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BACKGROUND OF THE INVENTION
This invention relates generally to thermal
inkjét printing. More particularly, this invention
relates to a novel printhead design for increasing the

- number of inkjet nozzles on the printhead while minimizing

the number of electrical interconnections between the
printer and printhead. The term "printhead" as used
herein includes an ink source as well as an ink drop
generating mechanism attached to the source and is also
known as a cartridge or pen. '

Print quality and throughput are important
objectives in the design of thermal inkjet printers.

Print quality is a function of, among other things, the
distance between the inkjet nozzles on the printhead.
Higher print quality produces crisper output and more
colors through better dithering. Throughput is a function
of the width of the printed swath. The wider the swath,
the fewer passes the printhead must to print a page.

Both of these objectives can be met by increasing
the number of inkjet nozzles on the printhead. By placing
nozzles closer together, the print quality can be
improved. By placing more nozzles on the printhead, the
width of the printing. swath is increased. However, adding
nozzles requires adding associated drivers, which comprise
heater resistors, control logic and power and control
interconnections. These interconnections are flexible
wires or equivalent conductors that electrically connect
the drivers on the printhead to printhead interface
circuitry in the printer. They may be contained in a
ribbon cable that connects on one end to control circuitry
within the printer and on the other end to driver
circuitry on the printhead.

Interconnections are a majcr source of cost in
printer design, and adding them to increase the number of
drivers increases the cost. Interconnections also affect
the reliability of the printer, with more interconnections
increasing the_iikelihood that the printer will fail.
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number of interconnections per driver. One approach that
is presently being investigated is called "integrated

5 drive head" or IDH multiplexing. In IDH, the drivers are
split into groups known as primitives. Each primitive has
its own power supply interconnection ("primitive select")
and return interconnection ("primitive return"). 1In
addition, a number of control lines are used to enable

10 particular drivers. These control or address lines are
shared among all prlmltlves. This approach can be thought
of as an XY matrix where X is the number of primitives
(rows) and Y is the number of drivers per primitive
(columns). The energizing ("firing") of each driver

15 resistor is controlled by a primitive select and by a
transistor such as a MOSFET that acts as a switch
connected in series with each resistor. By powering up
one or more primitive selects (X1, X3, etc.) and driving
the associated gate of the transistor (Y2, for example),

20 multiple heater resistors may be fired simultaneously.
The number of interconnections required for such a matrix
is fewer than one per driver. This is markedly fewer than
in a direct drive approach, wherein each driver has its
own primitive select and shares a primitive common with

25 the other drivers. _

The matrix approach in IDH multiplexing offers an
improvement over the direct drive approach. Yet as
presently contemplated the matrix approach has its
drawbacks. The primitive select interconnection for each

30 primitive must be driven by a switching power supply that
can rapidly switch between on and off states. Such
supplies are more expensive and more prone to failure than
constant, i.e., static, power supplies. Furthermore, the
number of interconnections with such a matrix is still

35 large, on the order of 3fn, where n is the number of
drivers. Thus increasing the number of drivers
significantly, even with the matrix, still results in an
undesirable increase in the number of interconnections.
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circuit
increase the number of 1nkjet nozzles on a printhead

without increasing the number of interconnections between
the printhead and printer.

Another object of the invention is to minimize
the number of interconnections required per driver on the
printhead.

Yet another object of the invention is to reduce
the cost or complexity of pripter control circuitry by
shifting control functions from the printer to the
printhead.

In one embodiment, a printhead according to the
invention includes a power interconnection for providihg
constant power to the printhead and a control
interconnection for providing a print command to the
printhead. A plurality of heater resistors are each
operably connected to the power interconnection. A
switching device is also provided for Selectively
energizing each heater resistor with power from the power
interconnection. Each switching device is responsive to a
print command from the control interconnection for
energizing the heater resistor.

In another embodiment, the printhead includes a
plurality of groups of heater resistors and a power
interconnection for selectively providing power to each
group when the interconnection is enabled. Switching
devices are also provided in a plurality of groups for
selectively energizing each heater resistor within a

- group. A control interconnection operates each group of

switching devices when the interconnection is enabled. A
heater resistor on the printhead is energized if both the
power interconnection and control interconnection for the
resistor are enabled.

Variations on the inventive printhead_include
multiplexed interconnections, energy control, gray scale
modulation and other features described more particularly

below.
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The fore901ng and other objects, features, and
advantages of the invention will become more apparent from
the following detailed description of several preferred
embodiments as shown in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a conventional
printer and printhead and the interconnections between
them.

FIG. 2 is a schematic diagram of a conventional
driver matrix in the printhead of FIG. 1.

FIG. 3 is a block diégram of printhead driver
circuitry according to the invention.

FIGS. 4A and 4B are diagrams of p0551b1e drivers
for use in the driver circuitry of FIG. 3.

FIG. 5 is a schematic diagram of one embodiment
of the energy control circuit shown in the driver design
of FIG. 4B. _

FIG. 6 is a schematic diagram of one embodiment
of the address generating device shown in FIG. 3.

FIG. 7 is a schematic diagram of one embodiment
of the print enable register shown in FIG. 3.

FIG. 8 is a block diagram of another embodiment
of the printhead driver circuitry that includes a pulse
width modulation (PWM) converter.

FIG. 9 is a schematic diagram of another
embodiment of printhead driver circuitry that includes
gray scale modulation.

FIG. 10 is a schematic diagram of a multiplexing
scheme for reducing the number of control interconnections
between the printer and printhead.

DESCRIPTION OF PREFERRED EMBODIMENTS

FIG. 1 shows printhead interface circuitry 10
with an inkjet printer 12 and an IDH inkjet printhead 14.
Printing commands are transmitted from the interface
circuitry 10, which is conventional in design, to driver
circuitry on the printhead 14 through multiple
interconnections 18. These interconnections 18 include
primitive selects, primitive commons and control
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5 he Basic Embodiment
FIG. 2 illustrates a driver matrix (rectangular
- array) within driver circuitry 16 on the printhead 14 for
selecting which drivers to fire in response to print
commands from the printer. While the matrix will be
10 described in terms of rows and columns, ‘it should be
understood that these terms are not meant to imply
physical limitations on the arrangement of drivers within
the matrix or on the printhead. . Drivers may be arranged
in any manner so long as they can be identified in the
15 matrix by two enable signals within the print command.
Each driver generally comprises a heater resistor (R;) 20,
a switching device 22, a primitive select 24, a primitive
common 26 and a control interconnection 28 (parasitic
resistances (R,) are also shown). The switching device 22
20 1is connected in series with the resistor 20 between the
primitive select 24 and primitive common 26. The control
interconnection 28 is also connected to the switching
device 22 for switching the device 22 between a conductive
state and a nonconductive state. In the conductive state,
25 the device 22 completes a circuit from the primitive
select 24 through the resistor 20 to the primitive common
26 to energize the heater resistor.
Each row of drivers in the matrix is a primitive
and may be selectively fired by powering the associated
30 primitive select ("power'") interconnection 24, such as PS1
for the top row shown in FIG. 2. To provide uniform
energy per heater resistor 20, the parasitic resistances
'RP of the primitive select and common interconnections are
carefully balanced as shown and only one resistor 20 is
35 energized at a time per primitive. However, any number of
the primitive selects may be enabled concurrently. ' Each
- enabled primitive select 24 such as PSl, PS2, etc., thus
delivers both power and one of the enable signals to the
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control interconnection 28, such as Al, A2, etc., only one
of which is preferably active at a time. Each control

$§ interconnection 28 is tied to all of the switching devices
22 in a matrix column so that all such switching devices
are conductive when the interconnection is enabled or
"active," i.e., at a voltage level which turns on the
switching devices 22. Where a primitive select

10 interconnection 24 and a control interconnection 28 for a
heater resistor R, 20 are both active concurrently, that
resistor 20 is energized. Alternatively, each matrix
column could be a primitive or other defined group of
drivers and each row could be a column or other defined

15 group of drivers tied to a single control interconnection
28. "Matrix" as used herein refers to an electrical, not

physical, relationship. .
The interconnections for controlling the
printhead driver circuitry of FIG. 2 include separate
20 primitive select and primitive common interconnections for
each primitive and separate control interconnections for
each matrix column. A typical driver matrix comprises an
array of 8 primitives and 13 columns, requiring 29
interconnections. Increasing the number of drivers to 300
25 with a similar matrix would only increase the number of
interconnections to 49.

The Advanced Embodiment
FIG. 3 shows an advanced embodiment of printhead

driver circuitry 30 for minimizing the number of

30 interconnections 24, 26 and 28. Primitive select
interconnection 24 and common interconnection 26 provide
constant pawer to an array 32 of drivers 31. "Array,"
like matrix, as used herein refers to an electrical, not
physical, relationship. At a minimum, one of each

35 interconnections 24 and 26 is required for the entire
array of drivers, assuming the parasitic resistances R, in
the array 32 are balanced throughout. Because such
balancing may be difficult to achieve in practice, it may
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L GtV SRR ASSe s FHE 1T MEC coiiected in the manner
shown in FIG. 2. Alternatively, an energy control circuit
may be incorporated into the driver circuitry 30, as will
be discussed.

Control interconnection 28 provides a print
command from the printer interface circuitry 10 to the
driver circuitry 30. The print command includes an
address generating signal such as a clock signal and a
print enable signal. These two signals may be carried on
separate interconnections 28 or combined using known data
compression techniques in a signal on a single :
interconnection, as will be described. Whichever way the
two signals arrive at the printhead 14, they are directed
to different components of circuitry 30 for selecting one
or more drivers 31 from a driver array 32 have n-by-m
drivers.

One of these components is an address generator
34 which receives the print command and in response
generates a address signals for the drivers 31 of array
32. The address generator 34 has an input for receiving

~the address generating signal and a plurality of address

lines as outputs for transmitting address signals to the
drivers of the array 32. Preferably only one of the
address lines is active at one time, although it may be
possible to have generator 34 produce concurrent address
signals if desired. Each of these lines is interconnected
to a row of drivers in the array 32 such that each driver
in the row receives the address; The address generator 34
may be a state machine, circular shift register or other
equivalent device that can receive an address generating
signal and in response generate multiple address signals.
FIG. 6 shows a shift register embodiment of such a
generator 34 comprising a number of D flip flops 36
connected from output to input. The address generating
signal in this example is a clock signal 37 within the
print command which is applied to a clock input on each of
the flip flops 36. The outputs of the generator 34, A(1),
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A(2),..., A(n) are active individually in sequential
order. A reset input may also be provided for receiving
an reset signal 38 from the printer. A reset of generator
34 to an initial state may be desired at power up of the

_printer or other appropriate times in the printing

process. .
Returning to FIG. 3, another of the components of
the driver circuitry 30 for selecting a driver 31 to fire
is a print control device such as print enable data
register 40. Register 40 receives the print command and
in response generates one or more print enable signals.
The function of these print enable signals is analogous to
the enabling function provided by primitive select
interconnections 24, 26 in the embodiment of FIG. 2.
Specifically, register 40 converts a serial stream of
print enable signals it receives from the printer 12 into
a format for applying the print enable signals
concurrently to one or more columns of drivers in array
32, FIG. 7 shows one embodiment of the register 40 in the
form of a serial-to-parallel shift register comprising a
row of connected D flip flops 42. The print command data
is applied serially to the D input of the first flip flop
and clocked through to the output of the mth flip flop,
which corresponds to the mth column in the array 32. The
outputs of the flip flops 42 are provided in parallel. A
clock signal for clocking the D flip flops 42 may be the
same clock signal that forms the address generating signal
for address generator 34 or may be a separate signal.

The drivers D1,1 through Dn,n may be constructed
in a number of ways. A preferred design is shown in FIG
4A, where each driver 31 comprises a heater resistor 44,
an associated switching device 46 such as a MOSFET in
series with the resistor, and a logic gate 48 such as a
two~input AND gate connected for controlling the switching
device 46. The resistor 44 and switching device 46 are
operably connected between a power interconnection 24 and
a common interconnection 26. The inputs to the gate 48
are an address signal from the generator 34, such as
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represents the yth column of the array 32). The switching
device 46 is driven between conductive and nonconductive
states by the presence or absence of these two signals at
the logic gate 48. Thus in response to a print command
from the printer 12 to fire a particular driver, the
switching device 46 energizes the associated heater
resistor 44 by allowing current to flow from the power
interconnection 24 through the resistor to the common
interconnection 26.

. Of course, it will be appreciated by those
skilled in the art that a number of equivalent devices
could be substituted for the components described above.
For example, in this particular embodiment, a circuit is
completed through the heater resistor 44 when the
switching device 46 is switched to a conductive state.
Alternative arrangements such as switching the device 46
to a nonconductive state are possible.

Driver Circuitry with Energy Control

The number of power interconnections 24, 26 may
be reduced to a minimum if the firing energy per resistor
can be equalized without- the use of primitives in array
32. In the ideal case, the power interconnections could
be reduced to one power interconnection 24 and one common
interconnection 26. This arrangement would allow more
than one driver to be fired per row in the array 32 of
FIG. 3 if desired.

To make this possible, a mechanism for
controlling the energy provided to each heater resistor 44
is provided. FIG. 4B shows one example of such a
mechanism in the form of an energy control circuit 50.

The circuit 50 monitors the voltage across each heater
resistor 44 and compares the monitored voltage to a
reference voltage. The output of that comparison controls
the strength of the drive signal applied to the gate of
switching device 46 so that the switch is driven to
conduct sufficiently to achieve the desired voltage across
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drop across the resistor 44. The magnitude of this
voltage is compared at a comparator 54 to a reference
5 wvoltage REF that is the, same reference voltage for each
heater resistor 44 in the array 32. The output signal of
the comparator 54 is applied to a level shift circuit 56
that shifts the level of voltage applied to the gate of
switching device 46 in an appropriate direction. Circuit
10 50 and several equivalents are more fully shown and
described in U.S. Patent No. 5,083,137, commonly owned by
the present assignee and hereby incorporated by reference.
Driver Circuitry with gata Decoding and Compression
FIG. 8 is a partial view of the embodiment in
15 FIG. 3 in which a data converter 58 is placed between the
interconnections from the printer 12 and the driver
circuitry 30. The data converter 58 decodes an encoded
electrical signal and, if the data has also been
compressed, uncompresses the data as well. Any of a
20 number of encoding schemes maybe used, including but not
limited to pulse code modulation, pulse width modulation,
run length limited encoding and time division
multiplexing. By using such a scheme, the print command
may be carried on a single interconnection or at least
25 fewer interconnections than if no encoding is used. Data
converter 58, of conventional design, converts the print
command into the print enable signal and address
generating signal (or address signal if address generation
is not performed on the printhead).
30 Driver Circuitry with Gray Scale Modulation
The intensity of the ink (multi-color or black)
printed by the printer 12 is a function of ink drop volume
and drop velocity. This intensity can be scaled by
varying the control voltage applied to the gate of
35 switching device 46 (or switching device 22 in FIG. 2.)
This voltage controls the amount of energy delivered to
the heater resistor by power interconnections 24 and 26,
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features descri begrayprstdia tpintting is shown in FIG. 9.
A number of analog voltage levels GLl1,...,GLn are
generated by an on- or off-printhead voltage reference and
5 are provided as signal inputs to a selection device such
as a multiplexer 60 that connects to the input of each
switching device 46. PE.LVL is an m bit bus fm=loggn
‘'which is connected to the selection inputs of multiplexer
‘60 and controls the selection of the analog voltage level
10 in the multiplexer. Ax is an address signal to an enable
input of multiplexer 60. This scheme requires a group of
m bits of print enable data for each row of drivers in
array 32. A particular driver fires when its address
signal and its PE.LVL bus are both active. The analog
15 voltage GL selected depends upon the data on the PE.LVL

print enable bus.
Row Sub~-Multiplexing
Referring to FIG. 10, an alternative approach to
reducing the interconnections to the printhead 14 is
20 multiplexing the control interconnections to the drivers
in the circuitry 16 of FIG. 2. This approach is called
"row sub-multiplexing®” (RSM). By multiplexing the control
~ interconnections into a square (or nearly sguare) array,
the number of interconnections is twice the number of
25 columns plus twice the square root of the number of rows.
‘With RSM, the total number of interconnections n when
optimized is reduced from 3Vn to 3¥Vn.
Although the reduction in interconnections with
RSM is not as dramatic as in the advanced embodiment and
30 its variations, RSM has advantages in simplicity and the
small number of active devices, e.g., transistors,
required for implementation. RSM also permits fabricating
the required printhead circuitry using a simple NMOS
process. For example, the additional number of active
35 devices required for RSM compared to the driver circuit 16
in FIG. 2 is equal to the number of rows in the matrix.
Therefore RSM has only a negligible effect on the size of
the driver circuit. 1In fact, depending on the specific
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layout of the driver circuit, RSM may actually reduce the
circuit size because.of the reduced number of
interconnection pads. If RSM is implemented using
resistor-transistor logic (RTL) structures as shown in
FIG. 10, a simple NMOS process can be used to fabricate
the structures. '

FIG. 10 shows a simple example of RSM.
Structurally, the multlplexer 70 is located on printhead
14 and comprises groups of X and Y inputs serially
connected through resistors R, 71 and logic gates 72. A
control line Ai is connected at one location to a node
between each resistor R, and gate 72 and at another
location to a switching device 22 within driver circuitry
16. Each input group has a single X input and multiple
paths each through a resistor R,, gate and ¥ input as
desired. The Y inputs are common to multiple groups. A
control line Ai is enabled if the Xi input signal is
enabled and the Yi input signal is disabled.

In RSM operation, the control lines Al,..., Ai to.
the switching devices 22 are sequentially enabled one at a
time. To enable line Al for example, inputs X1 and Y2 are
enabled and inputs X2 and Y1 are disabled. In similar
fashion, control lines A2,..., Al are sequentially
enabled.

The power consumed by the row multiplexer 70
depends inversely on the resistance of resistors R,. The
resistors must have enough resistance that the power
consumed does not contribute to excessive printhead
temperature, which can degrade print quality. However,
the switching time for turning on the drivers 31 within
driver circuitry 16 is proportional to the value of the
resistors R,. The desire for low printhead temperature
and fast switching time are thus in conflict. One way of
reducing switching time, power consumption and temperature
is to increase the number of X inputs and decrease the
number of Y inputs. But this option increases both the
number of interconnections and the number of active
devices from the minimum set forth above.
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FIG 1. FIG 3 is a block diagramof printhead driver circuiltry afEPrAUEDY
to the invention. 1BLE88 4A and 4B are di agramsldf-possi bl e dri ' '

in the driver circuitry of FIG 3. 15 | FIG 5 is a schematic
di agram of one enbodi ment of the energy control circuit shown in the driver
design of FIG 4B. ~ Having described and illustrated the principles

of the invention with reference to a preferred embodiment
and several variations thereon, it should be readily
apparent to those skilled in the art that the embodiment
5 can be modified without departing from such principles.
We recognize that the principles of this invention can be
applied to a wide variety of equivalent embodiments. For
example, the address signals may come directly from the
printer over interconnections rather than being generated
10 within driver circuitry 30, if desired. Components such
as logic gates 48 and switching devices 46 may be
interchanged with analog or software-based equivalent
structure such as look up tables, comparison operations,
etc. Therefore, the illustrated embodiments should be
15 considered as an examples only of our preferred forms of
the invention and not as limitations on the scope of the
invention. We claim as the invention all embodiments of
the invention that come within the scope and spirit of the
following claims.

This Sheet Has Been ReIplaced'l




FIG 6is a schenatlc.dLagLanLgL_gne—enbedlnent of 'the address generatlng

devi €e 'shown in FI G 7 is a schematic qimgEas
enbodi ment of the pri r{ is ceghown in FIG 3. Fl i

di agram of anot her enbod rinthead driver circutLl

i ncludes a pulse width- converter. 25 . S

schemati c dlagnﬁﬁli4§ﬂmnher enbodlnent of bfinthead driver circuitry tha
i ncl udes gray scal e nodul ati on. DESCRI PTI ON OF PREFERRED EMBODI MENTS

We -claim:

1. A thermal inkjet printhead (14) for
interconnection to a printer (12), comprising:

a power interconnection (24) for prov;d;ng

§ constant power to the printhead;

a control interconnection (28) for pruviding a
print command to the printhead;

a plurality of heatsr resistors (44), each
operably connected to the constant power

10 interconnection (24); and

a switching device (46) for selectively
energizing each heater resistor (44) with power from
the power interconnection,

each switching device (46) respcnsive to a

15 print command from the control interconnection (28) for
energizing the heater resistor (44).
2. The printhead (14) of claim 1 whersin the
‘switching device (46) is intercennected in a circuit
(30) including the heater resistor (44), the power
20 interconnection (24) source and a réturn_path {26) to
complete the circuit (30), the switching device (46)
switchable'between a conductive state and a
nonconductive state.

3. The printhead (14) of claim 1 including an

25 enerqgy contrel circuit (50) fof controlling the energy
provided to the heater resistor (44).

4. The printhead (14) of claim 1 including an
address generating device (34) for receiving the print
command and in respcnse generating address signals for

30 the switching devices (46). '

5. The printhead (14) of claim 1 wherein the
print command includes an address gsnerating signal and
a print enable signal, the printhead further including:

an address generating device (34) for

35 generating address signals in response to the address
generating signal; and

T



‘FIG 1 shows prfnthead interface cifcuitry;io W th an jhkjet_ jnter_lé and _
an |-DH i nkj et printhead IZ4. Printing comuands are transmtted THISTSHEET HAS BEEN

i nterface 35 circuitryrhidshestvisdBdeh pgentional in design, tp dri VEIPLACED
circuitry on the printhe |'tiple interconnecti ohs—348—+hese
i nt erconnections 18 i ncl ;Enbmmrmﬁﬁig;' ects, primtive commons and
control 5 Bbb48tu - gust 15999 _

a print control device (40) for applying print

enable signals to the switching devices (as),
' vherein the switching devices (46) are
organized into a matrix (32), one matrix group or
5 switching devices (46) receiving a same print signal

and another matrix group of switching devices (48)
receiving a same address signal.

6. The printhead (14) of claim 1 wherein the
print command includes an address generating signal and

10 a print enable signal, the printhead further including:

a data converter (58) for receiving a print
command from the printer (12} and converting the print
command into a print enable signal and an address
generating signal;

15 an address generating device (34) for
generating a pattern of address signals in response to
an address generating signal; and

a print control device (40) for applying print
enable signals to the switching devices (46). ,

20 7. A method of selectively energizing heater
rasistors (44) on a printhead (14) interconnected to a
printer (12}, comprising:

providing constant power to the heater

" resistors (44);

25 sending an address signal to a first group of
heater resistors (44);

sending a print enable signal to a secon
group of heatsr resistors (44); and

energizing a heater resister (44) that

30 receives an address signal and a print enable signal.

| 8. A thermal inkjet printhead (14) for
interconnection to a printer (12), comprising:

a power interconnection (24) for providing
power to the printhead; _

3s a control interconnection (28) for providing a
print enable signal and an address generating signal te

. the printhead (14);
AR L AR R




"intepecnhectioﬁs. The interconnections,lBQare operably connected to the
driver. circuitry on the printhead 14 through var.i ous connect i-ng_pads for

controlling the energizing of heater resistors. 5 FIG 2 ill STHl‘Eﬁ‘SHEETiHAS BEEN |
driver matrix (rectangular array) within driver circuitry 16fon ﬁfPLACED

printhead 14 for i Sctlng which drivers tqQ fire in response-te—p++h
commands from t A gﬁ nter. Wile the mati ®8i7 | be 10 described in terns
of rows and columms, it should be understood that these terns are not neant

to inply a plurality of heater resistors (44), each
gperably connected to the power inte:connection (24} ;

a switching device (46) for selectively
energizing the heater resistor (44) with power from the

5 power interconnection (24);

a register-(40) tor receiving a print enable
signal from a control interconnection (28) and applying
the print snaple signal to a first group of switching
devices (46); and

10 an address generating device (34) for
receiving an address generating signal from a control
interconnection (28) and generating an address signal
for a second group of switching devices (46),

each switching device (46) responsive to the

15 address signal and a print enable signal for energ1z1nq
the heater resistor.

9. The printhead (14) of claim 18 wherein the
power interconnection (24) provides constant power to
the printhead (14). '

20 10. The printhead (14) of claim 18 wherein a
single control interconnection (28) provides the
address generating signal and the print enable signal.

s Sheet Has Been Rerlaced
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physi-eal limtations on the arrangenment of drivers within the matrix or on
the printhead. Drivers may be arranged in any manner so |ong

identified in the 15 matrix UmﬂﬁmNGWﬁﬁi

Each driver generally conprises
device 22, a primtive select 2
i nterconnection 28 (parasitic resistances (Rp) are also shown).

28d3 Wi t hi n t he Jof
tor (RO) 20, a
connDn 26 and

as they can be

sm“?c HAS BEENr
|_cont ASPLACED
The

switching device 22 20 is connected in series with the resistor 20 between
the primtive select 24 and primtive comon 26. The control

i nterconnection 28 is al so cyﬁﬁeefed—+fr++mrsvwf1
FIG. 1 PRINTER
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.device. 22 for sw tchi ng the device 22 between a conductive state and a
nonconductive state. In the conductive state, 25 -the device 22 conpletes a.
circuit fromthe primtive select 24 through the resistor 20 to the

primtive comon 26 to energi imsSheBthlaaBesancsa or. Each r of drivers in
the matrix is a prinmtive and Iy fired by p wnﬂs

associated 30 primtive sel ect ummn rconnection sucr:mist %BEEN
for the top row shown in FIG 2. To provide unlforn1energy

resistor 20, the parasitic resistances Rp of the prirmtive select and
common i nterconnections are

FIG. 3
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careful.ly bal anced as shown_and only one.resistor 20 is

“time per primtive. However, any nunber of the pri mtivel

ced| ect 24 s
e enable sig
ircuitry 16

enabl ed concurrently. Each &hig

Bheet H
etc., thus delivers both powegH jﬂi

Substitute sheet - 28 June 19
signal for the

L 7.6
v u
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driver.matrix is an addr ess si gnal pkdvided'by each control interconnection
28, such as, Al,- A2, etc., only one of which is preferably active at a tine.

Each control |nterconnect|on Z&ls@heehHas&eeanblam’d the sw eﬁ:“sng

in a natrix colum so that all s eV|ces are con Wﬁgﬁzgaiﬂ

the interconnection is enabl ed otﬂnyg at a voltage ich
turns on the switching devices 2 ere a pr|n1t|ve sel ect interconnection

24 and a control interconnection 28 for a heater resistor Ro 20 are both
active concurrently that resistor 20 is energized. Alternatlvely each /34

mat ri x
| RESET \ 22e
FIG.6 “p a D Q1+—D Qft-<°c—D Q
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'_-colurm.coul d be a pri mtlve or ot her defi ned group of drlvers and each r ow

controll |nterconnect|on 28. "Matrix" as used herein refers tfo'"
electrical, not physical, relationship. The interconnections

primtive select and prinmtive comon interconnections for each primtive
and separate control interconnections for each nmatrix col um-—A-typical

driver matrix corrprlses an array of 8 primtives and 13 coI ms, reqwrlng
29 [ —— - This Sheet Has- Been Replaced
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i nt & ceniiect i ons. I ncreasing the nunmber of drivers to 300 with a.simlar
matrix would only increase the nunber of interconnections to 49. The

Advanced Enbodinment FIG 3 shows an advanced embodi ment of pr mlhe%HrHN@’BEEN
circuitry 30 for mninizing the nuimber of interconnections 2 26 L
Prinmitive select interconnection 24 and conmon i nterconnect i | : ‘

constant power ¥®L¥48 array 32 of drivers=317 *Array," |ike natrlx,'as used

herein refers to an electrical, not physical, relationship. At a mninmm
one of each '

PRINTHEAD WITH REDUCED INTERCONNECTIONS TO A PRINTER
ABSTRACT
The interconnections (24, 26, 28) for
transmitting print commands from a printer (12) to a
5§ printhead (14) are reduced by the use ¢of on-printhead
circuitry (1s, 30)., In a basic embodiment, the
printhead driver circuitry (16) includes a matrix of
drivers (31) controlled by gates, power and control
interconnections. Interconnections are reduced by
10 enabling rows and columns of drivers with the power and
control interconnections. A multiplexer (70) may also
be added to further reduce control interconnections.
In an advanced emhodimeﬁt, the printhead driver
circuitry (30) includes a register (40) for converting
15  a serial stream of print enable signals from the
printer (12) into a format for applying such signals
concurrently te switching devices (46) for one or more
heater resistors (44). An address generator (34) on
the printhead (14) generates address signals in
20 response to an address generating signal from the
printer (12). The printer (12) provides constant power
to the printhead (14) sc that energizing of the heater
resistors (44) is a function of the address and print
enable signals and not of the power. Variations on the
258 basic and advanced embodiments are also shown and
described.

(Fg.3)
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[ nt er connect [ ons

apms/en H@
thr
pra

nd 26 S d for the entire array of drivers,

mgrgﬁ&ﬁé{tﬁm in.the array 32. are bal anced

se Sucpeppheeri ng npy be difficult to achieve in
TSSOt T Sheat ;- -6 Substituté 368ebe zaeslunahl%s 0

have e array 32 d|V|ded into primtives each Wi th interconnections 24, 26
connected in the manner shown in FIG 2. Alternatively,.an energy contro[

circuit

PRINTHEAD WITH REDUCED_INTERCONNECTIONS TC A PRINTER
BACKGROUND OF THE INVENTION

This invention relates generally to thermal
inkjet printing. More particularly, this inventicn
relates to a novel printhead éesign for increasing the
number of inkjet nozzles on the printhead whi;e ninimizing
the number of electrical interconnections between the
printer and printhead. The term "printhead" as used
herein includes an ink source as well as an ink drop-
genérating mechanism attached to the source and is also
known as a cartridge or pen. .

Print quality and throughput are important
cbjectives in the design of thermal inkjet printers.

Print quality is a function of, among other things, the
distance between the inkjet nozzles on the printhead.
Higher print quality produces crisper output and more
colors through better dithering. Throughput is a function
of the width of the printed swath. The wider the swath,
the fewer passes the printhead must to print a page.

Both of these objectives can be met by increasing
the number of inkjet nozzles on the printhead. By placing
nozzles closer together, the print quality can be
improved. By placing more nozzles on the printhead, the
width of the printing swath is increased. However, adding
nozzles requires adding associated drivers, which comprise
heater resistors, control logic and power and control
interconnections. These interconnections are flexible
wires or equivalent conductors that electrically connect
the drivers on the printhead to printhead interface
circuitry in the printer. They may be contained in a ‘
ribbon cable that connects on one end to control circuitry
within the printer and on the other end to driver

'c1rcu1try on the printhead.

Interconnections are a major source of cost in .
rlnter design, and adding ‘them to. increase the number of

REPLACEMENT SHEET drivers increases the cost. Interconnections also affect

04 Jul 1994

the reliability of the printer, with more interconnections
jncreasing the likelihood that the printer will fail.




may be i-ncorporated into the driver circuitry 30, as. will 5 be discussed.
Control .interconnecti-on 28 provides a print command from the printer
interface circuitry 10 to t he driver circuitry 30. The print conmand

i ncl udes ‘an address generating signal sugh-as aSabstitkitsisheet - 28dJand 4 996
print enable signal. These two signals are conbi ned usi ng known data

conpression techniques in a signal on a single The
|nterconnect|1nuse55\mdd numbaesefi dediverdhent aopsimtiedasd naﬁenmqnaased

over the years, there have been attempts to reduce the
number of interconnections per driver. One approach that
is presently being investigated is called "integrated
drive head" or IDH multiplexing. In IDH, the drivers are
split into groups known as primitives. Each primitive has
its own power supply interconnection ("primitive select")
and return interconnection ("primitive return"). 1In
addition, a number of control lines are used to enable
particular drivers. These control or address lines are
shared among all primitives. ‘This approach can be thought
of as an XY matrix where X is the number of primitives
(rows) and Y is the number of drivers per primitive
(columns). The energizing ("firing") of each driver
resistor is controlled by a primitive select and by a
transistor such as a MOSFET that acts as a switch
connected in series with each resistor. By powering up
one or more primitive selects (X1, X3, etc.) and driving
the associated gate of the transistor (Y2, for example), .
multiple heater resistors may be fired simultaneously.

The number of interconnections required for such a matrix
is fewer than one per driver. This is markedly fewer than
in a direct drive approach, wherein each driver has its
own primitive select and shares a primitive common with
the other drivers.

The matrix approach in IDH multiplexing offers an
improvement over the direct drive approach. Yet as
presently contemplated the matrix approach has its
drawbacks. The primitive select interconnection for each
primitive must be driven by a switching power supply that
can rapidly switch between on and off states. Such
supplies are more expensive and more prone to failure than
constant, i.e., static, power supplies} Furthermore, thg
number of interconnections with such a matrix is still
large, on the order of 3¥n, where n is the number of
drivers. Thus increasing the number of drivers
significantly, even with the matrix, still results in an
undesirable increase in the number of interconnections.



15 to dixfferent conpor | 30 for selectlng one “or nore-
drivers 31 froma drl\/&ﬁ-Hg QEE? E“Y -by-mdrivers. One of these.
conponents i s an addrd ich receives the print conmmand and
in response 20 generates address signals o tHubstituiteshest - @8 dunay BB
The address generator 34 has an input for receiving the address generating.
signal and a plurality of address - I ohransmttlng address
signals to the drivers of the arr&y=32 : y_one of the 25
address lines is active aIAnnubjacuea.atiémnnﬁbnd;cmaytbsrefcre. is to

increasa the numkter of inkjet noczzles on a printhead
without increasing the number of interconnections between

the printhead and printer.

Another object of the invention is to minimize
the number of interconnections raquired per driver on the
printhead.

Yet another object of the invention is to reduce
the cost or complexity of printer control circuitry by
shifting control functions from.the printer to the
printhead.

In one embodiment, a printhead according to the
invention includes a power interconnection for providing
constant power to the printhead and a control
interconnection for providing a print command to the
printhead. A plurality of heater resistors are each
operably connected to the power interconnection. A
switching device is also provided for selectively

_ energizing each heater resistor with power from the power
interconnection. Each switching device is responsive to a
print command from the control interconnection for
energizing the heater resistor.

In another embodiment, the printhead includes a
plurality of groups of heater resistors and a power
interconnection for selectively providing power to each
group when the interconnection is enabled. Switching
devices are also provided in a plurality of groups for
selectively energizing each heater resistor within a
group. A control interconnection operates each group of
switching devices when the interconnection is enabled. a
heater resistor on the printhead is energized if both the
power interconnection and control interconnection for the
' resistor are enabled.

v Variations on the inventive printhead include

*‘multiplexed interconnections, energy control, gray scale
modulation and other features described more particularly

04-JUL 996 | |  Pelov. -
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p055|ble to have generat @@ SHﬂ$“ rrent address signals if

dekhis g&%; E&cted to a row of drivers in the
arra each |ver RERLAGED r ow rlecei ves the address. The address
gene ‘be a state nmachine, circul alsltblstltwtersfgs&tt-eZBQIUnethG

eqU|vaIent devi ce that can receive an address generating signal and in
response generate nult'i pl e address signals. FIG 6 shows a shift register

enbodi mrent of such a gen ratg 34 conpri sSi g a nunber of D flip flops 36 35
connected from out put t ol PMAptPTeEH%ddEeS5ngENRPAEF RS, STIHHTISH aREs

exanple is a cl agdvantgges 87 thé hirvent@on will become more apparent from
the following detailed description of several preferred
embodiments as shown in the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a block diagram showing a conventional
printer and printhead and the interconnections between
then.

FIG. 2 is a schematic diagram of a conventional
driver matrix in the prlnthead of FIG. 1.

FIG. 3 is a block diagram of prlnthead driver
circuitry according to the invention.

FIGS. 4A and 4B are diagrams of possible drivers
for use in the driver circuitry of FIG. 3. |

FIG. 5 is a schematic diagram of one embodiment
of the energy control circuit shown in the driver design
of FIG. 4B.

FIG. 6 is a schematic diagram of one embodiment
of the address generating device shown in FIG. 3.

FIG. 7 is a schematic diagram of one embodiment
of the print enable register shown in FIG. 3.

FIG. 8 is a block diagram of another embodiment
of the printhead driver circuitry that includes a pulse
width modulation (PWM) converter.

FIG. 9 is a schematic diagram of another
embodiment of printhead driver circuitry that includes
gray scale modulation. '

FIG. 10 is a schematic diagram of a multiplexing
scheme for reducing the number of control interconnections
between the printer and printhead.

DESCRIPTION OF PREFERRED EMBODIMENTS

FIG. 1 shows printhead interface circuitry 10
with an inkjet printer 12 and an IDH inkjet printhead 14.
Printing commands are transmitted from the interface

i circuitry 10, which is conventional in desxgn, to driver
REPLACEMENT SHEET c1rcu1try on the printhead 14 through multiple
interconnections 18. These interconnections 18 include

04 JUL 1995

Primitive selects, primitive commons and control
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printer. A reset of generator 34 to an initial state may be desired at
power up of the printer or other appropriate tinmes in the

r|nt|qg!1
~interconnections. he interconnecticns 18 are operably
connected to the driver circuitry on the printhead' 14
through various connecting pads for control;ing the
energizing of heater resistors.
The Basic Fmbodiment

FIG. 2 illustrates a driver matrix (rectangular
array) within driver circuitry 16 on the printhead 14 for
selecting which drivers to fire in response to print
commands from the printér. While the matrix will be
described in terms of rows-ang columns, it should be
understood that these terms are not meant to imply
physical limitations on the arrangement of drivers within
the matrix or on the printhead. Drivers may be arranged
in any manner so long as they can be identified in the
matrix by two enable signals within the print command.
Each driver generally comprises a heater resistor (R;) 20,
a switching device 22, a primitive select 24, a primitive
common 26 and a control interconnection 28 (parasitic
resistances (R,) are also shown). The switching device 22
is connected in series with the resistor 20 between the
primitive select 24 and primitive common 26. The control
interconnection 28 is also connected to the switching
device 22 for switching the device 22 between a conductive
state and a nonconductive state. In the conductive state,
the device 22 completes a circuit from the primitive
select 24 through the resistor 20 to the primitive common
26 to energize the heater resistor.

Each row of drivers in the matrix is a primitive
and may be selectively fired by powering the associated
primitive select ("power") interconnection 24, such as PS1
for the top row shown in FIG. 2. To provide uniform
energy per heater resistor 20, the parasitic resistances
R, of the primitive select and common interconnections are
carefully balanced as shown and only one resistor 20 is

. energized at a time per primitive. However, any number of
the primitive selects may be enabled concurrently. Each

 REPLACEMENT SHEET
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enabled primitive select 24 such as PS1, PS2, etc., thus
'delivers both power and one of the enable signals to the




process.’ Returnlng to FIG 3 anot her of  the conponents of ‘the driver
circuitry 30 for selecting a driver 31 to fire is a print control devi ce
such as prlnt enabl e data regi ster 40. Register 40 receives the print
command and in response generates one or nore piSubstitutebsheeti-gP8|JuneTheos
function of these print enable signals is anaéogous to the enabling
function provided by primtive select interconnections 24, 26 in the

embodi nent of FIG _2. §peQLL|g§IIy, regi ster 40 converts a serial stream of
prlnt enabl e si gndtY&E FéceFves!ffﬁmﬂ f'8e pthereenaplensignal for the
driver matrix is an address signal provided by each

control intercannecticzn 28, such as Al, A2, etc., only one
of which is preferably active at a time. Each control
interconnection 228 is tied to all of the switching devices
22 in a matrix cclumn so that all such switching devices
are conductive when the interconnection is enabled or
"active," i.e., at a voltage level which turns on the
switching devices 22. Where a primitive select
interconnection 24 and a control interconnection 28 for a
heater resistor R, 20 are both active concurrently, that
resistor 20 is energized. ' Alternatively, each matrix
column could be a primitive or other defined group of
drivers and each row could be a column or other defined
group of drivers tied to a single control interconnection
28. "Matrix" as used herein refers to an.electrical, not
physical, relationship. |
The interconnections for contrelling the

printhead driver circuitry of FIG. 2 include separate
primitive select and primitive common interconnections for
each primitive and separate control interconnections for
each matrix column. A typical driver matrix comprises an
array of 8 primitives and 13 columns, requiring_29-
interconnections. Increasing the number of drivers to 300
with a similar matrix would only lncrease the number of
interconnections to 49.
The Advanced Embodiment

- FIG. 3 shows an advanced embodiment of printhead
driver circuitry 30 for minimizing the number of
interconnections 24, 26 and 28. Primitive select
interconnection 24 and common interconnection 26 provide
constant power to an array 32 of drivers 31. "Array,"
like matrix, as used herein refers to an electrical, not
physical, relationship. At a minimum, one of each
’interconnections_24 and 26 is required for the entire
REPLACEMENT SHEET array of drivers, assuming the parasitic resistances R, in
the array 32 are balanced throughout. Because such
QA:JUL'W96 1 balancing may be difficult to achieve in practice, it may




a ﬂusﬁhuﬂ#bsBa ﬂﬁdthe print enable signals concurrently to one or nore
colu aLray 32. FIG 7 shows one enbodi ment of the register
40 i n selmsllsﬂg - shift register conprising .a row of
connect e 'p flops 42. pdgie oL At-"tpmmang dat Qubstitutpishedt s@8 ahhy 11996
the D input of the fi T cl ocked through to the output of the
nmh flip flop,'mhich corresponds to the nth colum in the array 32. The

outputs of the fid £q§§I@2bgr§agg A0 Par al; A; gl for

clocking the D f | P f% ops 4 m%éjeéi“ C?O?Kbgllie%ar tﬂ%ﬁo@zyeﬁhe

addr ess generat|¢&FQnR$§ﬂ Lnte*c“nnectlons 24, 26 connected in the manrer
shown in FIG. 2. Alternatively, an energy control circuit

may ke incorporated into the driver circuitry 30, as will

be discussed.

Control interconnecticn 28 provides a print
command from the printer interface circuitry 10 to the
driver circuitry 30. The print command includes an
address generating signal such as a clock signal and a
print enable signal. These two signals may be carried on
separate interconnections 28 or combined using known data
compression techniques in a signal on a single
interconnection, as will be described. Whichever way the
two signals arrive at the printhead 14, they are directed
to different components of circuitry 30 for selecting one
or more drivers 31 from a driver array 32 have h-by-m
drivers.

~ One of -these components is an address generator

34 which receives the print command and in response
generates a address signals for the drivers 31 of array
32. The address generator 34 has an input for receiving
the address generating signal and a plurality of address
lines as outputs for transmitting address signals to the
drivers of the array 32. Preferably only one of the
address lines is active at one time, although it may be
'pos;ible te have generator 34 produce concurrent address
signals if desired. Each of these lines is interconnected
to a row of drivers in the array 32 such that each driver
in the row receives the address. The address generator 34
may be a state machine, circular shift register or other
equivalent device that can receive an address generating
signal and in response generate multiple address signals.
FIG. 6 shows a shift register embodiment of such a |
generator 34 comprising a number of D flip flops 36

- ~connected from output to input. The address generating

j_’LACEMENT SHEET signal in this example is a clock signal 37 within the

' print command which is applied to a clock input on each of

the %lip flops 36. The outputs of the generator 34, A(l),
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for address generator 34 or may be a separate signal. The drivers Di,1
through Dn,n may be constructed in a nunber of ways. A preferred design is
shown in FI G 4A, where each driver 31 conprises a heater resistor 44, an
associ ated swi tching device 46 such as a MOSFETSUbstiwite ebeet t 28 ane 1996
resistor, and a logic gate 48 such as a two-input AND gate connected for
controlling the switching device 46. The resistor 44 and sw tching device
46 are oper abl y(@nnect ed (Dbt R RcE OV ENiSR DA i HEERafd, a common
i nterconnecti o, 2fa- T FBget Sidguct RevIat 8o4fe a5 Foriiatl dfaas Tetegnihgfrom
t he generator 34, such as T N o
an reset signal 33 frcm the printer. A reset of generator
34 to an initial states may be desired at power up of the
printer or other appropriate times in the printing
process.

Returning ts FiG. 3, another of the components of
the driver circuitry 30 for selecting a driver 31 to fire
"is a print control device such as print enable data .
register 40. Register 40 receives the print command and
in response generates one or more print enable signals.
The function of these print enable signals is analogous to
the enabling function provided by primitive select
interconnections 24, 26 in the embodiment of FIG. 2.
Specifically, register 40 converts a serial stream of
print enable signals it receives from the printer 12 into
a format for applying the print enable signals
concurrently to one or more columns of drivers in array
32. FIG. 7 shows one embodiment of the register 40 in the
form of a serial-to-parallel shift register comprising a
row of connected D flip flops 42. The print command data
is applied serially to the D input of the first flip flop
and clocked through to the output of the mth flip flop,
which corresponds to the mth column in thelarray 32. The
outputs of the flip flops 42 are provided in parallel. A
clock signal for clocking the D flip flops 42 may be the
same clock signal that fofms the address generating signal
for address generator 34 or'may be a separate signal.

The drivers D1,1 through Dn,n may be constructed
in a number of ways. A preferred design is shown in FIG
4A, where each driver 31 comprises a heater resistor 44,
an associated switchihg device 46 such as a MOSFET in
series with the resistor, and a logic gate 48 such as a
two-input AND gate connected for controlling the switching
-device 46. The resistor 44 and switching device 46 are
.operably connected between a power interconnection 24 and
a common interconnection 26. The inputs to the gate 48

EPLACEMENT SHEET
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Substitute .sheet .- 28 June 1996 - 9 S|gnal AX (where x |nd|cates the xth
row of : the array 32) ~and a print enable signal PEy fromregister 40 (where
y represents the yth colum of the array 32). The smntchlng device 46 is
driven between conductive and nonconductive st at Sb'jzumqmeszﬂcmrﬁmgge
absence of these two S|gnals at the logi c date 48. Thus in response to a

print conmmand _ , _
signal Ax (where x indicates the xth row of the array 32),
and a print enable signal PEy from register 40 (where y
represents the yth column of the array 32). The switching
device 46 is driven between conductive and nonconductive
states by the presence or absence of these two signale at
the logic gate 48. Thus in response to a print command
from the printer 12 to fire a particular driver, the
switching device 46 energizes the associated heater
resistor 44 by allowing current to flow from the power
interconnection 24 through the resistor to the common
interconnection 26.

Of course, it will be appreciated by those
skilled in the art that a number of equivalent devices
could be substituted for the components described above.
For example, in this particular embodiment, a circuit is
completed through the heater resistor 44 when the
switching device 46 is switched to a conductive state.
Alternative arrangements such as switching the device 46
to a nonconductive state are possible.

‘Driver Circuitry with Energy Control

The number of power interconnections 24, 26 may
be reduced to a minimum if the firing energy per resistor
can be equalized without the use of primitives in array
32.° In the ideal case, the power interconnections could
be reduced to one power interconnection 24 and one common
interconnection 26. This arrangement would allow more
than one driver to be fired per row in the array 32 of
FIG. 3 if desired. _

To make this possible, a mechanism for
controlling the energy provided to each heater resistor 44
is provided. TFIG. 4B shows one example of such a
mechanism in the form of an energy control circuit 50.

The circuit 50 monitors the voltage across each heater
resistor 44 and compares the monitored voltage to a
reference voltage. The output of that comparison controls
REPtACEMENﬁ'SH%&ThF‘Strength of the drive signal applied to the gate of
switching device 46 so that the switch is driven to

04 JUk 1994 Fopduct sufficiently to achieve the desired voltage across




fromthe printer 12 to f|re a partlcular driver, the switching device 46

energi zes the associ ated-heater resistor 44 by allomﬁng current to flow -

fromi the power interconnection 24 through the resistor to the common

i nterconnection 26. O course, it will be apprelubstifuteghesbs@8shune d@96n

the.art that a number of equival ent devices could be substituted for the
conponents described above. For exanplLeggin this particul ar enbodi nent,
circuit is conpleted through the heater resistor 44 when the smﬁtching.
device 46 is switched to a conductive state.

resistor 44. One form of circuit 50 is illustrated in

FIG. 5. An instrument amplifier 52 measures the voltage
drop across the resistor 44. The magnitude of this
voltage is compared at a comparator 54 to a reference
voltage REF that is the, same reference voltage for each
heater resistor 44 in the array 32. The output signal of
the comparator 54 is applied to a level shift circuit 56
that shifts the level of voltage applied to the gate of
switching device 46 in an appropriate direction. Circuit
50 and several equivalents are more fully shown and
described in U.S. Patent No. 5,083,137, commonly owned by
the present assignee and hereby incorporated by reference.
Driver Circuitry with Data Decoding and Co ession

' FIG. 8 is a partial view of the embodiment in
FIG. 3 in which a data converter 58 is placed between the
interconnections from the printer 12 and the driver
circuitry 30. The data converter 58 decodes an encoded
electrical signal and, if the data has also been
compressed, uncompresses the data as well. Any of a
number of encoding schemes maybe used, including but not
limited to pulse code modulation, pulse width modulation,
run length limited encoding and time division
multiplexing. By using such a séheme, the print command
may be carried on a single interconnection or at least
fewer interconnections than if no encoding is used. Data
converter 58, of conventional design, converts the print
command into the print enable signal and address
generating signal (or address signal if address generation
is not performed on the printhead).
Driver Circuitrv with Gray Scale Modulation

The intensity of the ink (multi-color or black)
printed by the printer 12 is a function of ink drop volume
and drop velocity. This intensity can be scaled by
varying the control voltage applied to the gate of
sw1tch1ng device 46 (or switching device 22 in FIG. 2.)

REPLACEMfNT\ﬂThls voltage controls the amount of energy delivered to
the heater resistor by power interconnections 24 and 26,

G4 JUL 1%
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Al ternative arrangenments such as switching the de Wﬂﬁé 3
SthistSheelrhias lacedy | var Cirouitry—wi-te=Fner gy fontr h _
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32. Inthe ideal case, the power interceniécti ons could be reduced to one

power interconnection 24 and one conmon interconnection 26. This.

arrangenent woul d allow nore than one driver to be fired'fer gOM/in t he
array 32 of Fl@s gesFryaedrapve. One approach for providing for such

gray scale printing is shown in FIG. 9.

A number of analog voltage levels GL1,...,GLn are
generated by an on~- or off-printhead voltage reference and
are provided as signal inputs to a selection device such
as a multiplexer 60 that connects to the input of each
switching device 46. PE.LVL is an m bit bus (m=loggn
which is connected to the selection inputs of multiplexer
60 and controls the selection of the analog voltage level
in the multiplexer. Ax is an address signal to an enable
input of multiplexer 60. This scheme requires a group of
m bits 6f print enable data for each row of drivers in
array 32. A particular driver fires when its address
signal and its PE.LVL bus are both active. The analog
voltage GL selected depends upon the data on the PE.LVL
print enable bus.

‘Row_Sub-Multiplexin

Referring to FIG. 10, an alternative approach to
reducing the interconnections to the printhead 14 is
multiplexing the control interconnections to the drivers
in the circuitry 16 of FIG. 2. This approach is called
"row sub-multiplexing® (RSM). By multiplexing the control
interconnections into a square (or nearly square) array,
the number of interconnections is twice the number of
columns plus twice the square root of the number of rows.
With RSM, the total number of interconnections n when
optimized is reduced from 3vn to 3Vn.

Although the reduction in interconnections with
RSM is not as dramatic as in the advanced embodiment and
its variations, RSM has advantages in simplicity and the
small number of active devices, e.g., transistors,
required for implementation. RSM also permits fabricating
the required printhead circuitry using a simple NMOS
process. For example, the additional number of active.
devices required for RSM compared to the driver circuit 16
;'REPLACEMfﬁi gajép??IG' 2 is equal to the num?ef of rows in the mat?ix.
- ~— Therefore RSM has only a negligible effect on the size of

'

G4 JUL ﬁ@ﬁ,tréjd:iver circuit. In fact, depending on the specific




To meke:.this possible, a nmechani o1 rolling ‘the ener gy prOV|ded to
each heater resistor 44.y.}mgogmﬁﬁdHNiPL ‘4B shows one exanpl e of such a
mechanismin the formof fan eneﬁgy_;\cmtrol ircuit 50. The circuit 50 -
monitors the voltage acroks—eaehk 5T L esi st oBubgtitute sheepar2s Juhe 1996
nonitored voltage to a reference voltage The out put of that conparison
controls the strength of the drive signal applied to the gate of sw tching
device 46 so thatayldue é‘ﬂli {:QQ A5 viliE weBch O C ORI Glays Wcfduaila gt !'ladﬁ@eaﬂ{‘é eve

t he desired voltage acro

circuit slze because of the reduced number of
interconnection pads. If RSM is ;mplemented using
resistor~transistor legic (RTL) structures as shown in
FIG. 10, a simple NMOS process can be used to fabricate
the structures. | '

FIG. 10 shows a simple example of RSM.
Structurally, the multiplexer 70 is located on printhead
14 and comprises groups of X and Y inputs serially
connected through resistors R, 71 and logic gates 72. A
control line Ai is connected at one location to a node
between each resistor R, and gate 72 and at another
location to a switching device 22 within driver circuitry
16. Each input group has a single X input and multiple
paths each through a resistor R,, gate and Y input as
desired. The Y inputs-are common to multiple groups. A
control line Ai is enabled if the Xi input signal is
enabled and the. Yi input signal is disabled.

In RSM operation, the control lines Al,..., Ai to
the switching devices 22 are sequentially enabled one at a
time. To enable line Al for example, inputs X1 and Y2 are
enabled and inputs X2 and Y1 are disabled. In similar
fashion, control lines A2,..., Ai are sequentially

enabled. _

The power consumed by the row multiplexer 70
depends inversely on the resistance of resistors R,. The
resistors must have enough resistance that the power
consumed does not contribute to excessive printhead
temperature, which can degrade print quality. However,
the switching time for turning on the drivers 31 within
driver circuitry 16 is proportional to the- value of the
resistors R,. The desire for low printhead temperature
and fast switching time are thus in conflict. One way of
reducing switching time, power consumption and temperature
is to increase the number of X inputs and decrease the

REPLAQEMENT SHEEr}umber of Y inputs. But this option increases both the
rumber of interconnections and the number of active

04 JUL 1996

devzces =om the minimum set forth above.
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S |IIustrated

drop across the resistor 44
conparator 54 to a referen
voltage for each heater resistor 44 In

in FIG 5. ﬂ$§s§&% Lfier 52 measures the voltage
e®Edn A&JEENf this voltage is conpared at a
REQBAGEDE t hat] i Subsfitute sheet e28 duce 1996

ray 32. The output signal of

the conparator 54 is applied to a level shift circuit 56

Having descrimed and illustrated the principleas
of the inventicn with refersnce to a preferrsd embodiment
and several variazions therson, it should be readily
he embcdiment

ﬂ‘

apparsnt to these skilled in the art that
can be medifisd withcuts departing from such principles.

rinciples of this invention can be
Ty of equivalent embodiments. For

We reccgnize that the ¢
applied tc a wide variet
example, the address signals may come directly from the
printer over interconnections rather than being generated
wzthln driver circuitry 30, if desired. Components such
as loglc gates 43 and SNLtcthq devices 46 may be
interchanged with analog or software-based equivalent
structure such as look up tables, comparison operatioens,
etc. Therefore, the illustrated embodiments should be
considered as an examples only of our preferred forms of
the invention and not as limitations on the scope of the
invention. We claim as the invention all embodiments of
the invention that come within the scope and spirit of the

following claims.

This Sheet Has Been Rep laced

REPLACEME-# " HEET

04 JUL 1996




t hat shlfts the | evel of voltage applied to the gate of sw tching device 46
in an_a-ppr—eﬁr—l—at—e-drr‘eﬁ‘on WHlGuSﬁEEE‘OHﬁ@(ﬁﬁ.ﬁveral_ equi val ents are nore
fully shown d in {. S RipERéepNo-  5,]083, 137, comonly owned by

t he pre @ﬁ l hereby—-i-'--m-sn&-pe-r--a-t-e-@l-—la-gr %atm@ee@mwﬁmﬁer?%yy
W th npression FIG § &g g partial view of the
enbodlnent In FIG 3 |n whi ch a data converter 58 is placed between the

i nt erconnections fromthe printer 12 and the driver circuitry 30. The data

converter 58 decodes an eggogeslig! ectrical -signal and, if the data has al so
been

1. A thermal inkjet printhead (14) for
interconnection to a printer (12), comprising:

. a power interconnection (24) fcr providing
constant power te the printhead;

a control interconnection (28) for pruviding a
print command to the printhead;

a plurality of heater resistors (44), each
operably connected to the constant power
interconnection (24); and

a switching device (46) for selectively
energizing each heater resistor (44) with power Irom
the power interconnection,

each switching device (46) respcnsives to a
print command from the control interconnection (28) for
energizing the heater resistor (44).

2. The printhead (14) of claim 1 wherein the

"switching device (46) is interccnnected in a circuit
(30) including tha heater resistor (44), the power
intercennection {24) source and a return path (26) to
complete the circuit (30), the switching device (46)
switchable between a conductive state and a
nonconductive state.

3. The printhead (14) of claim 1 including an
enerqgy control circuit (50) for controlling the energy
provided to the heater resistor (44).

4. The printhead (14) of claim 1 including an
address generating device (34) for receiving the print
command and in respcnse generating address signals for

3 the switching devices (48§).

5. The printhead (14) of claim 1 wherein the
print command includes an address generating signal and
a print enable sigqnal, the printhead further including:

' "an address generating device (34) for

—5—generating address signals in respcnse to the address
- - . _
EPLACEMENT SHEET |generating signal; and
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conpresSedL_ungganesses_Ihe data as wel | Any of a nunber of

sche used, i cI udi Nng buf—he& : ul se code’ F%@&NT SHEET
pul s et e acedyn | en W'Sl&ﬂ&ﬁidﬁl%(ﬁﬁﬂﬂrg and timefdijvision ©
mul ti pI e "such a sdhene, REPEAGED Nt Sthstidute sheetiped8 M #id¥h 3096
single i or at |east—tewer—mtrercomiections than}if no . . .
encoding is used. Data converter 58, of con¥@rtional desi gn, jconverts the
print command into the print enable S|gnal and address gener L0ng_si gnal

[ I if
|(o(r)|r n-?ﬂg;gfts signal if address generaklgl L3 P9l PR YT appgyng nnnt

enable signals to the switching devzces (as),

wherein the switching devices (48) are
organized into a matrix (32), one matrix group of
switching devices (46) receiving a same print signal
and another matrix group of switching davices (46)
receiving a same address signal.

6. The printhead (14) of claim 1 whersin the
print command includes an address generating signal and
a print enable signal, the printhead further including:

a data converter (358) for receiving a print
command from the printer (12) and converting the print
command into a print enable signal and an address
generating signal;

an address generating device (34) for
generating a pattern of address signals in response to
an address generating signal; and

a priht control device (40) for applying print
enable signals to the switching devices (46},

7. A method of selectively energizing heater
resistors (44) on a printhead (14) interconnected to a
printer (12), comprisihg: '

| providing constant power to the heater
resistors (44); .

sending an address signal to a first group of
heater resistors (44); '

sending a print enable signal to a secon
group of heatar resistors (44); and

energizing a heater resister {44) that
receives an address signal and a print enable signal.

8. A thermal inkjet printhead (14) for
interconnecticn to a printer (12), comprising:

. a power interconnection (24) for providing
' power to the printhead; '

a control interconnection (28) for providing a
print enable signal and an address generating signal tc

REPLACEMENT SHELT
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EXIVE[-CJFCUItryAMAth Gray Scal e Mbdul ation The |nten5|t
(nmul ti-col or or black) ﬁilnted by the printer 12 is a fur

vol ine and drop vid¥ Re eﬂblty can be scaled b idnef o &
e of sw tchi Sybdtiutees '
device 22 in FIG 2 controls t he amount of energy delivered

control voltage app
to the heater resistor by power Interconnections 24 and 2}

- 16 -~

a plurality of heater resistors (44), each
operably connectead to the power interconnection (24} ;

a 3w1tch1nq device (46) for selectively
enexgizing the heater resistor (44) with power from the
power interconnection (24);

a register (40) for receiving a print enable
signal frem a control interconnection (28) and applying
the print enapble signal to a first group of switching
devices (46); and

an address generating device (34) for
receiving an address generating signal from a control
interconnection (28) and generating an address signal
for a second group of switching devices (46},

each switching device (46) responsive to the
address signal and a print enable sigral for energizing
the heater resistor.

. 9. The printhead (14) of claim 18 wherein the
power interconnection (24) provides constant power to
the printhead (14). '

10. The printhead (14) of claim 18 wherein a
single control interconnection (28) provides the
address generating signal and the print enable signal.

N
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abeve. . One approach for providing for such gray scale printing fis shown in
FI G- 9. A nunber of anal og voltage levels G1,..., GLn are gengratel by anusg

on- or off-printhead voltage reference and 5 are provided as |sijgnal inputs
to a selection device such as a nultipl exer 60Suthstituc®sheet s2
of each switching device 46. PE. LVL hszan mbit bus (nelog[err which is

connected to the selection inputs of ‘multiplexer 60 and controls the
selection of the anal og vol tage | evel
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10 in the nultiplexer. Ax is an address signal to an enabl e ifngut o
‘mu tiplexer 60. This scheme requires a group of mbits of prin 'nqpke”gata
for.each row of drivers in array 32. A particular driver fir en its. g
address signal and its PE.LVL bus are both active. The anal ogjf15- =
sel ected depends upon the data on the PE.LVL Bubstititeadlieetbud .
FIG 10, an alternative approach a reducing the interconnections to
printhead 14 is. 20 nultiplexing the control interconnections to the
drivers in the circuitry 16 of FIG 2. This approach is called
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‘into a square {(or nearl square) array, the nunber of intercofngCtioms—ts
twi. the nunber of 25 col ums pl us tw ce the square root reggegy,'er of
rows. Wth RSM the total nunber of interconnections n when

reduced from3[err]n to 3[err]n. Al though theSubgétitiite @heeo -i lons

with RSMis not as dramatic as ingjyge advanced enbodi ment anf 30 its

vari ations, RSM has advantages in sinplicity and the snall nUMTer—of—a6tive
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required for

the required printhead circuitry using a sinple NMOS procesf. aestafeH
t he additional nunber of active 35 devices YTl
t he drlver circuit 16 in FIG 2 is equal to the nunber of r@ws
Therefore RSM has only a negligible effect on the sijzd
driver circuit.ln fact, depending on the specif$@bsﬁu@gshee
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of the invention with reference to a preferred enbodi nent and se¢veral
‘variafi._ons thereon, it should be readily apparent to those skil
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principles. W recognize that the principles of this inventionjfcan
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PRINTHEAD WITH REDUCED INTERCONNECTIONS TO A PRINTER
_ BACKGROUND OF THE INVENTION

This invention relates generally to thermal .
inkjet printing. More particularly, this invention
relates to a novel printhead design for increasing the
number of inkjet nozzles on the printhead whiie minimizing
the number of electrical interconnections between the
printer and printhead. The term “"printhead" as used
herein. includes an ink source as well as an' ink drop
generating mechanism attached to the source and is also
known as a cartridge or pen. '

| Print quality and throughput are 1mportant
objectives in the design of thermal inkjet printers.-
Print quality is a function of, among other thinés, the
distance between the inkjet nozzles on the printhead.
Higher print gquality produces crisper output and more
colors through better dithering. Throughput is a function
of the width of the printed swath. The wider the swath,
the fewer passes the printhead musgig% print a page.

Both of these objectives can be met by increasing
the number of inkjet nozzles on the printhead. By plaging
nozzles closer together, the print quality can be -
improved. By placing more nozzles on the printhead, the
width of the printing swath is increased. However, adding
nozzles requires adding associated drivers, which comprise
heater resistors, control logic and power and control
interconnections. These interconnections are flexible
wires or equivalent conductors that electrically connect
the drivers on the printhead to printhead interface
circuitry in the printer. They may be contained in a
ribbon cable that connects on one end to control circuitry
within the printer and on the other end to driver
circuitry on the printhead. '

Interconnections are a major source of cost in
printer design, and adding them to increase the number of

o drivers increases the cost. Interconnections also affect

”the reliability of the printer, with more interconnections
increasing the likelihood that the printer will fail.
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printer (12), conprisinp: a power.intler
constant power to the}pf |rﬁﬂne‘ﬂéﬁ (ﬁdg]

each operably connect ¢d{to the_cons t
plurality of switchin evi ces (46), eagh-sw tching device of the plurality
of swit¢hing devices | ' espective heater resistor (44), for
sel ectiyYely energizing the heater resistors (44) with power fromthe power

i ntercofnection US-A-5006864 describes a thermal . inkjet printhead

comprising a plurality of resistive heating elements each

(14) for interconnection to a
onnection (24) for providing

plurality of heater reS|stors §44)
poweSubstistuteosheati- 6 August: 1

associated with a corresponding switch in the form of a

bipolar transistor. Power is supplied to the printhead by

5 tWo power rails, the high voltage rail being connected

: directly to each resistive heating element, whereas the low

voltage power rail is indirectly connected to each of the

bipolar transistors wvia one of several field effect
transistors. _ | .

10 EP-A-0405574 describes an inkjet recordin paratus
incorporating an integrated circuit which is,mounted with
the recording head. The recording head comprises an array
of resistive heating elements each of which is connectéd in
series with a corresponding bipolar transistor which acts

15 as a switch. Selection signals derived in the integrated
circuit are supplied to the bipolar transistors so as to
select desired resistive heating elements for energization.

It would be desirable to increase the number of inkjet
nozzles on a printhead without increasing the number of

20 interconnections between the printhead and printer.

| It would further be desirable to minimise the number of
printer connections required per driver on the printhéad.

It would further be desirable to reduce the cost or

complexity of printer control circuitry by shifting-control

25 - functions from the printer to the printhead.

_ _ SUMMARY OF THE INVENTION
In accordance with a first aspect of the present

invention, there is provided a thermal inkjet printhead as

_ defined in Claim 1.

30 In accordance with a second aspect of the preéent
invention, there is provided a method of selectively
energizing heater resistors as defined in Claim 7.

Variations on the inventive printhead include
multiplexed interconnections, energy control, gray scale

35 modulation  and other features described more particularly

below.
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(24); .and a 5|ngle con rREPLAEFUUULUI tR8) for providing a print conmand to

t he prlnthead (14), th )rlntnéﬁgrﬁgf nEl udi ng both an address signal (Ax)
speci fying a first predet ot1i pnlof at | east two but fewer than all

of the plurality of switdhing devu ces {44) andSubsiitite sheathi 6 August 1999y)
speci fying a second prgdeterm ned portiof of at |east two but fewer than
all of the plurality ofl_swi ' ' (46), whereby each of the
switching devices (46theefierggoéng and asaecl@E@dﬁﬁaaiefe¢§§r§$0rapd4)

when both an aggy &%éﬂﬁ* 2Ad $nPEhRicANhS Peliile HSrd' &350 hL! £20m

swi tchi ng device
the fo lowing detailed descrlptlon of several preferred
embodiments as shown in the accompanying drawzngs.
5 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a block diagram showing a conventional
printer and printhead and the interconnections between

them.

, FIG. 2 is a schematic diagram of a conventional
10 driver matrix in the printhead of FIG. 1.
FIG. 3 is a block diéqram of printhead driver
circuitry according to the invention. i _
_ FIGS. 4A and 4B are diagrams of possible drivers
for use in the driver circuitry of FIG. 3. .
15 FIG. 5 is a schematic diagram of one embodiment

of the energy control circuit shown in the driver design
of FIG. 4B.

_ FIG. 6 is a schematic diagram of one embodiment
of the address generating device shown in FIG. 3.

20 " 'FIG. 7 is a schematic diagram of one embodiment
of the print enable register shown in FIG. 3.

| FIG. 8 is a block diagram of another embodiment
of the printhead driver circuitry that includes a pulse
width modulation (PWM) converter.

25 FIG. 2 is a schematic diagram of another
embodiment of printhead driver circuitry that includes
gray scale modulation.

FE6+—+0—is—a—sechematic-diagrarn—of—a-multiplexing
scheme—for—reducing—thenunber—ef-econtrel—intercenncetions

30 be%ﬁeeﬁ—%he—pfin%er—ana—pfinthea&. : :

; DESCRIPTION OF.PREFERRED EMBODIMENTS
FIG. 1 shows printhead interface circuitry 10
with an inkjet printer 12 and an IDH inkjet printhead 14.
Printing commands are transmitted from the interface

35 circuitry 10, which is conventional in de51qn, to driver
c1rcu1try on the printhead 14 through multiple: _
interconnections 18. These interconnections 18 include

primitive selects, primitive commons and control
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interconnections. The'interconnecticns 18 are operably
connected to the driver circuitry on the printhead 14
through various connecting pads for controlling the
energizing of heater resistors. |

! e Embods !

FIG. 2 illustrates a driver matrix (rectangular
array) within driver circuitry 16 on the printhead 14 for
selecting which drivers to fire in response to print
commands from the printer. While the matrix will be
described in terms of rows and columns, it should be
understood that these terms afe not meant to imply'
physical limitations on the arrangement of drivers within
the matrix or on the printhead. Drivers may be arranged
in any manner so long as they can be identified in the
matrix by two enable signals within the print command.
Each driver generally comprises a heater resistor (R;) 2d,
a switching device 22, a primitive select 24, a primitive
common 26 and a control interconnection 28 (pafasitic
resistances (R,) are also shown). The switching device 22
is connected in series with the resistor 20 between the
primitive select 24 and primitive common 26. The control
interconnection 28 is also connected to the switching
device 22 for switching the device 22 between a conductive
state and a nonconductive state. In the conductive state,
the device 22 completes a circuit from the primitive
select 24 through the resistor 20 to the primitive common
26 to energize the heater resistor.

. Each row of drivers in the matrix is a primitive
and may be selectively fired by powering the associated
primitive select ("power") interconnection 24, such as PS1l
for the top row shown in FIG. 2. To provide uniform
energy per heater resistor 20, the parasitic resistances
R, of the primitive select and common interconnections are
carefully balanced as shown and only one resistor 20 is
energized at a time per primitive. However, any number of
the primitive selects may be enabled concurrently. Each
enabled primitive select 24'such as PS1, PS2, etc., thus
delivers both power and one of the enable signals to the
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~Ftre IJIIIIL fegqd (14), of Caim1l, including an

energy control circut (5Q) tow ntfrdl | i ng the energy prOV|ded to each

hedt er resistor (44)}

ntjhgad (14) of Caim1l, wherein the

include=

address signal withij the nrlnt comgarjd i7ncl udggbstitusel dhess - %Aﬁgﬁ&t' 999
evi ce )

si.gnal and the printfead (14)
for receiving the a

an address generating
<i gnal and in response generating

addr ess S|gn@bSdEe&rhh&eSWbtﬁhvagtﬂeva225y(4@)dl5ldedThﬁtPrPﬂtheadvé§4) of
Caim1, mhegghg b %hp r%onnecglons 24, 26 connected in the manner
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shown in FIG. 2. Alternatively,.an energy control circuit.
may be incorporated inte the driver circuitry 30, as will
be discussed.

Control interconnection 28 provides a print
command from the printer interface circuitry 10 to the
driver circuitry 30. The print command includes an
address generating signal such as a clock sxgnal and a

print enable signal. These two signals may-be—ea;;%ad_cn
separate—interconnections—28—or comblned using known data

compression techniques in a signal on a single The

interconnection, as will be described. 'Whichever—way:#he
two signals arrive—at—the-printhead-li—they are directed
to different components of circuitry 30 for selecting one
or more drivers 31 from a driver array 32 have n-by-m
drivers.

One of these components is an address generator
34 which receives the print command and in response
generates & address signals for the drivers 31 of array
32. The address generator 34 has an input for receiving
the address generating signal and a plurality of address
lines as outputs for transmitting address signals to the
drivers of the array 32. Preferably only one of the
address lines is active at one time, although it may be
possible to have generator 34 produce concurrent address
signals if desired. Each of these lines is interconnected
to a row of drivers in the array 32 such that each driver
in the row receives the address. The address generator 34.
may be a state machine, circular shift register or other
equivalent device that.can receive an address generating
signal and in response generate multiple address signals.
FIG. 6 shows a shift register embodiment of such a - .
generator 34 comprising a number of D flip flops 36
connected from output to input. The address generating
signal in this example is a clock signal 37 within the
print command which is applied to a clock input on each of
the flip flops'36. The outputs of the generator 34, A(1l),
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inCques an addresg gen a nd a print enable signal, the
printhead further ijngl udin an addir ¢ss 'génerati ng devi ce (34) for
generati ng address sigdéhs ﬁﬁ%p nge to the address generating signal;

and-a print controll] device (40) fo
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sw tchi ng devices §4 , wnherein the mntchlng devices (46) are organized

into a matrix
same print si
receiving a s
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A number of analog voltage levels GL1,...,GLn are
generated by an on- or off-printhead voltage reference and
are provided as signal inputs to a selection device such
as a multiplexer 60 that connects to the inpu; of each
switching device 46. PE.LVL is an m bit bus (m=log,n)
which is connected to the selection inputs of multiplexer
60 and controls thé selection of the analog voltage level
in the multiplexer. Ax is an address signal to an enable
input of multiplexer 60. This scheme requires a group of
m bits of print enéble data for each row of drivers in
array 32. A particular.dfiver fires when its address
signal and its PE.LVL bus are both active. The analog
voltage GL selected depends upon the data on the PE.LVL
print enable bus. : '

Referring to FIG. 10, an alternative approachto
reducing the interconnections to the printhead 14 i
multiplexing the control interconnections to the drivers
in the circuitry 16 of FIG. 2. This approach ¥ called
"row sub-multiplexing"” (RSM). By multiplexjfig the control
interconnections into a square (or nearly/square) érray,

the number of interconnections is twige the number of
columns plus twice the square root gf the number of rows.
With RSM, the total number of in £rconnections n when
optimized is reduced from 3Vn 6 3Vn.

Although the reduck on in interconnections with
RSM is not as dramatic ag”in the advanced embodiment and
its variations, RSM ha# advantages in simplicity and the
small number of actife devices, e.g., transistors,
required for implémentation. RSM also permits fabricating
the required printhead circuitry using a simple NMOS
process. FEgt example, the additional number of active
devices rfquiréd for RSM compared to the driver_circuit 16
in FIGZ 2 is equal to the number of rows in the matrix. |
Therefore RSM has only a negligible effect on the size of

. N .
2 e—G = &y - ¥ 8 7 aepend - = e -



I ncl udes an address g&ﬁﬁk&ﬁﬁ I Yand a print enable signal, the
printhead further incl |ng: a datalcdanverter (58) for receiving a print
comand fromthe prit AueM9%cdnVerting the print command into a print
enabl e signal and an}| a dress gener at} mg K2 gnal Substitiite shedb6tALgust $999t -
6 .August 1999 an addfebs—gemerating deyice (34) for generating a pattern of
addr ess S|gnals in résponse to_an addrbss generating signal;

Hav1ng described and lllustrated the pr1nc1ples
of the invention with reference to a preferred embodlment
and several variations thereon, it should be readily
apparent to those skilled in the art that the embodiment

'5 can be modified without departing from such principies.
We recognize that the principles of this invention can be
applied to a wide variety of equivalent embodiments. Fox

10 withip-driver-eireuitry—30—if-desired. Components such

as logic gates 48 and switchihg devices 46 may be
interchanged with analog or software-based equivalent
structure such as look up tables, comparison operations,
etc. Therefore, the illustrated embodiments should be

15 considered as an examples only of our preferred forms of
the invention and not as limitations on the scope of the
‘invention. We claim as the invention all embodiments of
the invention that come within the scope and spirit of the
following claims. '
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1. A thermal inkjet printhead (14) for interconnection to a

printer (12), comprising:

a power interconnection (24) for providing constant power
.to the printhead (14);

a plurality of -heater resistors (44), each operably

connected to the constant power interconnection (24);

a plurality of switching devices (46), each-switching
device of the plurality of switching devices associated with a
respective heater resistor (44), for selectively energizing the
heater resistors (44) with power from the power interconnection
(24); and

a single control conductor (28) for providing a print
command to the printhead (14), the print command including both
an address signal (Ax) specifying a first predetermined portion
.0f at least two but fewer than all of the plurality of switching
‘devices (46) and a print enable signal (PEy) specifying a second
predetermined portion of at least two but fewer than all of the

plurality of switching devices (46), whereby

each of the switching devices (46) energizes its
associated heater resistor (44) when both an address signal and
a print enable signal are present for a switching device (46)
which is a member of both the first portion and the second

portion of switching devices (46}).

2. The printhead (14) of Claim 1, wherein a switching device
(46) is interconnected in a circuit (30) including a heater
resistor (44), the power interconnection (24) source and a

return path (26) to complete the circuit (30), the switching

5t or s (44) to the—pfevrded—eeﬁs%aﬁ%

ng
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3. The printhead (14) of Claim 1, including an energy control
circuit (50) for controlling the energy provided to each heater
resistor (44).

4. The printhead (14) of Claim 1, wherein the address signal
within the print command includes an address generating signal
(14)

for receiving the address

and the printhead
(34)
response generating address signals for the switching devices
(46) .

includes an address generating device

generating signal and in

5. The printhead (14) of Claim 1, wherein the print command
includes an address generating signal and a print enable signal,
the printhead further including:

an address generating device (34) for generating address

signals in response to the address generating signal; and

{40)

- signals to the switching devices (46),

a print control device for applying print enable

(46)

switching devices

wherein the switching devices are organized into a
(32), (46)

receiving a same print signal and another wmatrix group of

matrix one matrix group of

switching devices (46) receiving a same address signal.

6. The printhead (14) of Claim 1, wherein the print command
includes an address generating signal and a print enable signal,
the printhead further including:

a data converter (58) for receiving a print command from
the printer (12) and converting the print command into a print

enable signal and an address generating signal;

AR
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an address generating device (34) for generating a pattern
of address signals in response to an address generating signal;

and

a print control device (40) for applying print enable

signals to the switching devices (46).

7. A method of selectively energizing heater resistors (44)
on a printhead (14) interconnected to a printer (12),

comprising:
providing constant power to the printhead (44);

connecting a plurality of heater resistors (44) to the

provided constant power (24);

providing a plurality of switching devices (46), each
switching device of the plurality of switching devices being
associated with a respective heater resistors (44), for
selectively energizing the heater resistors (44) with power from

the power :i_.nterconnection,- and

coupling a print command to the printhead (14) via a
single control conductor (28), the print command including both
an address signal (Ax) specifying a first predetermined portion
of at least two but fewer than all of the plurality of switching
devices (46) and a print enable signal (PEy) specifying a second
predetermined portion of at least two but fewer than all of thé
plurality of switching devices (46), whereby each of the
switching devices (46) energizes its associated heater resistor
' (44) when both an address signal and a print enable signal are
present for a switching device (46) which is a mewmber of both
the first portion and the second portion of switching devices

(46) .

A



