozzle addressing scheme, nozzle selection is
bazed upon a combination of three sets of control signals. These confrol signals are
typically carried from printer controlier electronics ie contacis on the print head by way
of a flexible wiring hamess. These signals sve carried from the print head contacts to the
print head integrated cireuit chip hy way of a tape automated bonding (TAB) circuit, with
each condrol sighal in the three sets of signals beiny carried by u separate metal conductor
in the TAB circuit. These metal conduetors in the TAB civouit and the comresponding
conductors in the flexible wiring harness represent a significant portion of the total cost
of an ink jet printer.

In the past, print head integrated cireuit designs have supported & single print
head drive scheme wiich provided a single print resolution and print speed 2s determined
by the layout of the infegrated cirenit chip. This Limits the usefulness of the chip design
to a narrow performancs range,

Since conventional print head intograted cirenit chip designs bave been limited io
a single drive sohems, the munber of control lincs that conncet the chip to the printer

elestronics have also besn limited ¢ a particular rumber. Thus, achieving a different
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prinier cost by changing the number of control lines hes in the pest required a completely
different print head chip design.

Therefore, a single print head integrated civonit chip that supperts more than one
cost/performance design point s needed.

SUMMARY OF THE INVENTION

The foregoing and oiher necds are met by an ink jet prnt head which is
controllable baged st Jeast in part on g number of first contrel signals and p number of
second control signals. The print head includes a print bead integrated circuit chip
having ink-heating resistors for gencrating heat when activated, The print head chip also
has a switching circuit for receiving the first and second control signals, and for
selectively activating (he ink-heating resisiors by allowing elecirical current to flow
through selected ink-heeting resistors based at least in part on the first and second conirol
signals. The switching eircuit is operable in either a fivst operating mode or & second
operaiing mode, where g i$ equivalent to ¢, in the first operating mede, and is equivalent
to ¢ in the second operating mede, and whete ¢y 18 greater than g». In a most preferred
embodiment, ¢1 is twice g». In the first oporating mode, p is equivalent te pi, and in the
sccond operating mode, p is equivalent to ps, where p is greater than p;, Most preferably
P2 is twice g1 In the most preferred cmbodiment, the product of ¢y multiplied by 1 in
the first operating mode is equivalent to the product of ¢, multiplied by pz in the second
operating mode. The print bead also includes an operating mode selection circuit
connected to flie print head integrated cirewit. The operating mode selection circuit
determines, based on a configuration of the operating mode selection circuit, whether the
switching circuit operates in the first operating mode or the second operating mode.

In the fixst operating mode, the print head requires four passes across a print
medivm to completely print an inage, while in the second eperating mode, the print head
requircs only two passes. Thus, a print head implemented according to the second
operating mode offers = higher performance design point. However, a print head
imoplemiented according to the first operating mode i3 less cxpensive to manufecture.
Therefore, the invention provides a single print bead integrated circuit chip which may be
vsed for iwo different cost/performance design points, the selection of which depends

upon the configuration of the eperating mode selection eirouit.
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BRIEF DESCRIPTION OF THE DRAWINGS

Further advantages of the invention will become apparent by reference to the
detailed deseription of preferred embodiments when considered in conjunction with the
drawings, which are not to scale, wherein like reference characters designate lilce or
similar elements throughout the several dravwings as follows:

Fig. 1 is a functional block diagram of an ok jet printer according to a prefé:red
embodiment of the invention;

Fig, 2 depicts an ink jet print bead according to 2 prefened embodiment of the
invention;

Figs. 3A and 3B depict TAB circuit condactor configarations according to a
preferred embodiment of the invention;

Figs. 4A and 4B depiet a configuration of ink-heating resistors oo o print head
chip according to a prefened erbodiment of the invention;

Figs. 3A-5H are schematic diagrams that collectively show ink-heating resistors
and resistar selection cirenitry on a print head chip according to a preferred embodiment
of the invention, and

Figs. tiA and 6B depict control signal iiming diagrams accerding to a prefered

erubodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Shown in Fig, 1 s » functional block diegram of an ink jet printer 10 for printing
an image 12 on a print medinm 14. The printer 10 inclndes & printer controller 16, such
ay & digital microprocessor, that receives image data fro a host computer (8. Generally,
the image data generated by the host computer 18 describes the inage 12 in a bit-map
format Such a format represents the image 12 as a collection of pixels, or piciure
elernenis, in a two-dimensional rectangalar coordinate syster, For each pixel, the image
data indicates the rectangular coordinates of the pixel on the print medium 14 and
whether the pizel is on or off (printed or not printed). Typically, the host computer 18
“casierizes” the image data by dividing the image 12 into horizontul rews of pixels,
stepping from pixel-lo-pizel across sach row, and writing cul the image data for cach

pixel according to each pixel’s order in the row.
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Based on the image data from the host compuier 18, the printer confroller 16
penerates print control signals. In the preferred three-dimensionnl addressing system of
the present invention, these control signals include first, second, and thizd contrel signals,
The first, seeond, and third control signals are also referred 1o berein 2s quad select
sigmals, address signals, and primitive signals.

As shown in Figs. | and 2, the printer 10 includes 2 print head 20 that receives the
print control signala fiom the printer cantroller 16. On the print head 20 is a thenmal ink
jot integrated circuit chip 22 covered by a nowzle plate. Within the nozzle plate are
norzles situated in a dusl-columnar nozzle amay. Based on the print control signals from
the printer controller 16, ink droplets are cjected trom selected nozzles to form dots on
the print reedium 14 corresponding to the pixels in the image 12, Ink iy sclectively
ejccted from a nozxle when a corresponding ink-heeting resistor on the chip 22 is
activated by the print control signals from the contraller 16.

‘With refercnce to Fig: 1, the printer 10 includes a print head scanning mechanism
24 for scanning the print head 20 across the print mediwn 14 in a scanning direction as
indicaied by the amow 26, Prefsrably, the print head scanning mechanism 24 consists of
a Garriage which slides honizentally on ofie or more rails, 2 belt aitached to the carriage,
and a motor that cngages the belt fo canse the carriage to move along the rails, The
motor is driven in response to the scan commands generatéd by the printer contreller 16,

The prinier 10 also inchudes a print medivm advance mechagism 28, Based on
print medivm advance commands peperated by the controller 16, the print medium
advance mechanism 28 causes the print medinm 14 to advance in a paper advance
direction, as indicated by the arrow 30, between consecutive scans of the print head Z(.
Thus, the image 12 is formed on the print medium 34 by printing muliiple adjacent
swaths as the print medium 14 is advanced in the advance direction between swaths. Ina
preferred embodiment of the invention, the print mediwn advance mechaniso 28 is a
stepper motor rotating & platen which is in contact with the print medium 12,

As shown in Fig. 1, the print control signals are preferably commrmicated to the
print head 20 by way of three sefs of control lines. Q. P, and A, included in a wiring
harness 31. A first set of control lincs (designated by Q) conmunicaie g mrmber of quad
select signals, a second sei of contra! lines (designated by A) commuricate » number of

acddvess signals, and a third set of control lincs (designated by P) communicate p number
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of primitive signals, As described in more detail herein, the values of ¢, », and p, and the
comresponding number of control lines in each sei depends upon the selected
performance/cost design point of the printer 0.

Attached to the print head 20 is a tape sutomated bonding (TAB) eircuit 32,
preferably formed on a flexible substrate of polyimide tape, The print head integrated
clrouit chip 22 is attached within a window of the TAR circuit 32, The flexil)e nature of
the TARB circuit 32 provides for bending the TAB circuit 32 around a comer 34 of the
print hiead 20, as shown in Fig. 2. Electrical conncction beiween the TAB circuii 32 and
the control lines Q, P, and A in the printer 10 is provided by a set of TAB contacts 36 on
the TAB circuit 32. Elestrical connection between the TAB contacts 36 and the chip 22
is provided by a set of conductors that are formed on the substrate material of the TAB
circuit 32. The position of the conductors s represented in Fig. 2 by the dotted oulline
region 38. Generally, there is a sepatate conductor clectrically comnecting each TAB
contact 36 to a corresponding eantact oft the chip 22. As described in more detail
bereinafter, the number of these conductors on the TAB circuit 32 sad in the wiring
harvess 31 depends upon the selected performance/cost design point of the printer 10.

Figs, 3A and 3B depict a preferred layout of the print head chip 22, Along the
two longest edges of the clip 22 are elestrical contacts 40 that provide connection points
for the conductors on the TAB circuit 32.  Preferably, these chip contacis 40 include gy
number of first electrical confacts, alse referred to herein as quad select contacts CQ1-
34, a mumber third electrical contacts, also referred to herein as of address contacts
CA1-CALD, and pa number of second clectricul contacts, also refered to herein as
primitive contacts CP1-CP16. In the preferred embodiment of the invention, g1 is four, 7
t4 tem, and py is sixteen. Preferably, an ink via 42 is situated near the center of the chip
22. On cither side of the ink via 42 are chip regions 44a and 44b in which are Incated the
ink-heating resistors and selection logie devices.

Fig, 3A farther depicts a configuration of conducters connected to the contacts 40
to implement a first operating made of the printer 10, and the Fig. 3B further depicis a
confipuration of copductors connected o the comtacts 40 to implement a second
operating mwode, These conductors on the TAB circuit 32 compeise an operating mods
selection aircuit, the configuration. of which determines the operating mode in which the

print head chip 22 wilt function and the performance/cost point of the printer 10.

3

JP 2004-500999 A 2004.1.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

n

(29)

WO 01/72523 PCTIUSOTGRER

Possible configurations of these conductors, and their effect on the operation of the
printer 10, are deseribed in more detail hereinafter.

The preferced emboediment of the invention inchydes three-mmdred-twenty (320}
ink-heating resistors R1-R320. As depicted m Fig. 4, the remistors RI-R320 are
preferably thin-film resistors arranged on the chip 22 in two main columns 46a and 46b,
with each column 46a and 46t baving eight sets of twenty resistors per set. Fig. 4A
depicts the bottorn half and Fig. 4B depicts the top balf of the colwnns 46z and 46b. The
coloron 46, which incindes the vesistors R1-R160, iz disposed within the region 44a (see
Figs. 3A-B), and the column 46k, which inclndes the resistors RI61L-R320, is disposed
within the region 44b. Preferably, the column 46a is vertically offset from the colurnn
46h by one-half the vertical spacing between resistors. In the prefermed embodiment, this
vertical offset is '/ inch.

The sixteen sets of resistors are each divided into two horizontally-scparated sub-
columus, with ton resistors in each sub-colurun,  In the preferred embodiment, the
harizontal offsct between sub-columns within a set by Yo inh. Proferably, the ten
resistors within each sub-cofumn are vertically aliyned and separated by Y15 inch. As
shown in Figs, 4A and 4B, the two sub-columns within each set are vertically offset from
one another by one-half the spacing between heaters within 2 sub—olomn,  In the
preferred embodiment, this vertical offset is Y0 inch,

Preferably, vertically-adjacent sets are horizontally offset from one another by
twice the horizontal spacing between sub-columns. In the preferred embodiment, this
horizontal offset is "y inch. Thus, as shown in Figs. 44 and 4B, alternating sets withic
each columzn 462 and 46h are verticaily aligned.

Figs. 5A-5H collectively depict & schematic diagram of the preferred embodiment
of circuitry on the print head chip 22. This circuifty meledes the ink-heating resistors
R1-R320 and switching circuits which provide tor selection. and sctivation. of individual
resistors R1-R320 hased on the quad sclect signals on the quad select sipnal lines Q1-Q4,
address signals on the address signal lines A1-A10, and primitive signals oo the primitive
signal lines P1-P15, The switching circuits include first, second, and third switching
devices, also referred fo hergin as pass-gate devices PG1-PG320, power driver devices
D$1-D320, and pull-down devices PD1-FD320, respectively. Preferably, the pass-gate
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devices PGL-PG320 and the pull-down devices PD1-PD320 are JFETs, and the power
driver devices D1-Dx320 are NMOS power transisfors.

Fach of the ink-hesating resiztors R1-R320 has a high side thai is connected to one
of the primitive signal lines PI-P16 and a low side that is connected o a second high-
side input, preferably the drain, of an assoctaied one of the power driver devices D1-
D320. Each of the power driver devices D1-D320 bas a second low-side output,
preferably the source, which is connected to a comunon grovnd return. The gate of each
of the power driver devices D1-D320 serves as a second conizol input. In the preferred
embodiment, when a control signal on the gate of a power driver D1-12320 is high, the
power driver D1-D326 is “on®, acting like a closed switch, Thus, when a power driver
D1-D320 is “on®, the Jow side of the associated ink-heating resistor R1-R320 is
grounded.  When the primitive signal goes high on the associated one of the primitive
signal fines PL-PI16 while the associated powoer driver D1-D320 is “on”, vurzent flows
through the associated ink-heating resistor Ri-R320. This current causcs the resistor R1-
R320 to dissipate enerpy in the form. of heat that is transferred to ink that is adjacent the
surface of the resistor R1-R320.

Whether the gate of a power driver D1-D320 is high, and thus whether the power
driver D1-D320 is "on™, depends on the states of the quad select signal on the associated
quad select yignal line Q1-Q4 and the address signal on the associated address signal line
Al-AL0. As shown in Figs. 5A-5H, one of the quad sclect signal lines Q1-Qf is
canneeted to a first control input, preferably the gate, of =ach of the pass-gate devices
PG1-FG3I20, When the quad select signal on the gate is high, the pags-gate device 3 1-
PG320 is “on” and thus acts Iike 2 closed switch, One of the address lines Al-Al0 is
connected to a first high-side input, preferably the drain, of each of the pass-gate devices
PGI-PG320. The pass-gate devices PG1-PG320 each have a first Jow-side ouiput,
preferably the source, fhat is connected o the gate of the associated power driver DI-
D320. When a pass-gate device PGL-PG320 is “on” (quad select signal is high), the
address signal on the drain of the pass-gate device PG1-PGI2{ passes to the gat of the
assoviuted power driver DI-D320. Therefore, in the prefemed embodiment, when the
quad select sigoal at the gate and the address signal at the drain of a pass-gate device
PG1-PG320 are bath high, the assooiated power driver D1-D320 is “on™
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As skown in Figs, SA-5H, associated with each power driver DT-D320 js a pull-
down device PD1-PD320. The higi-side input, preferably the drain, of each pull-down
device PD1-PD320 is connected o the gate of a cortesponding power driver D1-D320,
and the low-side ontput, preferably the source, of each puli-down device PD1-PI¥320 is
connected to the common ground return. Thus, when a pufl-down device FD1-FD320 is
“pn, the gate of the corresponding power driver D1-D320 is grounded.  Therefore, when
a pull-down device PD1-PD320 is “on”, the comresponding power driver DI1-D320 is
“off*, The purpose and function of the pull-down devices PD1-PD320 according fe one
of the operational modes of the print head chip 22 is described in more detait hereinafter.

As shown in Fig. 54, the tesistors R1-R20 are connected to the primitive line P1,
and the resistors R161-R180 are connected to the primitive line P2, For convenience of
tiscussion, all of the devices that are connected to the primitive line P1 are referred o as
a firsi primitive group, and all of the devices that are comnected to the primitive fine P2
are referred 1o as a second primitive gronp. The primitive lines P and P2 are connected
to the primitive contacts CI'1 and CP2, yespectively.

The gates of the cdd-numbered pass-gate devices PG1-PG19 and PG161-PG179

are connected to the quad select line Q1, and the gates of the even-tumbered pass-gate ‘

devices PG2-PG2D and PG162-PGI80 are connected to the quad select Ime Q2. For
convenience of digenssion, all of the devices that are connected to the guad select line Q1
are referred to as a fest quad group, and all of the devices that are connected to the quad
select tine (12 are referved to as a second quad group.

The gates of the odd-nunbered pull-down devices PDI-FG19 and PDG1-PGI79
are copnected to the pull-down signal line QZF, und the gates of the even-nambered puli-
down devices PD2-PD2§ and PDIG2-PD180 are connected o the pull-down signal line
Q1.

As shown in Fig. 5B, the resisiors R21-R40 are conmected to the primitive line
P3, and the resistors R181-R200 are connected to the primitive fine P4. For convenience
of discussion, afl of the deviees that are connected tu the primiiive line P3 arc referred to
as a third primitive group, and all of the devices that are connected to the primitive line
P4 are refored to as a fourth primitive group. The primitive lines P3 and P4 are
coomected to the primitive contacts CP3 and CP4, respeotively.
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The gates of the odd-pumbered pass-gate devices PG21-PG3% and PG181-PGIS2
are connected to the quad select line Q3, and the gates of the even-numbered pass-gate
devices PG22-PG40 and PG182-PG200 are connected e the quad select hne Q4. For
cenvenience of diseussion, all of the devices that are connected to the quad select line Q3
are refoered to as a third quad group, and a1l of the devices that are connected fo the quad
select line (4 are referred to as a fourth quad group.

The gates of the odd-numbered pull-down devices PD21-PG39 and PD181-
PG199 arc connccted to the pull-down signal line Q4P, and the gates of the even-
numbered pull-down devices PD22-PD40 and PD182-PD200 are connected to the pull-
down signal line Q3P.

Preferably, cach of the ten address lines Al-Al10 in the address bus A is
comneeted to the drain of one odd-numbered and one even-mumbered pass-gate device in
cach primitive group,

The pattern of device connections shown in Figs, 5A. and 5B, and described
above, continue for the remaining primitive groups, as depicted in Figs. 5C-5H, For each
of the remazining prinutive groups, the primitive lines P5-Pi6 are connected to the
primitive contacts CP5-CPL6, respectively, As shown in Figs. 5G and 5H, the quad
select signal lincs Q1-Q4 are cotinected to the quad select contacts CQ1-CQA, the pull-
down signal lines QIP-Q4P are connected to the pull-dowu contacts CQIP-CQ4P, and
the address sigoal lines A 1-A10 are conpected to the address contacts CA1-CALO.

Tables I, IL, I, and IV below corrclate resistor mumbers to quad select, primitive,
and address signal lines.

Table L.

o

Al A2 A3 Ad AS Ab A7 A8 A9 | ALO

Pl jte} RIS RS R3 | R17 [ RI1 R5 | Ri% | R13 R7

P2 | R161 | R175 | R169 | R163 | R177 | R171 | R165 | RI79 | R173 | R167

P3 R41 | R55 | R49 | R43 | R57 | R51 | R45 | R59 | R53 | R4Y
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P6 | R201 [ R215 | R209 | R203 | R217 | R211 | R205 | R219 | R213 | R207
} P9 | RBI | R95 | R8% | RS3 | R97 [ R9} | R85 | R9O | R93 | RE7
P1) | R241 : R255 | R249 | R243 | R257 | R251 { R245 | R259 | R233 1124’?4
P13 | R121 | R135 | R129 | K123 | R137 [ R131 | RI25 | R139 | R133 | R127
P14 | R281 | R295 # R289 | R283 | R297 | R291 | R285 | R299 | R293 | R287
Table IL
Q2
Al A2 A3 Ad | A5 | A6 | AT | AS | A9 | ALD
]
Pl R2 | Rib ;‘ RIG | R4 | RIS | RIZ | Ré | R20 | R14 | R3
r ‘ R162 ;;76 ; RI70 | Ri64 | R178 | R172 | R166 | RI8Q | R174 | R168
P5 W\ R4Z | R56 ; RS0 | R44 | R38 | R52 | R46 | RGO | R34 | R4B
P6 | R202 | R216 ! R210 | R204 | R218 | R212 | R204 | R220 § R214 | R208
P9 [ RS2 | 196 | R90 | R84 | R98 | R9Z | R86 | RIO0 | R94 | R38
P10 | R242 | R256 | R250 | B244 | R258 | R252 | R246 | R260 | E154 | R248
P13 | RI2Z | R136 | R130 | R124 | Ri38 | RI32 | R126 | R140 | R134 | R128
P14 | R282 | R296 | R290 | R284 | R298 | R202 | R286 | R300 | R2594 | R288
|
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Table 1T,

111

T

At A2 ’VAS Ad | AS Ab A7 AR A9 | AlD

3 R21 | R35 | R25 | R25 | R37 | R31 | R25 | R3® | R33 | R27
|

P4 | RI8I | R195 | R189 | RI83 | R197 [ R191 | R185 | R199 | R193 | RIS7

7 R61 | R75 | R69 | Re3 | R77 | R71 | R65 | R79 | R73 | R&7

P& | R221 | R235 | R229 : R223 | R237 | R231 | R225 | R239 | R233 | R227

P11 [ R101 | R115 | R109 | R103 | R117 | R111{ R105 | RIT9 : RI13 | RIO7

P12 | R261 | B275 | R269 | R263 | R277 | R27t | R265 | R2T79 | R273 | R267

P15 | R141 | R155 | K149 | R143 ,‘RIST RIS1 | R143 RISQIR[SS R147

¢ .
P1a | R301 | R315 | R30D R303|R3[7 R3i1 | R305 | R319 | R313 ; R307

Table IV.

Q4

Al A2 A3 Ad AS A6 AT A A | AID

P& | R22 | R36 | R30 | R24 | R38 | R32 | R26 | R40 | R3d | R25

P4 | RI82 | R196 | R190 | R184 | R198 | R192 | R186 | R200 | R194 | R188

P7 R62 | R76 | R70 | R64 | R78 | R72 § Rab | R80 | R74 | Rod

11



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

in

(35)

WO 01/72523 PCTIUSOTGRER

ps |m2zz | R23s [ R230 | m2Z4 R23ﬂ RZ32 | R226 | R240 | R234 | R228

P11 | RICZ | R1i6 | R110 | R104 | R118 | R1I2 [ R106 | R120 | R114 ; R108

P12 | R262 | R276 | R270 | R264 | R278 | R27Z | R266 | R280 [ R274 | R268
|

P15 | Ri42 | RISE | RI30 R144[R158 R132 R145]R160 R154 | R148

P16 | R302 | R316 | R310 I{304[R318 BHiZiRBOﬁfRﬁBZO K314 [ R308

As indicated by Figs. 5A-5H, sach of fhe sixteen ( po} primitive groups of twenty
(g2 x » = 2 x 10} ink-heafing resistors is connected to a distinct ene of the sixieen
primitive lines LF1-LP16, which are brought out to sixteen comesponding primitive
contacts CP1-CP1& on the chip 22. Thus, sach of the sixteen primirive groups on the
chip 22 is mdependently addressable by a primitive signal fiom the printer conirolier 16.
Similarly, each of the four ( g) quad select groups of eighty (p) x » =8 x 10) ink-hecating
resistors is connected to a distinct one of the four quad seleet lines LG 1-1Q4, which are
brought out to four comrcsponding quad select contacis CQ1-CO4 on the chip 22,
‘Therefore, each of the fowr quad sclect groups on the chip 22 is independently
addressable by a quad select signal from the printer controlley 16. In other words, each
primitive grovp on the <hip 22 may be addressed independently of any other primitive
group, and each quad select group may be addressed independently of any other quad
select group.

One skalled in the ari will appreciate, that the chip 22 provides more
mdepepdenily-addressable primitive groups and quad selcct groups than are necessary o
address 320 resistors, [n fact, 640 resistors could be addressed with the sixteen primitive
lines, fow quad seleet lines, and ten address lines provided on the chip 22. However, as
described in groater defail below, these extra signal lines are provided so that {he printer
10 may be manufactured to operate at either one of two different cosi/performance design
points using a single print head chip design.

Referring again to Fig. 3A, a first configuration of conduciors on the TAB circuit
32 i5 shown for selecting the first operating mode of the prini head chip 22. In this first
configuretion, quad select conductors LQ1, LG2, LO3, end LQA on the TAB circuit 32
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are connected to the corresponding quad select contacts CQI, CQ2, €03, and CQ4 on
the chip 22, primitive conductors LP3, LP4, LF7, LF8, LP11, LPi2, LP15, and LPi6 on
the TAB circiit 32 arc comnected to the corresponding primitive contacts CP3, CP4,
CP7, CPB, CP1L, CP12, CP1S, and CP16 on the chip 272, and addrase conductors LAT-
LA10 on the TAB circuit 32 are connected to the corresponding address contacts CAl-
CAL0 on the chip 22, Pull-dowr jumper conductors JQ1P, JQ2P, JQ3T, and JQ4P on
the TAB circuit 32 short the quad select conductors LQ1, LQ2, LO3, and LQA to the
corregponding pull-down contacts CQIP, CQ2P, CQ3P, and COQA4P or the chip 22.
Primitive fumper conductors TPI, JP2, JPS, IP6, IP9, JP10, JP13, and JP14 on the TAB
circuit 32 short the primitive contacts CP1, CP2, CP5, CP6, CP9, CP10, CP13, and CP14
to the primitive condectors LP3, LP4, LP7, LPS, LPI1, LI'12, LP15, and LPIG,
respectively.

Thus, the conbguration of TAS circuit conductors shown in Fig 34 shorls
primilive signal Hoes P1 o P3, 2 to P4, P5 to P7, PG to P8, P9 to P11, P10 to P12, P13
to Pi5, and P14 to I'16, In this manner, the ourber of independently-addressable
primitive groups is reduced from sixteen to eight, with forty {g1 x # = 4 = 10) of the ink-
heating resistors R1-R320 in each of the eight primitive groups. This provides an
addressing scheme of eight primitive signals (p = py = 8), four quad select signals (g = ¢
= 4), and ten address signals {n = 10), for a total of twenty-two control signals that must
be communicated from the printer controller 16 to fhe chip 22.  Thus, in the first
implementation of the TAB cirewit 32, only twenfy-two control signal conductots are
aceded in the wiring harness 31 and only twenty-two comirel sigmal conlacts 36 are
needed on the TAB sircait 32. Therefore, this first implemeatation significantly reduces
the cost of the printer 16,

Fig. 6A i3 a timing diagram depicting the preferred signal timing scheme when
the print head chip 22 is addressed in the frst operating mede. As shown in Fig. 64, the
quad selest signals on the quad select lines 01-04 are high during sequential quad select
windows 45a-46d.  Preferably, each quad sclect window d46a-46d endores for
approximately 31.245 ps. During each quad select window 46e-45d, each of the address
signals on the address lines A1-A10 go high within sequential address windows 48 of
approximately 2.6 s duration. During any address window 48, the printer controller 16
may drive any or 2ll of the primitive signals high on the eight primitive lings P1, P2, P5,

13
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Po, P9, P10, P13, and P14 a8 detormined by the image data. Thus, in this first operzting
mode, there are forty (g1 x # = 4 x 10} groups of resistors that are cnabled sequentially as
the print head 20 scans across the print medium 14, and the cight {, = 8) resistors in any
one of these forty groups may be activated simultaneously when the group is enabled.

Since the quad select sipnal conductor LQ! on the TAB cironif 32 is shorted to
the pull-down contact CQLP, the gates of all of the even-numbered pull-down devices
PD2-PD20 and PD162-PD180 are high during the quad sclect window 46a. Thus, the
power drivers PD2-PD20 and PD162-PT2180 in the second quad group are “off” during
the quad select window 46a, Also, since the quad select signal conductor L(Q2 on the
TAB circrit 32 is shorted to the puli-down contact CQ2P, the gates of all of the odd-
numhered pull-down devices PD1-PD19 and PD161-PD179 are high during the guad
select window 46b. Thus, the power drivers PDi-PD19 and PD161-PD179 in the tirst
quad group are “off” during the quad select window 46b. Although not shown in the
schematic, Q1 and Q2 may be connected to additional pull down devices such that the
power devices PD21-PD40 and PTX181-PD200 are “off” during quad select windows 46a
and 46b. Similarly, because the guad select signal conducior LQ3 is shoried to the pull-
down contact CQAP, the gates of all of the even-numbered pull-down devices PD22-
PD40 and PD1E2-PD200 are high during the quad select window 46c. Thus, the power
drivers PD22-PD40 and FD182-FD200 ig the third quad group ave “off” during the quad
select window 46c. Further, since the quad select signal conductor LQ4 is shorted to-the
pull-down contact CQ4P, the gates of all of the odd-nurobered pull-down devices FD21-
PD3% and PD1$1-PD199 are high during the quad select window 46d4. Thus, the power
drivers PD21-PD39 and PD181-PD19Y in the fourth quad group are “off* during the
quad select window 464, Although not shown i the schematic, Q3 and (4 may be
connested to additional pull down devices such that the power devices PD1-PD20 and
PD161-PD18O are “off” during quad select windows 46¢ and 46d.

The signal trapsitions shown in Fig. 6A ocour as the print head scamming
mechanism 24 scans the print head 20 across the print medivm 14 from right to lefi. As
the print head 20 scans from left fo right, the order of the quad select window iransitions
is reversed: first (4 is high, thon Q3, G2, and Q1. In the preferred embodiment of the
invention, the scan speed of the print head 20 in the first operating mode is
approximately 26,67 inch/second, Thus, during one address window 48, the print head

14
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26 travels approximately 6.93 x 10 inch in the scan direction, During ene quad select
window 46a-46d, the print hesd 20 travels approximately 8.33 x 10 (/300) inch. This
means thef the print heud 20 travels ‘J‘]Quu {}a39 } inch duripg the time reguired to address
all of the resistors R1-R320.

Preferably, in the first operating mode, the ink droplets arc depesited on the print
medium 14 in a checkerboard patiern to allow for the fastest possible drying of the ink.
Preferably, the invention uses two ink dropleis to fill 2 Yo mch diameter spot on the
print medinm 14. This {s referred to as a four-pass implementation, since four passes of
the print head 20 across the print medium 14 are required to fill 2ll possible print
positions in a print swath.

Shown in Fig. 3B i3 a second configuration of conductors on the TAB circuit 32
for imnplementing the second operating mode of the print head chip 22, In this second
configuration, the quad select conductors LQ1 and LQ2 on the TAB circuit 32 are
comnected to the comesponding quad select contacts COQ1 and CQ2 on the chip 22, the
primilive conductors LPL-LPLS on the TAB crewt 32 are comected to the
corresponding primitive contacts CP1-CFi6 on the chip 22, and the address conductors
LAI-LALC on the TAB circuit 32 are conmected io the comespording address contscts
CAL-CA10 on the chip 22, The pull-down contacts CQILP, CQ2P, CQ3P, and CQ4F on
the chip 22 are cormeeted to the comumen ground retum. Quad select jrenper conductors
J()3 and JQ4 on the TAB circuit 32 short the quad select contacts €3 and CQ4 to the
guad select conductors LOH and LQ2, respectively,

Thus, the contiguration of TAB circuit conductors shown in Fig. 3B shorts quad.
select signal lines Q1 to Q3 and Q2 t0 Q4. In this menner, the number of independenily-
addvressable quad select groups ig reduced from four to two, with 160 (p2x =16 x 10)
of the ink-heating resistors R1-R326 in each of the cight quad select proups.  This
provides an addressing scheme of sixteen primitive signals (p = p2 = 16), two quad select
signals {q = gz = 2), and ten uddress signals (r = 10}, for a total of twenty-eight conirol
signals communicated from the printer controller 16 to the chip 22.

Fig. 68 is a timing diegram depicting the preferred signel timing scheme when
the print head chip 22 is addressed in the second aperating mode. As shown in Fig. 6B,
the quad select signals on the quad select lines O and Q3 are high simulianegusly during

quad gelect windows 502 Subsequently, the quad selest signals on the quad select lines
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(2 and Q4 are high siﬁmltaneous]y duting quad select windows 50b, Preterably, each
quad select window 50a-50b endures for approximately 41.67 ps. During each quad
select window 50a-50b, sach of the addsess signals on the address lines AL-A10 go high
within scquential address windows 52 of approximately 3.47 ps duration, Puring aoy
address window 32, the printer controller 16 may drive any or all of the primitive sipnals
high oo the sizteen primitive lines P1-P16 as determined by the image data. Thus, in this
second operating mode, there are twenty {ga x # = 2 X 10) groups of resistors that are
enabled sequentisily as the print head 20 scans across the print medivm 14, and the
sixteen regisiors in any one of these twenty groups may be activated siultaneously when
the group is enahled.

In the preferred embodiment of the invention, the scan speed of the print bead 20
in the second operating mode is approximately 20.0 inch/sceond. Thus, during one
address window 52, the print head 20 travels approximately 6.93 x 10" inch in the scen
direction. During one quad select window 50a-50b in the second operating mode, the
print head 12 travels approximately the same distamce (/1300 inch) as during ape quad
sclect window 46a-46d in the first operating mode. However, in the second operating
mede, all of the resistors K1-R320 may be addressed in, during the time reguired for the
prini head 20 o travels Y1200 (0r Yep0 ) inch. Thus, the second operating mode requires
only two passes of the print head 20 across the print medium 14 to fil) il possible print
povitions in a print swath, Thercfore, the invention operating in the second operating
mode prints much faster than when operating in the first mode. Haowever, the second
implementation is more expensive to mamfzcture dus to the Jarger munber of primitive
lines P1-P16.

Tt is contemplated, and will be apparent to those skilled in the art from the
preceding description and the accompanying drawings thut modifications and/or changes
miy be made in the embodiments of the invention. Accordingly, it is expressly intended
that the foregoing description and fhe accompanying drawings are illustrative of prefetred
ambodiments only, not limiting thereto, and that the true spitit @d geope of the present

imveniton be determined by reference to the appended clains.
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CLAIMS

1 An ink jet print head for use in an ink jel printing device, the print head
controliable based at lcast in part on ¢ number of first control signals and p number of
second control signals, the print head comprising:

a print head integrated circuit chip having:

ink-heating resistors for generating heat when activated; and
a switching circuit for recetving the first and second contrel signals, and
for selectively activating the ink-heating resistors by allowing electrical current to flow
through selected ink-heating resistors based at least in part on the first and second conirol
signaly, the switching circuit operable in either 2 first operating mode or a second
aperating mode,
where ¢ is equivalent to ¢ in the fitst operating mode,
where g is equivalent to g; in the second operating mode,
where g; is equivalent 1o twice gz,
where g is equivalent to py in the first operating mode,
where p 1s egjuivalent to ps in the second operating mode,
where p1 is equivalent io twice py, and
where the product of ¢ multiplied by p; in the first operating
mode is equivalent to the produet of 4 soltiplicd by pa in the second operating mode;
and

operating mode selection means connectad to the print head jntegrated eircuit for

determining, based on a configuration of the operating mode selection means, whether

the switching circuit operates in the first operaiing moede or the second operating mede.

2. The ink jet print head of claim 1 further controllable based at least in part
on # number of third conirol signals, wherein the print head integrated circuit chip further
comprises:

at least ¢; multiplied by py multiplied by » number of the ink-heating resistors;

and
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the switching circuit further for receiving the third conirol signals, and for
sclectively activating the ink-besting resistors by allowing clectrival curent to flow
through sslected ink-heating resistors based at least in part on the third control signals,

where the valuc of » in the first operating mede is equivalent fo the value of » in

the second operating mode.

3. The inic jet print head of claim 2 wherein:

the ink-heating resistors further comprise ¢ x 7 number of groups of ink-heating
resistors, each group including g number of ink-heating resistors that mey be
simultaneously activated; and

the switchmg circuit is operable in the first operating mode to sequentially enable
activation of each of the g; x a number of groups based on the first and third control
signals, and for activating any cne of the ink-beating resistors within an enabled group

based on the second control signal.

4, The ink jet print head of claim 2 wherein:

the ink-heating resistors firther comprise ¢y % # number of groups of ink-heating
resistors, each proup including p; number of ink-heating resisiors that may be
simuitaneously activated; and

the switching circuit is operable in the second operating mode to sequentially
enahle activation of each of the g x # number of groups based on the fist and third
control signals, and for activating any one of the jnk-hesting resistors within en enabled

group based on the second control signal,

5. The itk jet print head of claim 2, wherein the switching circuit further
comprises:
4 number of first electrical contaets for receiving the first control signals;
1+ number of second elecixical contacts for receiving the second confrel
sigmals; and
7 maznber of third electrical contacts for recejving the third control signals,

6. The ink jet print head of claim 5, wherein the operating mode sefection

means further comprise an interconvection circuit for providing electrical connections
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between the ink jet printing device ad the switching circuit on the print head infegrated
circuit, the fnterconnection circuit having:

first conductive lines for providing electrical connection between the ink jet
printing device and at least some of first elecirical contacts;

second conductive Hines for providing electrical connection between the fnk jet
printing device and at least some of the second slectrical contacts;

Jjuniper lines for shoriing some of the second electrical contacts iogether in the
first operating mode; and

at Teast n number of third conductive lines for providing eleetrical connection

between the ick joi printing device and the at [sast 2 nunber of third electrical contacts,

7. The ink jet print head of claim 3, wherein the operaiing mode selection
means farther comprise an interconneciion cirenit for providing electrical connections
between the ink jet printing device and the switching circuit on the print head integrated
circuit, the interconnection circuit having;

first conductive lines for providing electrical connection between the ink jet
privding device and at least some of first electrical contacts;

second conductive lines for providing electrical connection between the ink jet
printing device and at least some of the second clectrical contacts;

juraper lines for shorting some of the first electrical cootacts together m the
second operating mode; and

at least » mumber of third conductive lines for providing electrcal connection

betwesn the ink jet printing device and the at least » number of third cleetrical contacts.

8 The ink jet print head of claim 6, wherein the inferconnection circoit
further comprises:

at least g; number of the first conductive lines for providing electrical connection
between the ink jet printing device and the 2t least ¢, number of the first electrical
contacts;

st least p; number of the second conductive lines for providing electricai
connection between, e ink jet printing device and a first half of the gy number of the

second electrice] contacis; and
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at feast p) number of the jumper lines for shorting the at least py number of the

zecond conductive lines io a second half of the p number of the second electrical

contacts.
9. The ink jet print head of claim 7, wherein the interconnection cireuit
further comprises:

at lesst pz number of the second conduciive lines for providing electrical
connection between the ink jet printing device and the at least p; number of the first
clectrical contacts;

at least g2 number of the first conductive Tines for providing clectrical connection
hetween the ink jet printing device and « first half of the gy number of the fixsi electrical
contacks; and

at least gz number of the jurper Jings for shorting at least ¢ number of the first
conductive lines to a second half of the g, number of the first electtical contacts.

10,  The ipk jet print head of claim 6, wherein the intercennection civeuit
furtber comprises a flexible tape automated bonding (TAB) oircuit, and the first, second,
third, and jumper conductive lines firther comprise conductive metal traces in the TAB

circuit.

[{,  The ink jet print head of claim 7, wherein the inferconnection civeuit
further comprises a fiexible tape automated bonding (TAB) circuit, and the fivst, second,
third, and jumper conductive lines further comprise conductive metal traces in the TAB

cireuit.

12, Theink jei pring head of claim 2, where 4 is four, 51 is eight, and # is ten
in the first operating mode.

13.  The ink jet print head of claim 2, where g2 is two, s 18 sixteen, and » is

ten. in the second operating mode.

14,  ‘The ink jet print hoad of claim 5 fwther comprising:
at lenst g, multiplied by pr multiplied by » number of the ink-heating resistors,
each ink-heating resistor having a bigh side for recciving one of the second control
signals, and & low side; and
26
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thie switching circuit having:

at lepst ¢ multiplied by p wultiplicd by # number of {irst switching
devices, each first switching device associated with a comresponding one of the jnk-
heating resistors, cach Hist switching device having a first control input for receiving one
of the first control signals, a first high-side input for receiving one of the third confrol
signals, and a first low-side output; and

at least g; multiplied by py multiplied by 7 oumber of second switching
devices, each second swiiching device associated with 2 comresponding ope of the first
switching devices and assvciated with a corresponding one of the ink-heating resistors,
each second switching device having a second high-side input cermected to the low side
of an associated ink-heating resistor, a second contro! input connected to the first low-
side ontput of an associated first switching device, and a second low-side ouiput

connected 10 & common ground return.

15, The ink jet print head of claim 14 whereia:

the first switching devices are field effect transistors having a first gate, a st
source, end a first drain, the first gate being the first contro} input, the first drain being
the first high-side input, and the first souzce being the first low-side output; and

the second switching devices are power field effect transistors having a second
gate, a second sowrce, and a second drain, the second gate being the second control input,
the second draimn being the second bigh-side input, and the second source being the

second low-side owtput.

16.  The ink jet priot head of claim 15 wherein any one of the ink-heating
resistors is activated by an electiical current flowing through the resistor when the first
control signal is hiph on the first gate of the cotresponding first switching device, the
second control signal is high, on the high side of the resistor, end the third control signal
is high on the first drain of the first switching device.

17.  The ink jet print head of claim 6 wherein the print head integrated circuit
frther comprises:
g1 number of selest groups of ink-heating resistors corresponding o the g

number of first clectrical contacts, each select group consigting of p1 % » pumber of ink-
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heating resistors, each select group heing independently addressable by one of the g,
number of first control signals; and

pz oumber of primitive groups coresponding 1o the pr number of second
electrical contacts, each primitive group consisting of g x # number of ink-heating
resistors, each primitive group being independently addressable by onc at the p; number

ot secend contral signals.

16.  The ink jet print head of claim 15 wherein the operating mode selection
means have py number of juroper conductors when in the first operating mode for
shorting a first half of the p2 number of the second elecirical contacts to a second half of
the p; rumber of the second electrical contacts, thereby reducing the mumber of primitive
groups to py and inereasing the number of ink-heating resistors in each of the primitive
groups to q) & &, each of the p; pumber of primitive groups being independenily
addressable by py number of the second control signals.

17.  The ink jet print head of claim 15 wherein the operating mode sclection
means have g, number of jumper conductors when in the second operating mode for
shorting a first half of the g, number of the first electrical contacts 1o a second half of the
4, number of the first electrical confacts, thereby reducing the nurber of select groups to
42 and increasing the number of ink-heating resistors in each of the sclect groups to pa x
n, each of the g; number of gelect groups heing independently addressabic by g2 number

of the first control signals.

18.  Axn irk jet print head for wse I an fnk jet printing devics, the print head
controllable based at least in part or g mumber of first control signala and 2 number of
second comirol siguals, the print head comprising;

a print head iniegrated cixouit chip having:

ink-heating resistors for generating heat when activated; and

2 switching cireuit for receiving the first and second control signalg, and
for selcetively activating the ink-heating resistors by sllowing electrical current to fow
through selected ink-heating resistors based at least in part on the first and second control
signals, the switching circuit operable in either a first operating mode or a second

operating roode,
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where g is equivalent to g in the first operating mode,
where g s equivalent to ¢y in the secend operating mede,
where ¢ is greater than gz,
where p is equivalent to p; in the first operating mode,
where p is equivalent to f in the second operatiag mode, and
whese p; is greaier than py; end
operating wode seleotion means connected to the print head integrated circuit for
determining, bascd on & configuration of the operating mode selection means, whether

the switching cironit operates in the first operating mode or the second operating mode,
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