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(57) ABSTRACT 

This invention relates to a printhead element Substrate having 
a plurality of electrothermal transducers and a plurality of 
switching elements which drive the plurality of electrother 
mal transducers. The element substrate has a level converter 
which is shared by adjacent electrothermal transducers and 
steps up an input driving signal, and a Switch circuit which 
Supplies the driving signal output from the level converter to 
one of the adjacent electrothermal transducers. The switch 
circuit Switches the Supply destination of the driving signal in 
accordance with an external input selection signal. 

10 Claims, 17 Drawing Sheets 
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1. 

ELEMENTSUBSTRATE, AND PRINTHEAD, 
HEAD CARTRIDGE, AND PRINTING 
APPARATUS USING THE ELEMENT 

SUBSTRATE 

This application is a continuation of application Ser. No. 
1 1/860,794, filed Sep. 25, 2007, the entire disclosure of which 
is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a printhead element sub 

strate Suitable for an inkjet printhead, and a printhead, head 
cartridge, and printing apparatus using the element Substrate. 

2. Description of the Related Art 
Generally, electrothermal transducers (heaters) of a print 

head and their driving circuits in an inkjet printing apparatus 
are formed on a single Substrate using a semiconductor pro 
cess technology, as described in U.S. Pat. No. 6,290,334. 

FIG. 3 is a view schematically showing a semiconductor 
element substrate of this type for an inkjet printhead. 

Referring to FIG. 3, heaters and driving circuits are inte 
grally built in an element substrate 100 by a semiconductor 
process technology. Reference numeral 101 denotes a driver 
& heater array in which a plurality of heaters and a plurality 
of driver transistors serving as Switching elements which are 
provided in correspondence with the heaters and switch 
whether to direct a current flow to the heaters are arrayed. Ink 
supply ports 102 supply ink from the lower surface of the 
element substrate. 
A shift register (S/R) 103 temporarily holds print data. A 

decoder 107 outputs a block enable signal to time-division 
ally drive blocks of the heaters in the driver & heater array 
101. Input circuits 104 include buffer circuits to input digital 
signals to the shift registers 103 and decoders 107. Input 
terminals 110 include a Vdd terminal to input a logic element 
Voltage Vdd, a CLK terminal to input a clock (CLK) signal, 
and a DATA terminal to input print data (DATA). 
The digital circuits such as the shift registers and decoders 

are driven by a digital power supply voltage (voltage VDD). 
A level converter 116 converts a digital signal Such as the 
VDD voltage driving signal into a VHT Voltage signal to be 
given to the gate of each driver transistor. The voltage VHT is 
higher than the Voltage VDD. A VHT Voltage generation 
circuit 130 generates the voltage VHT to be supplied to the 
level converter 116 by stepping down a heater driving power 
supply voltage (VH). An AND circuit 119 serves as a heater 
selection circuit which calculates the logical product of a 
block enable signal and a print data signal. The AND circuit 
119 includes, e.g., a buffer as needed. 

FIG.5 is a timing chart for explaining a series of operations 
of sending a print data signal to the shift register 103 and 
Supplying a current to the heaters to drive them. 

Print data is input to the DATA A and DATA B terminals 
in synchronism with the pulse of a clock signal input to the 
CLK terminal. The shift register 103 temporarily stores the 
input print data. A latch circuit holds the print data in accor 
dance with a latch signal input to an LT terminal. After that, 
the logical product of a block enable signal to select a heater 
group divided into desired blocks and the signal of print data 
(print data signal) held according to the latch signal is calcu 
lated. The signal of the calculated logical product synchro 
nizes with an HE signal that directly determines the current 
driving time so that a current flows to desired heaters. The 
series of operations is repeated for the respective blocks, 
thereby executing printing. 
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2 
FIG. 4A is an equivalent circuit diagram corresponding to 

one segment having one heater and a corresponding driver in 
a conventional printing element. FIG. 4B is an equivalent 
circuit diagram corresponding to one bit of the shift register 
and latch circuit to temporarily store print data. 
The block enable signal input to an AND circuit 201 is 

supplied from the decoder 107. The block enable signal 
selects each heater group corresponding to one of divided 
blocks. The print data signal input to the AND circuit 201 is a 
signal input to the shift register 103 and held according to the 
latch signal. To selectively drive the heaters, the AND circuit 
201 serving as a heater selection circuit calculates the logical 
product of the block enable signal and print data signal. 

Reference numeral 205 denotes a VH power supply line: 
206, a heater; and 207, a driver transistor serving as a switch 
ing element to direct a current flow to the heater 206. An 
inverter circuit 202 receives and buffers the output from the 
AND circuit 201. A VDD power supply line 203 serves as a 
power supply of the inverter circuit 202. A VHT power supply 
line 204 serves as a power Supply to apply a Voltage to the gate 
of the driver transistor 207. An inverter circuit 208 receives 
the voltage from the VHT power supply line. The inverter 
circuit 208 serves as a buffer to receive the buffer output from 
the inverter circuit 202. 
The inverter circuit 202, shift register 103, and the like are 

digital circuits in general and operate in accordance with a 
low or high pulse. A heat enable signal (HE) to designate a 
heater driving period is also a digital signal. Signal exchange 
with an external device is done by a low or high logic pulse. 
The Voltage amplitudes of the digital signals are generally 0 
V/5 V or 0 V/3.3 V. The power supply voltage of the digital 
circuits is VDD only. The above-described block enable sig 
nal and print data signal are input to the AND circuit 201 as 
the pulse of the voltage VDD and then input to the inverter 
circuit 208 of the next stage through the buffer formed from 
the two inverter circuits 202. 
The resistance value in the ON state, i.e., so-called ON 

resistance of the driver transistor 207 is preferably as low as 
possible. In this case, since the power consumed by circuits 
except the heaters is minimized, an increase in the Substrate 
temperature can be prevented, and stable printhead driving is 
possible. If the ON resistance of the driver transistor 207 is 
high, a current flows to this portion to make the Voltage drop 
large. This requires to apply a higher Voltage to the heater, and 
the power is wasted. 
To reduce the ON resistance of the driver transistor 207, it 

is necessary to raise the Voltage to be applied to the gate of the 
driver transistor. For this purpose, in the circuit shown in FIG. 
4A, it is necessary to convert the Voltage into a pulse Voltage 
higher than the voltage VDD. The circuit shown in FIG. 4A 
has the power supply line 204 of the voltage VHT higher than 
the voltage VDD so that the buffer circuit including the 
inverter circuit 208 converts the block enable signal input by 
the pulse of the voltage VDD into a pulse of the voltage VHT. 
After conversion, the pulse of the voltage VHT is applied to 
the gate of the driver transistor 207. That is, signal exchange 
with an external device and signal processing in the internal 
digital circuits are done in accordance with the pulse of the 
voltage VDD (logic circuit driving voltage). In the circuit 
shown in FIG. 4A, an amplitude conversion circuit (level 
converter) which converts the voltage into the pulse of the 
voltage VHT (switching element driving voltage) is added to 
each segment immediately before driving the gate of the 
driver transistor 207. In FIG. 3, reference numerals 116 
denote the level converters of the plurality of segments. 

Generally, a printhead has a plurality of segments arrayed 
at a high density. When the segments are arranged at a density 
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of e.g., 600 dpi, the array-direction width per segment is 
limited to about 42.3 Lum. To arrange, in this pitch, all circuits 
for driving the segments in FIG. 4A, the size in a direction 
perpendicular to the array direction of the segments needs to 
increase. 

FIG. 9 is an equivalent circuit diagram showing the 
detailed structure of the level converter portion in FIG. 4A. As 
is apparent from FIG. 9, since the level converter portion 
(especially level conversion unit) includes a number of tran 
sistors, the area of the necessary element Substrate increases. 

However, when a level converter is added to each segment, 
the length of the segment increases. This leads to an increase 
in the size of the element substrate for the printhead, resulting 
in an increase in cost. More specifically, in the above-de 
scribed substrate structure, the element substrate spreads in 
the direction perpendicular to the segment array direction, 
and the size of the element Substrate conspicuously increases. 
When a level converter is added to each of, e.g., 256 segments 
of a printhead, at least 256 inverters are necessary, resulting in 
an increase in cost. 

To solve this problem, U.S. Publication No. 2006/0209131 
discloses a circuit arrangement which converts a logic circuit 
driving Voltage into a printing element driving Voltage with 
out increasing the length in the direction perpendicular to the 
segment array direction. 

FIG. 10 is a view for explaining the arrangement of U.S. 
Publication No. 2006/0209131. The same reference numerals 
as in FIG.3 denote the same parts in FIG. 10, and a descrip 
tion thereof will not be repeated unless they are particularly 
different from FIG. 3. 

In FIG. 10, the level converter 116 is provided in the output 
stage of each decoder 107 and the output stage of each shift 
register 103. 

FIG. 2A is an equivalent circuit diagram, different from 
FIG.4A, corresponding to one segment having one heater and 
a corresponding driver in a conventional printing element. 
FIG. 2B is an equivalent circuit diagram, different from FIG. 
4B, corresponding to one bit of the shift register and latch 
circuit to temporarily store print data. 

In the element substrate 100 in FIG. 10, the level converter 
is added to the output portion of each of the shift registers 103 
and decoders 107, unlike the element substrate 100 in FIGS. 
3 and 4A in which the level converter is added to each seg 
ment. That is, the voltage rises before the AND circuit 201 
calculates the logical product of the output signal (block 
enable signal) from the decoder 107 and the output signal 
(print data signal) from the shift register 103. Hence, as 
shown in FIG. 2A, a pulse signal stepped up to the Voltage 
VHT is input to each segment. This obviates the level con 
verter of each segment so that the area of the element substrate 
can be reduced. 

Since a high voltage is applied to the AND circuit 201 that 
calculates a logical product for each segment, high-voltage 
proof elements are necessary as transistors included in the 
AND circuit 201. Conventionally, the transistors are formed 
from low-voltage-proof elements because only a low Voltage 
corresponding to the logic circuit driving Voltage is applied to 
this portion. In the technique disclosed in U.S. Publication 
No. 2006/0209131, the breakdown voltage of this portion is 
made higher than that for the transistors of the remaining 
logic circuits. More specifically, high-voltage-proofelements 
are used as the transistors included in the AND circuit. 
When such high-voltage-proofelements (MOS transistors) 

are used, each transistor becomes larger than a low-voltage 
proof transistor. However, the size of the element substrate 
100 can be reduced because the number of level converters 
can be small, and they can be located far from the segments. 
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4 
FIG. 2B is a circuit diagram showing the arrangements of 

the shift register 103 and level converter 116. The level con 
verter (amplitude conversion circuit) is added to the output 
stage of the shift register 103 shown in FIG. 4B to convert the 
pulse voltage from the voltage VDD to the voltage VHT. 
The number of output stages of the shift register 103 or 

decoder 107 is determined by the division count in time 
divisionally driving all segments. The division count is about 
8 to 32. For example, when 256 segments are divided into 16 
blocks (each block includes 16 segments), the necessary 
number of level converters 116 is 16x2 (shift register side and 
decoder side)-32. The number greatly decreases as compared 
to the arrangement with the level converters 116 added to all 
segments. For this reason, the length of the element Substrate 
100 in the direction perpendicular to the segment array direc 
tion can decrease. The level converters 116 added to the shift 
registers 103 and decoders 107 increase the length of the 
element substrate 100 in the array direction. However, this 
increase is insignificant relative to the decrease in the length 
in the perpendicular direction. The total area of the element 
substrate 100 decreases. 
An inkjet printing apparatus is required to execute printing 

at a higher speed. For this reason, the number of orifices of the 
printhead increases, and the density of the orifices becomes 
high. Since the number of ink colors, the number of ink 
Supply ports, and the number of orifice arrays also increase, 
the area of the element Substrate becomes large. 

FIG. 12 is a view showing the arrangement and vertical 
positional relationship of two adjacent segments on an ele 
ment substrate with a segment density of 1,200 dpi. On the 
element substrate, heaters 206.a for a medium discharge 
amount (2.5 pl) and heaters 206b for a small discharge 
amount (1 pl) are arranged at a pitch of 1,200 dpi from the side 
close to the ink supply port 102. Orifices are schematically 
illustrated on the heaters. These heaters are connected to 
transistors 207a and 207b by wirings (not shown). 

Corresponding level converters 116a and 116b are 
arranged on the side far from the ink supply port. When the 
pitch is 1,200 dpi, the array-direction width per segment is 
only 21 Lum. For this reason, it is impossible to arrange two 
level converters in the segment array direction. Two level 
converters are arranged in the segment array direction and in 
the vertical direction. Since the area of a level converter is 
large, the width of the element substrate increases. 
The arrangement disclosed in U.S. Publication No. 2006/ 

0209131 can generally reduce the area of the element sub 
strate but poses several problems in a recently required long 
length high-definition head. In FIG. 10 which explains U.S. 
Publication No. 2006/0209131, the wiring of the high-volt 
age pulse signal output from the level converter 116 has a long 
length from one end to the other end of the element substrate 
in the long side direction. For this reason, consideration from 
the viewpoint of design must be given to radiation noise. 
More specifically, it is necessary to ensure a large space 
between the wirings or pass GND wirings between the wir 
1ngS. 

Recently, it is required to arrange a number of segments at 
a high density. For example, it is necessary to arrange 512 
orifices at 1,200 dpi or 1,024 orifices at 2,400 dpi. When the 
number of segments increases, the number of wirings for the 
data signal and the number of wirings for the block enable 
signal increase. This may also raise the increase ratio of the 
chip width due to the above-described radiation noise mea 
Sure and reduce the shrink effect generated by decreasing the 
number of level converters. FIG. 13 shows this state. 

FIG. 13 is a view showing the arrangement and vertical 
positional relationship of two adjacent segments. On the ele 



US 8, 191996 B2 
5 

ment substrate, the heaters 206.a for a medium discharge 
amount (2.5 pl) and the heaters 206b for a small discharge 
amount (1 pl) are arranged at a pitch of 1,200 dpi from the side 
close to the ink supply port 102. Orifices are schematically 
illustrated on the heaters. These heaters are connected to the 
transistors 207a and 207b by wirings (not shown). An AND 
circuit 119 which is operated by a high-voltage signal exists 
next to each transistor. Reference numeral 118 denotes wir 
ings for a print data signal and block enable signal. The 
wirings 118 receive a high-voltage pulse signal, as described 
above. Hence, the high-voltage signal wirings are spaced 
apart from each other, and GND wirings are arranged 
between them, as indicated by dotted lines. The area occupied 
by the wirings 118 increases and cancels the width reducing 
effect obtained by eliminating level converters near the tran 
sistors. 

SUMMARY OF THE INVENTION 

The present invention is directed to an element substrate, 
and a printhead, head cartridge, and printing apparatus using 
the element substrate. 

According to the arrangement of the present invention, it is 
possible to provide an inexpensive printhead element Sub 
strate which prevents an increase in the length in a direction 
perpendicular to the segment array direction even in a long 
length high-definition head, and a printhead, head cartridge, 
and printing apparatus using the element Substrate. 

According to one aspect of the present invention, prefer 
ably, there is provided a printhead element Substrate having a 
plurality of electrothermal transducers and a plurality of 
switching elements provided in correspondence with the plu 
rality of electrothermal transducers to drive the electrother 
mal transducers, comprising an electrothermal transducer 
selection circuit which receives a print data signal and a block 
enable signal to divide the plurality of electrothermal trans 
ducers into a plurality of blocks, and selectively and time 
divisionally drive the blocks and outputs a driving signal, a 
level converter which is provided for a set of a plurality of 
Switching elements corresponding to adjacent electrothermal 
transducers and steps up the input driving signal, and a selec 
tion circuit which selects, from the adjacent Switching ele 
ments on the basis of an externally input selection signal, a 
Supply destination of the driving signal output from the level 
converter. 

According to another aspect of the present invention, pref 
erably, there is provided a printhead which has an element 
Substrate having a plurality of electrothermal transducers and 
a plurality of Switching elements provided in correspondence 
with the plurality of electrothermal transducers to drive the 
electrothermal transducers, the element Substrate comprises 
an electrothermal transducer selection circuit which receives 
a print data signal and a block enable signal to divide the 
plurality of electrothermal transducers into a plurality of 
blocks, and selectively and time-divisionally drive the blocks 
and outputs a driving signal, a level converter which is pro 
vided for a set of a plurality of switching elements corre 
sponding to adjacent electrothermal transducers and steps up 
the input driving signal, and a selection circuit which selects, 
from the adjacent Switching elements on the basis of an exter 
nally input selection signal, a Supply destination of the driv 
ing signal output from the level converter. 

According to still another aspect of the present invention, 
preferably, there is provided a head cartridge which has a 
printhead including an element Substrate having a plurality of 
electrothermal transducers and a plurality of Switching ele 
ments provided in correspondence with the plurality of elec 
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6 
trothermal transducers to drive the electrothermal transduc 
ers, and an ink tank containing ink, the element Substrate 
comprises an electrothermal transducer selection circuit 
which receives a print data signal and a block enable signal to 
divide the plurality of electrothermal transducers into a plu 
rality of blocks, and selectively and time-divisionally drive 
the blocks and outputs a driving signal, a level converter 
which is provided for a set of a plurality of switching elements 
corresponding to adjacent electrothermal transducers and 
steps up the input driving signal, and a selection circuit which 
selects, from the adjacent Switching elements on the basis of 
an externally input selection signal, a Supply destination of 
the driving signal output from the level converter. 

According to still another aspect of the present invention, 
preferably, there is provided a printing apparatus which has a 
printhead including an element Substrate having a plurality of 
electrothermal transducers and a plurality of Switching ele 
ments provided in correspondence with the plurality of elec 
trothermal transducers to drive the electrothermal transduc 
ers, the element Substrate comprises an electrothermal 
transducer selection circuit which receives a print data signal 
and a block enable signal to divide the plurality of electro 
thermal transducers into a plurality of blocks, and selectively 
and time-divisionally drive the blocks and outputs a driving 
signal a level converter which is provided for a set of a 
plurality of Switching elements corresponding to adjacent 
electrothermal transducers and steps up the input driving 
signal, and a selection circuit which selects, from the adjacent 
Switching elements on the basis of an externally input selec 
tion signal, a Supply destination of the driving signal output 
from the level converter. 
The invention is particularly advantageous since it is pos 

sible to provide an inexpensive printhead element substrate 
which prevents an increase in the length in a direction per 
pendicular to the segment array direction even in a long 
length high-definition head, and a printhead, head cartridge, 
and printing apparatus using the element Substrate. 

Further features of the present invention will become 
apparent from the following description of exemplary 
embodiments (with reference to the attached drawings). 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A and 1B are views showing an inkjet printhead 
element Substrate according to the first embodiment; 

FIGS. 2A and 2B are an equivalent circuit diagram corre 
sponding to one segment of a driver and heater portion in a 
conventional printing element, and an equivalent circuit dia 
gram corresponding to one bit of a shift register and a latch 
circuit, respectively; 

FIG.3 is a view schematically showing an inkjet printhead 
element substrate; 

FIGS. 4A and 4B are an equivalent circuit diagram corre 
sponding to one segment of a driver and heater portion in a 
conventional printing element, and an equivalent circuit dia 
gram corresponding to one bit of a shift register and a latch 
circuit, respectively; 

FIG.5 is a timing chart for explaining a series of operations 
of sending print information to the shift register and Supply 
ing a current to the heaters to drive them; 

FIG. 6 is an external perspective view showing the sche 
matic arrangement of an inkjet printing apparatus according 
to a typical embodiment of the present invention; 

FIG. 7 is a block diagram showing the arrangement of a 
control circuit of the inkjet printing apparatus according to 
the typical embodiment of the present invention; 
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FIG. 8 is an external perspective view showing the arrange 
ment of a head cartridge that integrates an ink tank and a 
printhead according to a typical embodiment of the present 
invention; 

FIG. 9 is an equivalent circuit diagram showing the 
detailed structure of a conventional level converter portion; 

FIG. 10 is a view for explaining a conventional inkjet 
printhead element substrate; 

FIG. 11 is a view showing the arrangement and vertical 
positional relationship of two adjacent segments in FIG. 1A: 

FIG. 12 is a view showing the arrangement and vertical 
positional relationship of two adjacent segments in a conven 
tional element substrate; 

FIG. 13 is a view showing the arrangement and vertical 
positional relationship of two adjacent segments in a conven 
tional element substrate; 

FIG. 14 is a circuit diagram showing the circuits of two 
adjacent segments in FIG. 1A; and 

FIGS. 15A and 15B are views showing an inkjet printhead 
element Substrate according to the second embodiment. 

DESCRIPTION OF THE EMBODIMENTS 

The embodiments of the present invention will be 
described next with reference to the accompanying drawings. 

In this specification, the terms “print” and “printing not 
only include the formation of significant information Such as 
characters and graphics, but also broadly includes the forma 
tion of images, figures, patterns, and the like on a print 
medium, or the processing of the medium, regardless of 
whether they are significant or insignificant and whether they 
are so visualized as to be visually perceivable by humans. 

Also, the term “print medium' not only includes a paper 
sheet used in common printing apparatuses, but also broadly 
includes materials. Such as cloth, a plastic film, a metal plate, 
glass, ceramics, wood, and leather, capable of accepting ink. 

Furthermore, the term “ink' (to be also referred to as a 
“liquid hereinafter) should be extensively interpreted similar 
to the definition of “print” described above. That is, “ink' 
includes a liquid which, when applied onto a print medium, 
can form images, figures, patterns, and the like, can process 
the print medium, and can process ink (e.g., can Solidify or 
insolubilize a coloring agent contained in ink applied to the 
print medium). 
An "element substrate in the description indicates not a 

simple Substrate made of a silicon semiconductor but a Sub 
strate with elements and wirings. 
An expression"on an element Substrate indicates not only 

“on the surface of an element substrate' but also “inside of an 
element substrate near its surface'. A term “built-in' indi 
cates not simply "arrange separate elements on a Substrate 
but “integrally form elements on an element Substrate in a 
semiconductor circuit manufacturing process'. 

Inkjet Printing Apparatus 
FIG. 6 is an external perspective view showing the sche 

matic arrangement of an inkjet printing apparatus (IJRA) 
according to a typical embodiment of the present invention. 

Referring to FIG. 6, a carriage HC engages with a helical 
groove 5004 of a lead screw 5005 which rotates via driving 
force transmission gears 5009 to 5011 interlockingly with the 
forward/reverse rotation of a driving motor 5013. The car 
riage HC has a pin (not shown) and reciprocally moves in the 
directions of arrows a and b while being Supported by a guide 
rail 5003. An integrated inkjet cartridge IJC incorporating a 
printhead IJH and an ink tank IT is mounted on the carriage 
HC. A paper press plate 5002 presses a print medium P 
against a platen 5000 in the moving direction of the carriage 
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8 
HC. Photocouplers 5007 and 5008 confirm the presence of a 
lever 5006 of the carriage HC and detect whether the carriage 
HC is located at the home position to, e.g., Switch the rota 
tional direction of the motor 5013. A member 5016 supports 
a cap member 5022 that caps the front of the printhead IJH. A 
suction device 5015 sucks the cap to do suction recovery of 
the printhead through an opening 5023 in the cap. 
A cleaning blade 5017 and a member 5019 which moves 

the blade back and forth are supported by a main body support 
plate 5018. Not the blade with this form but any other known 
cleaning blade is applicable to the embodiment. A lever 5021 
is used to start suction in suction recovery. The lever 5021 
moves as a cam 5020 engaging with the carriage moves. The 
movement is controlled by a known transfer mechanism Such 
as clutch switching to transfer the driving force from the 
driving motor. 
When the carriage comes to the area on the home position 

side, a desired process of the capping, cleaning, and Suction 
recovery is executed at a corresponding position by the func 
tion of the lead screw 5005. Any other arrangement is appli 
cable to the embodiment if a desired operation can be done at 
a known timing. 

Control Arrangement of Inkjet Printing Apparatus 
A control arrangement for executing print control of the 

above described apparatus will be described next. 
FIG. 7 is a block diagram showing the arrangement of the 

control circuit of the printing apparatus IJRA. 
Referring to FIG. 7, reference numeral 1700 denotes an 

interface that inputs a print signal from, e.g., a host computer; 
1701, an MPU; 1702, a ROM that stores a control program to 
be executed by the MPU 1701: 1703, a DRAM that saves 
various kinds of data (e.g., the print signal and print data to be 
supplied to the printhead IJH). A gate array (G.A.) 1704 
controls print data Supply to the printhead IJH and data trans 
fer between the interface 1700, MPU 1701, and RAM 1703. 
A carrier motor 1710 conveys the printhead. A conveyance 
motor 1709 conveys a print medium. A motor driver 1706 
drives the conveyance motor 1709. A motor driver 1707 
drives the carrier motor 1710. Reference symbol IJH denotes 
a printhead. Reference numeral 100 denotes an element sub 
Strate. 

The operation of the control arrangement will be described. 
When a print signal is input to the interface 1700, the print 
signal is converted into print data for printing between the 
gate array 1704 and the MPU 1701. The motor drivers 1706 
and 1707 are driven. In addition, the printhead IJH and ele 
ment substrate 100 are driven in accordance with the print 
data so that printing is executed. 

Head Cartridge 
FIG. 8 is an external perspective view showing the arrange 

ment of the head cartridge IJC that integrates the ink tank and 
printhead. Referring to FIG. 8, a dotted line K indicates the 
boundary between the ink tank IT and the printhead IJH. The 
head cartridge IJC has an electrode (not shown) to receive an 
electrical signal Supplied from the side of a carriage 2 when 
the head cartridge IJC is mounted on the carriage 2. The 
electrical signal drives the printhead IJH to discharge ink, as 
described above. 

Reference numeral 500 in FIG. 8 denotes an orifice array. 

First Embodiment 

The result of examinations to the present invention and the 
effect of the present invention will be explained below in 
detail by describing the first embodiment. 

For an inkjet printhead, element Substrate driving method 
determination and circuit design are done in consideration of 
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a fluid behavior for discharging ink droplets and making them 
fly in air and land. As fundamental examinations to simulta 
neously achieve an appropriate element Substrate area, high 
speed printing, and high-definition image printing, the 
present inventors examined the relationship between the ele- 5 
ment Substrate driving method and the ink droplet landing 
accuracy by using a printhead having segments arranged at a 
density of 1,200 dpi. 

In the printhead used for the examinations, orifices for a 
discharge amount of 1 pl are arranged on a side of the ink 
supply port at a pitch of 1,200 dpi while similar orifices are 
arranged on the other side by a shift corresponding to 2,400 
dpi. That is, the orifices for a discharge amount of 1 pl are 
arranged on both sides at a pitch of 2,400 dpi. 
As is known, when the number of times of ink droplet 

discharge per unit time exceeds a predetermined value in a 
printhead with orifices arranged at a high density, the landing 
positions on a print medium shift due to airflow caused by the 
ink droplets themselves especially at an end portion of the 20 
orifice array. 

This phenomenon become noticeable from printing using a 
printhead with an orifice density of 600 dpi and more con 
spicuous in printing using a printhead with a density more 
than 1,200 dpi. Especially in photo image printing by a serial 25 
printer, even a landing position shift of only several um 
greatly influences on the image quality. Hence, it was found 
that the number of orifices to simultaneously discharge can 
not exceed a predetermined value. More specifically, even 
orifices with the same discharge amount are arrayed at a high 30 
density, it is necessary to execute printing while thinning the 
orifices to reduce the number of times of discharge and 
increase the number of printing passes. For this reason, high 
speed printing is impossible even when the orifices are 
arranged at a high density. 35 
To reduce the total number of times of discharge to prevent 

the landing position shift due to airflow and enable high 
speed printing, orifices for a small discharge amount (e.g., 1 
pl) and those for a medium discharge amount (e.g., 2.5 pl) are 
alternately arranged at the same array density. In forming a 40 
print image with a high density, the orifices for a medium 
discharge amount are used. In this case, the total number of 
times of discharge can decrease as compared to a case 
wherein only the orifices for a small discharge amount are 
used. It is therefore possible to execute high-speed printing by 45 
decreasing the number of passes. 
As described above, the orifices are arranged in consider 

ation of the fluid behavior of ink droplets, and printing is done 
while thinning the orifices. Even a long-length printhead hav 
ing orifices arranged at a high density can exhibit the element 50 
Substrate area reduction effect at maximum while avoiding 
the problem posed by the circuit arrangement described in 
U.S. Publication No. 2006/0209131. 
The above description has been done assuming the purpose 

for coping with airflow. However, the present invention is not 55 
limited to this and is applicable to an arrangement which 
drives a plurality of adjacent heater at different timings. 

FIGS. 1A and 1B are views showing an inkjet printhead 
element Substrate according to this embodiment. 
The same reference numerals as in FIG.3 or 10 denote the 60 

same parts in FIGS. 1A and 1B, and a description thereof will 
not be repeated unless they are particularly different from 
FIG.3 or 10. 

Referring to FIG. 1A, a selection signal level converter 115 
steps up a selection signal (SEL) (to be described later) to a 65 
switching transistor driving voltage (VHT). The selection 
signal level converter 115 is connected to selection circuits 
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117 each of which selects heaters to be driven by selecting 
Switching elements to Supply a driving signal. 

FIG. 1B is a sectional view taken along a line A-A in FIG. 
1A. Ink supply ports 102 extend through the element sub 
strate. In FIG. 1B, orifices 141 are formed on the element 
substrate by using a photosensitive resin 140. 

FIG. 11 is a view showing the arrangement and vertical 
positional relationship of two adjacent segments in FIG. 1A. 
FIG. 14 is a circuit diagram showing the circuits of two 
segments adjacent in the direction of the length of the ink 
supply port 102 in FIG. 1A. 
A description will be made with reference to FIG. 11 and 

corresponding FIG. 14. On the element substrate, heaters 
206.a for a medium discharge amount (2.5 pl) and heaters 
206b for a small discharge amount (1 pl) are arranged at a 
pitch of 1,200 dpi from the side close to the ink supply port 
102. Orifices are schematically illustrated on the heaters in 
FIG. 11. These heaters are connected to transistors 207a and 
207b serving as Switching elements by wirings (not shown). 
The selection circuit 117 to select a driving target from the 
transistors 207a and 207b is provided between a level con 
verter 116 and the transistors 207a and 207b. 

Reference numeral 118 denotes wirings for a block enable 
signal as a digital circuit power Supply Voltage signal and a 
print data signal. The wirings 118 are arranged in the direction 
of the length of the ink supply port 102, as shown in FIG. 1A. 
An AND circuit 119 serves as a heater selection circuit (elec 
trothermal transducer selection circuit) which calculates the 
logical product of the block enable signal and the print data 
signal. The heater selection circuit need only selectively drive 
a heater on the basis of the block enable signal and print data 
signal, and any arrangement except the AND circuit may be 
used. The level converter 116 steps up the driving signal 
output from the AND circuit 119 to the switching transistor 
driving voltage (VHT). One level converter 116 is provided 
per set of heaters that are not driven simultaneously (in this 
embodiment, every set includes two heaters). 
The selection signal SEL to select the heaters 206b for 

achieving the small discharge amount or the heaters 206.a for 
achieving the medium discharge amount is input from the 
outside of the element substrate and converted from the digi 
tal circuit power Supply Voltage level into a Switching tran 
sistor driving Voltage level by the selection signal level con 
verter 115 near the connection pad spaced apart from the 
orifice array. The selection signal level converter 115 supplies 
the selection signal to the selection circuit 117 connected to 
the level converter 116 near the orifices through two wirings, 
i.e., the wirings of SEL and a logically inverted SELEB. 
A case wherein the heaters 206a are driven will be 

described. 
First, 1 (High) is input to the print data signal and block 

enable signal corresponding to the heaters 206a and 206b. 
When 1 (High) is input from the outside of the element 
substrate to the selection signal SEL, the selection signal level 
converter 115 steps up the selection signal SEL to the switch 
ing transistor driving voltage (VHT). Then, SEL=1 and logi 
cally inverted SELEB=0 are commonly input to all the selec 
tion circuits 117 corresponding to one array arranged in the 
direction of the length of the ink supply port 102. The signals 
from the selection signal level converter 115 may commonly 
be input to selection circuits corresponding to a plurality of 
arrays. 
The Selection circuit 117 shown in FIG. 14 includes NOR 

circuits. One input terminal 120 of the NOR circuit corre 
sponding to the heater 206a and transistor 207a receives 0 
(Low) when the print data signal and block enable signal are 
1 (High). The other input terminal 121 receives SELEB=0 
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(Low) when the selection signal SEL is 1 (High). The NOR 
circuit outputs 1 only when all input terminals receive 0. In 
this case, the switching transistor 207a is driven to flow a 
current to the heater 206a. 
On the other hand, the NOR circuit corresponding to the 

heater 206b and transistor 207b receives SEL=1 and outputs 
0. For this reason, the switching transistor 207b is not driven. 

To drive the heater 206b, 0 is input to the selection signal 
SEL from the outside of the element substrate. In this case, an 
input terminal 123 of the NOR circuit corresponding to the 
heater 206b and transistor 207b receives SEL=0 so that the 
NOR circuit outputs 1. The switching transistor 207b is 
driven to flow a current to the heater 206b. 
On the other hand, the NOR circuit corresponding to the 

heater 206a and transistor 207a receives SELB-1 and outputs 
0. The switching transistor 207a is not driven. 

That is, in this embodiment, the switching transistors 207a 
and 207b are not driven simultaneously. Instead, they are 
driven exclusively. For this reason, the adjacent switching 
transistors 207a and 207b can share the level converter 116. 

This allows to halve the necessary number of level convert 
ers 116 corresponding to the headers (206a and 206b) in this 
embodiment. Hence, the area of the element substrate can be 
reduced. 
AS for the selection signal wiring which is led by a long 

distance to supply a high-voltage signal, the space between 
the wirings must be large, or GND wirings must be provided 
between the wirings. However, only the wirings of the selec 
tion signals SEL and SELB are led to supply a high-voltage 
signal. Many wirings 118 of the block enable signal and print 
data signal Supply a low-voltage signal (digital circuit power 
Supply voltage) as usual. Since the minimum wiring rule is 
usable as usual, the element substrate area does not increase 
wastefully. 

Second Embodiment 

FIG. 15A is a view showing an inkjet printhead element 
substrate according to the second embodiment. 
The first embodiment is applied to a printhead in which ink 

Supply ports are provided in an element substrate to supply 
ink, and ink droplets are discharged in a direction perpendicu 
lar to the heater surface (on a side opposing the heater sur 
face). The embodiment shown in FIGS. 15A and 15B is 
applied to a printhead in which ink is supplied from the edges 
on both sides of an element substrate to discharge ink droplets 
in a direction perpendicular to the heater surface. 
FIG.15B is a sectional view taken along a line A-A in FIG. 

15A. Ink supply ports 102 extend on both sides of the element 
Substrate. In FIG. 15B, orifices 141 are formed on the element 
substrate by using a photosensitive resin 140. 

In the second embodiment, heaters for a small discharge 
amount and those for a medium discharge amount, which 
share level converters 116, are alternately arranged and exclu 
sively driven, as in the first embodiment. 

Even in this embodiment, since the number of level con 
verters can be reduced, the area of the element substrate can 
effectively be reduced, as in the first embodiment. 

In the first and second embodiments, orifices for different 
discharge amounts are exclusively driven. The arrangement 
of the present invention is also applicable to effectively 
reduce the area of the input terminal even in exclusively 
driving orifices for the same discharge amount. 

While the present invention has been described with refer 
ence to exemplary embodiments, it is to be understood that 
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12 
the invention is not limited to the disclosed exemplary 
embodiments. The scope of the following claims is to be 
accorded the broadest interpretation so as to encompass all 
Such modifications and equivalent structures and functions. 

This application claims the benefit of Japanese Patent 
Application No. 2006-273414, filed Oct. 4, 2006, which is 
hereby incorporated by reference herein in its entirety. 

What is claimed is: 
1. A printhead element substrate having a plurality of sets 

of electrothermal transducers, each of the plurality of sets of 
electrothermal transducers including a first electrothermal 
transducer and a second electrothermal transducer, and a 
plurality of sets of switching elements provided in correspon 
dence with the plurality of sets of electrothermal transducers 
to drive the first electrothermal transducer and the second 
electrothermal transducer, comprising: 

an electrothermal transducer selection circuit which 
receives a print data signal and a block enable signal to 
divide the plurality of sets of electrothermal transducers 
into a plurality of blocks, and selectively and time-divi 
sionally drive the blocks and outputs a driving signal; 

a plurality of level converters, each of which is provided for 
each of the plurality of sets of switching elements and 
steps up the input driving signal; 

a plurality of switching element selection circuits, each of 
which selects, from the plurality of sets of switching 
elements on the basis of an externally input selection 
signal, a supply destination of the driving signal output 
from the level converter; and 

a selection signal level converter which steps up the exter 
nally input selection signal to be supplied to each of the 
plurality of switching element selection circuits. 

2. The substrate according to claim 1, further comprising a 
time-divisional selection circuit which generates the block 
enable signal. 

3. The substrate according to claim 1, further comprising 
an ink supply port to supply ink, 

wherein the plurality of sets of electrothermal transducers 
are arrayed along the ink supply port, and 

the plurality of level converters are arranged along an array 
of the electrothermal transducers. 

4. The substrate according to claim 1, wherein the element 
substrate is for an inkjet printhead. 

5. The substrate according to claim 1, wherein a discharge 
amount of the first electrothermal transducer is different from 
a discharge amount of the second electrothermal transducer. 

6. The substrate according to claim 1, wherein a selection 
signal from the selection signal level converter is commonly 
inputted to the plurality of Switching element selection cir 
cuits. 

7. The substrate according to claim 1, wherein a switching 
element, a switching element selection circuit and a level 
converter are arranged in a predetermined direction in order. 

8. A printhead comprising the substrate as defined in claim 
1. 

9. The substrate according to claim 2, wherein wirings of 
the print data signal and the block enable signal are arranged 
in a direction along a longitudinal direction of the ink supply 
port. 

10. A printing apparatus comprising the printhead as 
defined in claim 8. 


