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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an ink jet re-
cording apparatus in which a plurality of recording modes
which set respectively a different correspondence of gra-
dation data and the ink amount of a dot are prepared and
these recording modes are applied selectively.
[0002] As a typical ink jet recording apparatus (here-
inafter simply referred to as a recording apparatus), a
printer and a plotter are known well. In this recording
apparatus, for example, a drive signal in which a plurality
of drive pulses are connected in series is generated.
Printing data including gradation data is transmitted to a
recording head, and the necessary drive pulses are se-
lected from the drive signal on the basis of this transmitted
printing data and supplied to a piezoelectric vibrator.
Hereby, the amount of ink droplets ejected from a nozzle
orifice is changed according to the gradation data.
[0003] For example, in a printer that sets four grada-
tions including non-recording printing data (gradation da-
ta 00), small-dot printing data (gradation data 01), middle-
dot printing data (gradation data 10), and large-dot print-
ing data (gradation data 11), the ink droplets that are
different in the amount according to the respective gra-
dations are ejected. Further, a plurality of recording
modes are prepared, which respectively set a different
correspondence of gradation data and the ink amount of
a dot, and drive control in which the plurality of recording
modes are selectively applied is performed. For example,
speedy recording is performed by applying a high-speed
recording mode in which a dot having the comparatively
large diameter is recorded, or recording of higher image
quality is performed by setting a high-resolution recording
mode in which a dot having the comparatively small di-
ameter even in the same gradation data is recorded.
Hereby, this printer corresponds to various requests.
[0004] On the other hand, the thickness of a recording
sheet on which an image is recorded is various so that
plain paper is about 0.1 mm in thickness, a postal card
is about 0.26 mm in thickness and board paper is about
1.2 mm in thickness. Therefore, an adjustment mecha-
nism for changing a distance (platen gap) between a plat-
en for guiding the recording sheet and the recording head
is provided. This adjustment mechanism is generally con-
stituted so as to move the recording head up and down,
and it sets a gap from a nozzle orifice of the recording
head to a surface of the recording sheet in the predeter-
mined range.
[0005] Recently, a recording apparatus is also consid-
ered, which has a border free print mode in which printing
is performed throughout all the area of four sides of the
recording sheet. In this recording apparatus, data to be
printed in a range that is wider a little than the width and
length of the recording sheet is prepared and ink droplets
are ejected up to the region over the four sides. Then, in
this recording apparatus, the ink droplets ejected to the

outside of the four sides of the recording sheet are ab-
sorbed by an absorber provided in the corresponding po-
sition on the rear surface of the platen.
[0006] Recently, greater improvement of image quality
is requested for the recording apparatus. In order to cor-
respond to this request, it is necessary to reduce further
the diameter of a recording dot, that is, to reduce the
amount of the ink droplet. However, in case of employing
a minute ink droplet (referred to as a super-minute ink
droplet for convenience of description), of which the
amount of ink is about 2pL (picoliter) that is extremely
small, viscous resistance of air makes a great influence.
Therefore, it is difficult for the super-minute ink droplet
to obtain the required jet speed, and in case that the
distance from the nozzle orifice to the recording sheet is
large, it is difficult to cause the ink droplet to reach the
recording sheet. Particularly, in case that the platen gap
is set large by the above platen gap adjustment mecha-
nism, it is more difficult to cause the ink droplet reach the
recording sheet.
[0007] Further, though it is necessary to cause the ink
droplet to reach the absorber in the border free print
mode, since this absorber is provided on the rear surface
of the platen, the distance from the nozzle orifice to the
platen is farther than the distance from the nozzle orifice
to the recording sheet. Therefore, it is difficult to cause
the absorber to absorb the super-minute ink droplet.
[0008] Further, EP 0 982 146 A2 discloses a bi-direc-
tional printer capable of printing on a printing medium in
both a forward scan and a reverse scan by a printing
head.

SUMMARY OF THE INVENTION

[0009] In view of these circumstances, an object of the
invention is to provide an ink jet recording apparatus that
can prevent a super-minute ink droplet from becoming
misty.
[0010] In order to solve the aforesaid object, the inven-
tion is characterized by having the following arrange-
ment.

(1) An ink jet recording apparatus includes;

a recording mode setting unit for setting a re-
cording mode from a plurality recording modes
that are different in a correspondence of grada-
tion data and amount of ink;
a drive signal generator for generating a drive
signal selected from various kinds of drive sig-
nals according to the recoding mode set by the
recording mode setting unit;
a recording head for ejecting an ink droplet from
a nozzle orifice thereof according to the drive
pulse; and
a recording mode limit unit for judging whether
the recording mode set by the recording mode
setting unit is a usable recording mode for re-
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cording, and

I) a gap detector for detecting a platen gap
from the nozzle orifice, wherein the record-
ing limit unit judges whether the recording
mode set by the recording mode setting unit
is a usable recording mode for recording ac-
cording to the platen gap detected by the
gap detector, and/or
II) wherein the recording limit unit judges
whether the recording mode set by the re-
cording mode setting unit is a usable record-
ing mode for recording according to whether
a border free print mode in which printing is
performed up to borders of a recording
sheet is set or not.

(2) The ink jet recording apparatus according to (1)
further comprising

a recording mode switching unit for switching
the recording mode to one of the usable record-
ing modes when the recording mode set by the
recording mode setting unit is not the usable re-
cording mode.

(3) The ink jet recording apparatus according to any
one of (1) to (2) further comprising:

a notice unit for notifying that the recording mode
set by the recording mode setting unit is not the
usable recording mode when the recording
mode limit unit judges that the recording mode
set by the recording mode setting unit is not the
usable recording modes.

(4) The ink jet recording apparatus according to (3),
wherein the notice unit notifies that the recording
mode is not the usable recording mode by sending
an error code to a host computer.
(5) The ink jet recording apparatus according to any
one of (1) to (4), wherein inks ejected respectively
by the various kinds of drive signals generated by
the drive signal generator are different in the mini-
mum amount.

[0011] The present disclosure relates to the subject
matter contained in Japanese patent application No.
2000-316256 (filed on October 17, 2000).

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Fig. 1 is a perspective view of an ink jet printer.
Fig. 2 is an enlarged side view of an adjustment sec-
tion of a platen gap.
Fig. 3 is a sectional view for explaining the inner

structure of a recording head.
Fig. 4 is an enlarged sectional view of a flow passage
unit of the recording head shown in Fig. 3.
Fig. 5 is a block diagram for explaining the electrical
constitution of the printer.
Fig. 6 is a waveform chart showing a first drive signal
and drive pulses included in the first drive signal.
Fig. 7 is a waveform chart showing a second drive
signal and drive pulses included in the second drive
signal.
Fig. 8 is a waveform chart showing a third drive signal
and drive pulses included in the third drive signal.
Fig. 9 is a characteristic graph showing relationship
between jetting speed and flying distance of an ink
droplet.
Fig. 10 is an explanatory view of usable recording
modes.
Fig. 11 is a flowchart of a control operation.
Fig. 12 is another flowchart of the control operation.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0013] An embodiment according to the present inven-
tion will be described below with reference to drawings.
Fig. 1 is a perspective view of an ink jet printer that is
typical of an ink jet recording apparatus. Firstly, the whole
constitution will be described with reference to Fig. 1.
[0014] In an ink jet printer 1, a carriage 2 is movably
attached to a guide shaft 3, and this carriage 2 is con-
nected to a timing belt 6 laid between a drive pulley 4
and an idling pulley 5. The drive pulley 4 is connected to
a rotational shaft of a pulse motor 7, and the carriage 2
is moved in the width direction (main scanning direction)
of a recording sheet 8 by driving the pulse motor 7. An
ink cartridge 9 is detachably attached to the upside of
the carriage 2, and a recording head 10 is attached to
the surface (lower surface) of the carriage opposed to
the recording sheet 8. A platen 12 is arranged below the
guide shaft 3 in parallel with the guide shaft 3.
[0015] The platen 12 comprises a plate-shaped mem-
ber for guiding the recording sheet 8. On the upstream
side in the sheet feeding direction (corresponding to the
sub-scanning direction) of this platen 12, as shown in
Fig. 2, a pair of sheet feeding rollers 13a, 13b are ar-
ranged in a state where they face to a roller window 12a.
These sheet feeding rollers 13a, 13b are rotated and driv-
en by action of a sheet feeding motor 13c, and transport
the recording sheet 8 in the sheet feeding direction.
[0016] A gap adjustment mechanism is provided at one
end portion of the guide shaft 3. The gap adjustment
mechanism in this embodiment is a mechanism for ad-
justing a gap (hereinafter referred to as a platen gap)
from a nozzle orifice 33 (refer to Fig. 4) of the recording
head 10 to the platen 12 by moving the recording head
10 up and down. As shown in Fig. 2, this gap adjustment
mechanism comprises an eccentric cam 14 supporting
the guide shaft 3 in an eccentric state in which the guide
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shaft 3 is out of a rotational center, an adjustment lever
15 coupled to the eccentric cam 14, and a platen gap
detecting sensor 16 provided in a position corresponding
to the moving range of the adjustment lever 15 in which
the operation state of the detecting sensor is changed
according to the position of the adjustment lever 15.
[0017] In this gap adjustment mechanism, the adjust-
ment lever 15 is rotated about a supporting shaft 15a,
thereby the eccentric cam 14 is rotated and the guide
shaft 3 is moved up and down. With the up-and-down
movement of this guide shaft 3, the carriage 2 is moved
up and down, so that the platen gap is changed. For
example, in case that the adjustment lever 15 is moved
to a side <0>, as shown by a solid line in Fig. 2, the guide
shaft 3 is moved downward. This state becomes a normal
state in which the carriage 2 and the recording head 10
(nozzle orifice 33) approach the platen 12. On the other
hand, in case that the adjustment lever 15 is moved to a
side <+ >, as shown by a virtual line of a two-dot chain
line, the guide shaft is moved upward. In this state, the
recording head 10 (nozzle orifice 33) is more distant from
the plate 12 than in the normal state, so that the platen
gap is enlarged. In the following description, a state in
which the platen gap is enlarged is taken as a "large gap"
state.
[0018] In case of a comparatively thin recording sheet
such as plain paper, the adjustment lever 15 is moved
to the side <0> (thin paper side) thereby to set the platen
gap in the normal state. On the other hand, in case of a
comparatively thick recording sheet 8 such as board pa-
per, the adjustment lever 15 is moved to the side <+>
(thick paper side) and the guide shaft 3 is pulled up there-
by to set the platen gap in the state of the large gap. By
thus adjusting the platen gap, the gap from the nozzle
orifice 33 to the recording surface of the recording sheet
8 is set in the predetermined range suitable for recording.
[0019] The platen gap detecting sensor 16 is a kind of
the gap detector of the invention, and is constituted by a
so-called micro-switch in this embodiment. When the ad-
justment lever 15 is moved to the side <+>, a switch of
the platen gap detecting sensor 16 is brought into contact
with the adjustment lever 15 and pushed on, so that the
platen gap detecting sensor 16 becomes an ON-state.
Further, when the adjustment lever 15 is moved from the
side <+> to the side <0>, the contacting state of the switch
with the adjustment lever 15 is released and the platen
gap detecting sensor 16 is switched to an OFF-state.
Accordingly, by watching the detection signals from this
platen gap detecting sensor 16, whether the gap from
the nozzle orifice 33 to the recording sheet 8 is in the
normal state (state of the small gap) or the state of the
large gap can be detected. In this embodiment, the de-
tection signals from the platen gap detecting sensor 16
are output to a control section 46 (refer to Fig. 5), so that
the control section 46 can perceive the platen gap.
[0020] Next, the structure of the recording head 10 will
be described. As shown in Fig. 3, the illustrated recording
head 10 includes a vibrator unit 23 in which a plurality of

piezoelectric vibrators 20, a fixed plate 21 and a flexible
cable 22 are united, a case 24 that can accommodate
the vibrator unit 23 therein, and a flow passage unit 25
connected to a leading end surface of the case 24.
[0021] The case 24 is a block-like member made of
synthetic resin, which forms a housing space 26 of which
leading and rear ends are opened. In the housing space
26, the vibrator unit 23 is housed and fixed. This vibrator
unit 23 is accommodated so that the comb teeth shaped
leading end (namely, leading end surface) of the piezo-
electric vibrator 20 is faced to the opening on the leading
end side, and the fixed plate 21 is bonded to a wall surface
of the housing space 26.
[0022] The piezoelectric element 20 is a kind of a pres-
sure generating element, and also a kind of an electro-
mechanical conversion element. This piezoelectric ele-
ment 20 is formed in the shape of comb-teeth cut into
needle-like pieces, and its base end portion is joined onto
the fixed plate 21. The leading end surface of each of the
piezoelectric vibrators 20 is brought into contact with and
fixed to an island portion 29 of the flow passage unit 25.
Further, the flexible cable 22 is electrically connected, at
the base end side surface of the vibrator where is on the
opposite side to the fixed plate 21, to each of the piezo-
electric vibrators 20.
[0023] As shown in Fig. 4, the flowpassage 25 is con-
stituted so that a nozzle plate 31 is arranged on one sur-
face side of a flow passage forming substrate 30 and an
elastic plate 32 is arranged on the other surface side
thereof opposed to the nozzle plate, so as to enclose the
flow passage forming substrate 30 therebetween.
[0024] The nozzle plate 31 is a thin plate made of stain-
less steel in which plural nozzle orifices 33 are formed in
a line at a pitch corresponding to the dot forming density.
In this embodiment, ninety-six nozzle orifices 33 are
formed at a pitch of 180 dpi, and these nozzle orifices 33
constitute a nozzle line. A plurality of nozzle lines are
formed so as to correspond to the kinds (for example,
color) of ink which can be ejected therefrom.
[0025] The flow passage forming substrate 30 is a
plate-like member, and forms a plurality of spaces, of
which each functions as a pressure chamber 34 corre-
sponding to each of the nozzle orifices 33 and is defined
by partition walls, and space functioning as an ink supply
port 35 and a common ink chamber 36. The flow passage
forming substrate 30 is formed, for example, by etching
a silicon wafer. The pressure chamber 34 is constituted
by a flat recess chamber. In a position of the pressure
chamber 34 where is most distant from the common ink
chamber 36, a nozzle communicating port 38 that com-
municates with the nozzle orifice 33 and the pressure
chamber 34 is provided by passing through the flow pas-
sage forming substrate 30 in the direction of thickness
of the plate.
[0026] The elastic plate 32 serves both as a diaphragm
portion for sealing one opening surface of the pressure
chamber 34 and a compliance portion for sealing one
opening surface of the common ink chamber 36, and has

5 6 



EP 1 199 170 B9

5

5

10

15

20

25

30

35

40

45

50

55

a double structure in which a resin film 40 such as PPS
(polyphenylene sulfide) is laminated on a stainless steel
plate 39. The island portion 29 is formed by annularly
etching a part of the stainless steel plate 39 functioning
as a diaphragm portion.
[0027] In the recording head 10 having the above con-
stitution, the piezoelectric vibrator 20 is expanded in the
longitudinal direction of the vibrator (i.e., in the vertical
direction) by discharging, thereby the island portion 29
is pressed on the nozzle plate 31 side, so that the resin
film 40 constituting the diaphragm portion is deformed
and the pressure chamber 34 is contracted. When the
piezoelectric vibrator 20 is contracted in the longitudinal
direction of the vibrator by charging, the pressure cham-
ber 34 is expanded by elasticity of the resin film 40. There-
fore, by controlling expansion and contraction of the pres-
sure chamber 34, the ink pressure in the pressure cham-
ber 34 changes and the ink droplet is ejected from the
nozzle orifice 33.
[0028] In the thus constructed printer 1, by an activat-
ing instruction of the recording operation, the ink droplets
are ejected from the recording head 10 in synchronization
with the movement of the carriage 2 in the direction of
paper width thereby to perform the main scanning, and
the sheet feeding rollers 13a, 13b are rotated in cooper-
ation with the reciprocating movement of the carriage 2
and the recording sheet 8 is moved in the sheet feeding
direction thereby to perform the sub-scanning. As a re-
sult, images, characters and the like on the basis of the
data to be printed are recorded on the recording sheet 8.
[0029] Further, this printer 1 can operates in a plurality
of recording modes which are different in the correspond-
ence of the gradation data and the amount of the ink
droplet. For example, the printer can operate in a high-
speed recording mode in which particular emphasis is
put on acceleration of the recording speed, in a first high-
resolution recording mode in which resolution of record-
ing is higher than that in the high-speed recordingmode,
and in a second high-resolution recording mode in which
resolution of recording is further higher than that in the
first high-resolution recording mode.
[0030] Further, in this printer 1, the recording operation
can be performed in a border free print mode in which
printing is performed throughout all the area of the re-
cording sheet 8. In this border free printing mode, the
width of the main scanning is enlarged fully in the width
direction of the recording sheet 8 to perform the printing
throughout all the area in the width direction of the re-
cording sheet 8. Further, also regarding front and back
sides of the recording sheet 8, printing is performed fully
up to the borders. In this recording operation, the print
data in a range that is wider a little than the area of the
recording sheet 8 is prepared, and the ink droplets are
ejected up to the area over the four sides of the recording
sheet. In order to prevent a stain with the ink droplets
that have not landed on the recording sheet 8, an ab-
sorber window 17 is provided in a position of the platen
12 where corresponds to the four sides of the recording

sheet 8, passing through the platen in the direction of the
plate thickness. An absorber 18 is arranged on the rear
surface side of the platen 12, and faced to this absorber
window 17.
[0031] This absorber 18 is constituted by a member
that can absorb ink and keep it therein. For example, a
foam material such as a sponge or a polymer absorber
is used preferably. The ink droplets ejected on the outside
of the each border of the recording sheet 8 is absorbed
and kept by the absorber 18.
[0032] Next, the electric constitution of the printer 1 will
be described. The illustrated printer, as shown in Fig. 5,
has a printer controller 41 and a print engine 42.
[0033] The printer controller 41 comprises an interface
43 (hereinafter, referred to as an external I/F 43) for re-
ceiving print data from a host computer (not shown), a
RAM 44 for storing various data, a ROM 45 for storing a
control routine for various data processing, a control sec-
tion 46 composed of a CPU, an oscillation circuit 47 for
generating a clock signal (CK), a drive signal generating
circuit 48 for generating a drive signal (COM) supplied
to the recording head 10, and an interface 49 (hereinafter
to as an internal I/F 49) for transmitting the printing data
(SI) in which data to be printed is expanded into dots and
drive signals to the print engine 42.
[0034] The external I/F 43 receives the print data com-
prising at least one of, for example, a character code,
graphic function, and image data from the host computer
or the like. Further, a control command (recording mode
setting data) for specifying the recording mode, transmit-
ted from the host computer, and a control command (bor-
der free print mode setting data) for specifying the border
free print mode are also input through this external I/F
43. On the other hand, the external I/F 43 outputs a busy
signal (BUSY) and an acknowledge signal (ACK) to the
host computer. Further, in case that the recording mode
on the basis of the recording mode setting data cannot
be used due to setting of the platen gap and the border
free print mode, an error code for notifying unfitness is
transmitted through the external I/F 43 to the host com-
puter.
[0035] The RAM 44 is used as a reception buffer, a
middle buffer, an output buffer, a work memory (not
shown), etc. In the reception buffer, the print data re-
ceived by the external I/F 43 from the host computer is
temporarily stored. In the middle buffer, middle code data
converted into a middle code by the control section 46 is
stored. In the output buffer, printing data (dot pattern da-
ta) of each dot is expanded. The ROM 45 stores therein
various control routines executed by the control section
46, font data, graphic function, and various procedures.
[0036] The drive signal generating circuit 48 is a kind
of a drive signal generator in the invention, and generates
various kinds of drive signals corresponding to the re-
cording modes. For example, the drive signal generating
circuit 48 generates a drive signal including various kinds
of drive pulses that are different in the volume of an ink
droplet and a drive signal in which various kinds of drive
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pulses that are equal in the volume of an ink droplet are
connected in series. The drive signal generating circuit
48 in this embodiment can generate three kinds of drive
signals comprising a first drive signal VSD1 used in the
high-speed recording mode, a second drive signal VSD2
used in the first high-resolution recording mode, and a
third drive signal VSD3 used in the second high-resolu-
tion recording mode. These drive signals are different in
the minimum amount of ink. Each of the drive signals will
be described later in detail.
[0037] The control section 46 reads out the print data
in the reception buffer, converts it into a middle code, and
stores this middle code data in the middle buffer. Further,
the control section 46 analyzes the middle code data read
out of the middle buffer, and expands the middle code
data into the above printing data with reference to the
font data and graphic function in the ROM 45. This print-
ing data is composed of gradation data of, for example,
two bits.
[0038] This expanded printing data is stored in the out-
put buffer. When the printing data corresponding to one
line of the recording head 10 is obtained, the printing data
(SI) for this one line is serially transmitted through the
internal I/F 49 to the recording head 10. When the printing
data for one line is transmitted from the output buffer, the
contents in the middle buffer are deleted and the next
conversion into a middle code is performed.
[0039] The control section 46 supplies a latch signal
(LAT) and a channel signal (CH) through the internal I/F
49 to the recording head 10. These latch signals and
channel signals specify a supply-start timing of the pulse
signal constituting the drive signal (COM).
[0040] Further, the control section 46 functions also as
a recording mode setting unit. On the basis of the record-
ing mode setting data from the host computer, the control
section 46 sets one recording mode from the above plu-
rality of recording modes. Further, it functions also as a
print mode setting unit. On the basis of the border free
print mode setting data from the host computer, the con-
trol section 46 sets the border free print mode or the nor-
mal print mode (print mode with borders).
[0041] Further, the control section 46 functions also as
a recording mode limiting unit. On the basis of the detec-
tion signal from the platen gap detecting sensor 16, the
control section 36 grasps a platen gap, and limits usable
recording modes to apart of three kinds of recording
modes (high-speed recording mode, first high-resolution
recording mode, and second high-resolution recording
mode) according to the grasped platen gap. Further, also
according to the existence of setting of the border free
print mode, the control section 36 limits usable recording
modes to a part of the three kinds of recording modes.
The detailed operation of this recording mode limit unit
will be described later.
[0042] The print engine 42 is constituted by an electric
drive system 11 of the recording head 10, a pulse motor
7 for moving the carriage 2, and a sheet feeding motor
13c.

[0043] The electric drive system 11 of the recording
head 10 includes a shift register circuit comprising a first
shift register 50 and a second shift register 51, a latch
circuit comprising a first latch circuit 52 and a second
latch circuit 53, a decoder 54, a control logic 55, a level
shifter 56, a switch circuit 57, and a piezoelectric vibrator
20. A plurality of the shift registers 50, 51, the circuits 52,
53, the decoders 54, the level shifters 56, the switch cir-
cuits 57, and the piezoelectric vibrators 20 are provided
correspondingly to the respective nozzle orifices 33 of
the recording head 10.
[0044] This recording head 10 ejects the ink droplets
on the basis of the printing data (gradation data) from the
printer controller 41. Namely, the printing data (SI) from
the printer controller 41, in synchronization with the clock
signal (CK) from the oscillation circuit 47, is serially trans-
mitted through the internal I/F 49 to the first shift register
50 and the second shift register 51. The printing data
from the printer controller 41 is a two-bit data, and rep-
resents four gradations comprising non-recording data,
small dot data, middle dot data, and large dot data. In
this embodiment, the non-recording data is gradation da-
ta (00), the small-dot data is gradation data (01), the mid-
dle-dot data is gradation data (10), and the large-dot data
is gradation data (11).
[0045] This printing data is set for each dot, that is, for
each nozzle orifice 33. Lower rank bit data (0-bit) regard-
ing the entire nozzle orifices 33 are input to the first shift
registers 50, and upper rank bit data (1-bit) regarding the
entire nozzle orifices are input to the second shift regis-
ters 51. When the latch signals (LAT) from the printer
controller 41 are input to the respective latch circuits 52,
53, the first latch circuits 52 latch the lower rank bit data
of the printing data, and the second latch circuits 53 latch
the upper rank bit data of the printing data.
[0046] The printing data latched by each of the latch
circuits 52, 53 is input to the corresponding decoder 54.
This decoder 54 translates the 2-bit printing data (grada-
tion data) and generates the pulse selection data. This
pulse selection data comprises the plural bits, and each
bit corresponds to each pulse signal constituting the drive
signal (COM). According to the contents [for example,
(0), (1)] of each bit, supply or non-supply of the pulse
signal to the piezoelectric vibrator 20 is selected. The
supply control of the pulse signal will be described later.
Further, timing signals from the control logic 55 are input
to the respective decoders 54. This control logic 55 gen-
erates the timing signal on the basis of the latch signal
(LAT) and the channel signal (CH).
[0047] The pulse selection data translated by each of
the decoders 54 is input to the level shifter 56 in the order
of the upper rank bit data each time the timing provided
by the timing signal comes. For example, at the first timing
in a print period, the uppermost rank bit data of the pulse
selection data is input to the level shifter 56, and at the
second timing, the second upper rank bit data of the pulse
selection data is input to the level shifter 56.
[0048] This level shifter 56 functions as a voltage am-
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plifier. In case that the pulse selection data is (1), the
level shifter 56 outputs an electric signal of which the
voltage is raised to a voltage by which the switch circuit
57 can driven, for example, to a voltage of about tens
volts. The pulse selection data (1) in which the voltage
has been raised by the level shifter 56 is supplied to the
switch circuit 57. This switch circuit 57 supplies selec-
tively the drive pulse included in the drive signal to the
piezoelectric vibrator 20 on the basis of the pulse selec-
tion data. The drive signal (COM) from the drive signal
generating circuit 48 is supplied to the input side of the
switch circuit 57. The piezoelectric vibrator 20 is connect-
ed to the output side of the switch circuit 57.
[0049] The pulse selection data controls the operation
of the switch circuit 57. For example, while the pulse se-
lection data supplied to the switch circuit 57 is (1), the
switch circuit 57 is in the On-state and the drive signal is
supplied to the piezoelectric vibrator 20, so that the po-
tential level of the piezoelectric vibrator 20 changes ac-
cording to this drive signal. On the other hand, while the
pulse selection data supplied to the switch circuit 57 is
(0), the electric signal for operating the switch circuit 57
is not output from the level shifter 56, so that the switch
circuit 57 is in the off-state and the drive signal is not
supplied to the piezoelectric vibrator 20. And, while the
pulse selection data is (0), the potential level of the pie-
zoelectric vibrator 20 keeps the potential level immedi-
ately before the pulse selection data is switched to (0).
[0050] Next, the drive signal (COM) generated by the
drive signal generating circuit 48 and the ejection control
of the ink droplet by this drive signal will be described.
This drive signal generating circuit 48 generates, accord-
ing to the set recording mode, the various kinds of drive
signals that are different in the amount of ejected ink
though the printing data (gradation data) are the same.
Fig. 6 is a waveform chart showing a first drive signal
VSD1 used in the high-speed recording mode, and drive
pulses DP1 to DP3 in this first drive signal VSD1. Fig. 7
is a waveform chart showing a second drive signal VSD2
used in the first high-resolution recording mode, and drive
pulses VP1, DP4, and DP5 in this second drive signal
VSD2. Fig. 8 is a waveform chart showing a third drive
signal VSD3 used in the second high-resolution record-
ing mode, and drive pulses VP2, DP6, and DP7 in this
third drive signal VSD3.
[0051] Firstly, the first drive signal VSD1 will be de-
scribed. As shown in Fig. 6, this first drive signal VSD1
includes the first drive pulse DP1, the second drive pulse
DP2, and the third drive pulse DP3 in a print period TA
in series, and is a signal that is produced repeatedly with
the print period TA.
[0052] Any of these first drive pulse DP1, second drive
pulse DP2, and third drive pulse DP3 have the same
waveform. This waveform is constituted by connecting
in order an expansion element in which the electrical po-
tential is raised from a middle electrical potential VM to
the highest electrical potential VH with such a gradient
that the ink droplet is not ejected, an expansion hold el-

ement in which the highest electrical potential VH is kept
for a predetermined time, an ejection element in which
the electrical potential is rapidly lowered from the highest
electrical potential VH to the lowest electrical potential
VL, a vibration-control hold element in which the lowest
electrical potential VL is kept for a predetermined time,
and a vibration-control element in which the electrical
potential is raised from the lowest electrical potential VL
to the middle electrical potential VM. Each of these drive
pulses DP1 to DP3 is a signal that can eject the ink droplet
independently. Namely, when one drive pulse is supplied
to the piezoelectric vibrator 20, the ink droplet of the vol-
ume by which the small dot can be formed is ejected from
the nozzle orifice 33. The amount of the ink droplet eject-
ed at this time is, for example, about 13.3pL. Namely,
this first drive signal VSD1 is a signal by which the ink
droplets that are equal in the ink volume can be ejected
plural times.
[0053] In the high-speed recording mode using this first
drive signal VSD1, the gradation control is performed by
increasing or decreasing the number of the drive pulses
supplied to the piezoelectric vibrator 20. For example, by
supplying one drive pulse, the small-dot recording is per-
formed, by supplying two drive pulses, the middle-dot
recording is performed, and by supplying three drive puls-
es, the large-dot recording is performed.
[0054] Accordingly, the decoder 54 generates 3-bit
pulse selection data according to the non-recording print-
ing data (gradation data 00), the small-dot printing data
(gradation data 01), the middle-dot printing data (grada-
tion data 10), and the large-dot printing data (gradation
data 11). Each bit of this pulse selection data corresponds
to each pulse signal. Namely, the uppermost rank bit of
the pulse section data corresponds to the first drive pulse
DP1, the second bit corresponds to the second drive
pulse DP2, and the lowermost rank bit corresponds to
the third drive pulse DP3. Therefore, the decoder 54 gen-
erates the pulse selection data (000) by translating the
non-recording printing data, generates the pulse selec-
tion data (010) by translating the small-dot printing data,
generates the pulse selection data (101) by translating
the middle-dot printing data, and generates the pulse se-
lection data (111) by translating the large-dot printing da-
ta.
[0055] Hereby, on the basis of the small-dot printing
data, only the second drive pulse DP2 is supplied to the
corresponding piezoelectric vibrator 20. Similarly, on the
middle-dot printing data, the first drive pulse DP1 and the
third drive pulse DP3 are supplied, and on the large-dot
printing data, the first drive pulse DP1, the second drive
pulse DP2, and the third drive pulse DP3 are continuously
supplied. As a result, the ink droplet of about 13.3pL is
ejected once from the nozzle orifice 33 in response to
the small-dot printing data, so that the small dot is formed
on the recording sheet 8. The ink droplet of about 13.3pL
is continuously ejected twice from the nozzle orifice 33
in response to the middle-dot printing data, so that the
middle dot by the ink droplet of about 26.6pL in total is
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formed on the recording sheet 8. Similarly, the ink droplet
of about 13.3pL is continuously ejected three times from
the nozzle orifice 33 in response to the large-dot printing
data, so that and the large dot by the ink droplet of about
40pL in total is formed on the recording sheet 8. There-
fore, the minimum amount of the ink in this high-speed
recording mode (first drive signal VSD1) is about 13.3pL.
[0056] Next, the second drive signal VSD2 will be de-
scribed. This second drive signal VSD2 is a signal includ-
ing various kinds of drive pulses that are different in the
amount of ink. Namely, as shown in Fig. 7, the second
drive signal VSD2 includes a slight vibration pulse VP1
for vibrating slightly a meniscus, a small-dot drive pulse
DP4 for ejecting a small-dot ink droplet, and a middle dot
drive pulse DP5 for ejects a middle-dot ink droplet in a
print period TB in series, and is a signal that is produced
repeatedly with the print period TB.
[0057] The slight vibration pulse VP1 comprises a
slight vibration expansion element in which the electrical
potential is raised from the lowest electrical potential VL
to a second lowest electrical potential VL1 that is higher
a little than VL with such a comparatively gentle potential
gradient that the ink droplet is not ejected, a slight vibra-
tion hold element in which the second lowest electrical
potential VL1 is kept for a predetermined time, and a
slight vibration contraction element in which the electrical
potential is lowered with a comparatively gentle potential
gradient from the second lowest electrical potential VL1
to the lowest electrical potential VL. When this slight vi-
bration pulse VP1 is supplied to the piezoelectric vibrator
20, the pressure change that is comparatively gentle is
produced in the pressure chamber 34, and the meniscus
vibrates slightly due to this pressure change.
[0058] The small-dot drive pulse DP4 is constituted by
a signal that connects in order an expansion element in
which the electrical potential is raised from the lowest
electrical potential VL to the highest electrical potential
VH with a comparatively sharp gradient, an expansion
hold element in which the highest electrical potential VH
is kept for a very short time, an ejection element in which
the electrical potential is lowered from the highest elec-
trical potential VH to the second highest electrical poten-
tial VH1 that is lower a little than this highest electrical
potential VH with a comparatively sharp gradient, an
ejection hold element in which the second highest elec-
trical potential VH1 is kept for a very short time, and a
vibration control element in which the electrical potential
is lowered from the second highest electrical potential
VH1 to the lowest electrical potential VL. When this small
dot drive pulse DP4 is supplied to the piezoelectric vibra-
tor 20, the ink droplet of the volume by which the small
dot can be formed, for example, the ink droplet of about
5.5pL is ejected from the nozzle orifice 33.
[0059] The middle-dot drive pulse DP includes an ejec-
tion pulse PS1 for ejecting the ink droplet, and a vibration-
control pulse PS2 that is generated after this ejection
pulse PS1 and suppresses the vibration of the meniscus
after ink droplet ejection. The ejection pulse PS1 com-

prises an expansion element in which the electrical po-
tential is raised from the lowest electrical potential VL to
the third highest electrical potential VH2 with such a gra-
dient that the ink droplet is not ejected, an expansion hold
element in which the third highest electrical potential VH2
is kept for a predetermined time, and an ejection element
in which the electrical potential is lowered from the third
highest electrical potential VH2 to the lowest electrical
potential VL with a comparatively sharp gradient. The
third highest electrical potential VH2 is set to an electrical
potential that is lower than the highest electrical potential
VH and higher than the second highest electrical poten-
tial VH1. When this middle dot drive pulse DP5 is supplied
to the piezoelectric vibrator 20, the ink droplet of the vol-
ume by which the middle dot can be formed, for example,
the ink droplet of about 11.5pL is ejected from the nozzle
orifice 33.
[0060] In the first high-resolution recording mode in
which this second drive signal VSD2 is used, the small-
dot recording is performed by supplying the small-dot
drive pulse DP4 to the piezoelectric vibrator 20. Further,
the middle-dot recording is performed by supplying the
middle-dot drive pulse DP5 to the piezoelectric vibrator
20, and the large-dot recording is performed by supplying
the small-dot drive pulse DP4 and the middle-dot drive
pulse DP5 continuously. Namely, the decoder 54 gener-
ates the pulse selection data (100) by translating the non-
recording printing data, generates the pulse selection da-
ta (010) by translating the small-dot printing data, gen-
erates the pulse selection data (001) by translating the
middle-dot printing data, and generates the pulse selec-
tion data (011) by translating the large-dot printing data.
[0061] Hereby, on the basis of the non-recording print-
ing data, the meniscus of the corresponding nozzle orifice
33 vibrates slightly. On the basis of the small-dot printing
data, the ink droplet of about 5.5pL is ejected from the
corresponding nozzle orifice 33 so that the small dot is
formed on the recording sheet 8. On the basis of the
middle-dot printing data, the ink droplet of about 11.5pL
is ejected from the corresponding nozzle orifice 33 so
that the middle dot is formed on the recording sheet 8.
Further, on the basis of the large-dot printing data, the
ink droplet of about 23pL in total is ejected from the cor-
responding nozzle orifice 33 so that the large dot is
formed on the recording sheet 8. Accordingly, the mini-
mum amount of the ink in this first high-resolution record-
ing mode (second drive signal VSD2) is about 5.5pL.
[0062] Each of the large, middle, and small dots in this
first high-resolution recording mode is smaller than each
of the large, middle, and small dots in the first high-speed
recording mode. Therefore, recording having the high
resolution and high picture quality can be performed.
[0063] Next, the third drive signal VSD3 will be de-
scribed. This third drive signal VSD3 is also a signal in-
cluding various kinds of drive pulses that are different in
the amount of ink. Namely, as shown in Fig. 8, the third
drive signal VSD3 includes a slight vibration pulse VP2
that vibrates slightly a meniscus, a small-dot drive pulse
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DP6 that ejects a small-dot ink droplet, and a middle-dot
drive pulse DP7 that ejects a middle-dot ink droplet in a
print period TC in series, and it is a signal that is produced
repeatedly with the print period TC.
[0064] The slight vibration pulse VP2 comprises a
slight vibration expansion element in which the electrical
potential is raised from the lowest electrical potential VL
to the third lowest electrical potential VL2 that is higher
a little than VL with such a comparatively gentle potential
gradient that the ink droplet is not ejected, a slight vibra-
tion hold element in which the third lowest electrical po-
tential VL2 is kept for a predetermined time, and a slight
vibration contraction element in which the electrical po-
tential is lowered with a comparatively gentle potential
gradient from the third lowest electrical potential VL2 to
the lowest electrical potential VL. When this slight vibra-
tion pulse VP2 is supplied to the piezoelectric vibrator
20, the pressure change that is comparatively gentle is
produced in the pressure chamber 34, and the meniscus
vibrates slightly due to this pressure change. The third
lowest electrical potential VL2 in this slight vibration pulse
VP2 is set to an electrical potential that is lower a little
than the second lowest electrical potential VL1 of the
slight vibration pulse VP1.
[0065] The small-dot drive pulse DP6 comprises a sig-
nal that connects in order an expansion element in which
the electrical potential is raised from the lowest electrical
potential VL to the highest electrical potential VH’ with a
comparatively sharp gradient, an expansion hold ele-
ment in which the highest electrical potential VH’ is kept
for a very short time, an ejection element in which the
electrical potential is lowered from the highest electrical
potential VH’ to the second highest electrical potential
VH1’ that is lower a little than this highest electrical po-
tential VH’ with a comparatively sharp gradient, an ejec-
tion hold element in which the second highest electrical
potential VH1’ is kept for a very short time, and a vibration
control element in which the electrical potential is lowered
from the second highest electrical potential VH1’ to the
lowest electrical potential VL. When this small dot drive
pulse DP6 is supplied to the piezoelectric vibrator 20, a
very small amount of an ink droplet by which the small
dot can be formed, for example, a super-minute ink drop-
let of about 2.0pL is ejected from the nozzle orifice 33.
[0066] The middle dot drive pulse DP7 comprises a
preliminary expansion element in which the electrical po-
tential is raised from the lowest electrical potential VL to
a middle electrical potential VM with such a constant gra-
dient that the ink droplet is not ejected, a preliminary hold
element in which the middle electrical potential VM is
kept for a predetermined time, an expansion element in
which the electrical potential is raised from the middle
electrical potential VM to the highest electrical potential
VH’ with such a constant gradient that the ink droplet is
not ejected, an expansion hold element in which the high-
est electrical potential VH’ is kept for a predetermined
time, an ejection element in which the electrical potential
is sharply lowered from the highest electrical potential

VH’ to the lowest electrical potential VL, a first vibration-
control hold element in which the lowest electrical poten-
tial VL is kept for a predetermined time, a vibration-control
element in which the electrical potential is raised from
the lowest electrical potential VL to the middle electrical
potential VM, a second vibration-control hold element in
which the middle electrical potential VM is kept for a pre-
determined time, and a return element in which the elec-
trical potential is lowered from the middle electrical po-
tential VM to the lowest electrical potential VL. When this
middle dot drive pulse DP7 is supplied to the piezoelectric
vibrator 20, the ink droplet of the amount by which the
middle dot can be formed, for example, the ink droplet
of about 5.5pL is ejected from the nozzle orifice 33.
[0067] In the second high-resolution recording mode
in which this third drive signal VSD3 is used, the small-
dot recording is performed by supplying the small-dot
drive pulse DP6 to the piezoelectric vibrator 20. Further,
the middle-dot recording is performed by supplying the
middle-dot drive pulse DP7 to the piezoelectric vibrator
20, and the large-dot recording is performed by supplying
the small-dot drive pulse DP6 and the middle-dot drive
pulse DP7 continuously. Namely, the decoder 54 gener-
ates the pulse selection data (100) by translating the non-
recording printing data, generates the pulse selectionda-
ta (010) by translating the small-dot printing data (grada-
tion data 01), generates the pulse selection data (001)
by translating the middle-dot printing data (gradation data
10), and generates the pulse selection data (011) by
translating the large-dot printing data (gradation data 11).
[0068] Hereby, on the basis of the non-recording print-
ing data, the meniscus of the corresponding nozzle orifice
33 vibrates slightly. On the basis of the small-dot printing
data, the super-minute ink droplet of about 2.0pL is eject-
ed from the corresponding nozzle orifice 33 so that the
small dot is formed on the recording sheet 8. Similarly,
on the basis of the middle-dot printing data, the ink droplet
of about 5.5pL is ejected from the corresponding nozzle
orifice 33 so that the middle dot is formed on the recording
sheet 8. Further, on the basis of the large-dot printing
data, the ink droplet of about 11.5pL in total is ejected
from the corresponding nozzle orifice 33 so that the large
dot is formed on the recording sheet 8. Accordingly, the
minimum amount of the ink in this second high-resolution
recording mode (third drive signal VSD3) is about 2.0pL.
[0069] Each of the large, middle, and small dots in this
second high-resolution recording mode is smaller than
each of the large, middle, and small dots in the first high-
speed recording mode. Therefore, recording having the
higher resolution and higher picture quality can be per-
formed.
[0070] Next, the operation of this printer 1 will be de-
scribed.
[0071] This printer 1 starts its operation on reception
of the print data and control command sent from the host
computer. Namely, when the printer receives these print
data and control command, the control section 46 (re-
cording mode setting unit) sets one recording mode from
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the plurality of recording modes on the basis of the control
command regarding the recording mode (recording
mode setting data). For example, one recording mode is
set from the high-speed recording mode, the first high-
resolution recording mode, and the second high-resolu-
tion recording mode. Further, the control section 46
(printer mode setting unit) sets the print mode on the
basis of the control command regarding the print mode
(border free print mode setting data). Namely, either the
normal print mode in which print with borders is per-
formed or the border free print mode in which print without
borders is performed is set.
[0072] When the recording mode and the print mode
have been set, the control section 46 (recording mode
data output unit) outputs the control data (recording mode
data) to the drive signal generation circuit 48 and the
decoder 54.
[0073] On the basis of this control data, the drive signal
generating circuit 48 sets the state where the drive signal
according to the recording mode can be generated. For
example, on reception of the control data indicating that
the high-speed recording mode has been set, the drive
signal generating circuit 48 sets the state where the first
drive signal VSD1 (Fig. 6) can be generated; on reception
of the control data indicating that the first high-resolution
recording mode has been set, the drive signal generating
circuit 48 sets the state where the second drive signal
VSD2 (Fig. 7) can be generated; and on reception of the
control data indicating that the second high-resolution
recording mode has been set, the drive signal generating
circuit 48 sets the state where the third drive signal VSD3
(Fig. 8) can be generated.
[0074] Further, the decoder 54 sets the combination
of the printing data (gradation data) and the pulse selec-
tion data. For example, the decoder 54 selects the table
data of the recording mode set on the basis of the control
data from the control section 46 on the basis of table data
in which the combination of the printing data and the pulse
section data is determined in each recording mode.
[0075] When the recording mode has been set, the
printer 1 performs the recording operation in the set re-
cording mode. Here, in this embodiment, before the re-
cording operation, the control section 46 (recording mode
limit unit) performs judgment according to the detected
platen gap and the set print mode, and limits usable re-
cording modes to a part of the three kinds of recording
modes if necessary.
[0076] Namely, regarding the platen gap, in case that
the gap is in the normal state (in the state of the small
gap), the recording can be performed in any of the high-
speed recording mode, the first high-resolution recording
mode, and the second high-resolution recording mode.
In case that the gap is in the state of the large gap, though
the recording can be performed in the high-speed record-
ing mode and the first high-resolution recording mode,
the control section 46 limits the recording so that the re-
cording cannot be performed in the second high-resolu-
tion recording mode. In other words, in the state of the

small gap, the first drive signal VSD1, the second drive
signal VSD2 and the third drive signal VSD3, that is, all
the drive signals that the drive signal generating circuit
48 can generate can be used. On the other hand, in the
state of the large gap, though the first drive signal VSD1
and the second drive signal VSD2 can be used, the third
drive signal VSD3 cannot be used.
[0077] This control is performed in order to prevent the
combination of the platen gap and the used recording
mode by which the ink droplet becomes readily misty.
For example, this control is performed in order to prevent
the small-dot ink droplet in the second high-resolution
recording mode, that is, the super-minute ink droplet of
about 2pL from becoming misty.
[0078] This phenomenon is described with reference
to Fig. 9. Fig. 9 is a characteristic graph showing rela-
tionship between jetting speed of an ink droplet and flying
distance (platen gap) of the ink droplet; a vertical axis
shows the jetting speed of the ink droplet and a horizontal
axis shows the flying distance. In Fig. 9, a solid line shows
relationship between jetting speed and the flying speed
of a super-minute ink droplet (2pL) in the third drive signal
VSD3, and a dotted line shows relationship between the
jetting speed and the flying speed of a minute ink droplet
(5.5pL) in the second drive signal VSD2.
[0079] This super-minute ink droplet receives a great
influence of viscous resistance of air, so that the lowering
rate of the speed in relation to the flying distance is large.
[0080] As shown in Fig. 9, in case of the super-minute
ink droplet of about 2pL, the jetting speed becomes 0
m/s at the flying distance of 2.5 mm. In state of the large
gap, as shown in Fig. 10, since the platen gap is 2.3mm,
the jetting speed becomes 0m/s just before the super-
minute ink droplet lands. Therefore, in the state of the
large gap, since there is a possibility that the super-
minute ink droplet can not lands on the recording sheet
8 and becomes misty, it is difficult to record the image, etc.
[0081] Accordingly, in this embodiment, in the state of
the large gap, by limiting the recording so that the record-
ing in the second high-resolution recording mode cannot
be performed, it is surely prevented that the super-minute
ink droplet becomes misty.
[0082] On the other hand, in case of the minute ink
droplet of about 5.5pL, the jetting speed is about 3m/s at
the flying distance of 2.3mm. Therefore, the ink droplet
surely lands on the recording sheet 8.
[0083] On the other hand, regarding the print mode, in
case that the normal print mode (print mode with borders)
is set, the recording can be performed in any of the high-
speed recording mode, the first high-resolution recording
mode, and the second high-resolution recording mode.
In case that the border free print mode is set, though the
recording can be performed in the high-speed recording
mode and the first high-resolution recording mode, the
control section 46 limits the recording so that the record-
ing in the second high-resolution recording mode cannot
be performed. In other words, in the normal mode, the
first drive signal VSD1, the second drive signal VSD2
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and the third drive signal VSD3, that is, all the drive sig-
nals that the drive signal generating circuit 48 can gen-
erate can be used. On the other hand, in the border free
print mode, though the first drive signal VSD1 and the
second drive signal VSD2 can be used, the third drive
signal VSD3 cannot be used.
[0084] This control is performed in order to prevent the
super-minute ink droplets ejected outside the borders of
the recording sheet 8 from becoming misty. Namely, in
this border free print mode, the ink droplets are ejected
also outside the borders of the recording sheet 8, and
these ink droplets are absorbed by the absorber 18
through the absorber window 17. Here, since this absorb-
er 18 is provided on the rear surface of the platen 12, it
is necessary to jet the ink droplet by the distance that is
sum of the plate thickness of the platen 12 and the platen
gap in order to cause the ink droplet to be absorbed by
the absorber 18. However, in the super-minute ink drop-
let, the lowering rate of the jetting speed is large due to
the viscous resistance of air, and in case of the long flying
distance, there is fear that the ink droplet cannot lands
on the absorber 18 due to a shortage of speed. Therefore,
in this embodiment, in the border free recording mode in
which the ink droplet is ejected also outside the four sides
of the recording sheet 8, by limiting the recording so that
the recording in the second high-resolution recording
mode cannot be performed, it is surely prevented that
the super-minute ink droplet becomes misty.
[0085] That is, as shown in Fig. 10, in state of the small
gap, the distance from the nozzle orifice 33 to the surface
of the absorber is 4.5mm. Therefore, as shown in Fig. 9,
when the recording is executed with the third drive signal
VSD3 (the second high-resolution recording mode), the
flying speed becomes 0m/s before the super-minute ink
droplet of about 2pL lands on the absorber 18, specifically
at 2.5 mm from the nozzle orifice 33. Accordingly, since
it is difficult to collect the super-minute ink droplet by the
absorber 18, it is a fear that the super-minute ink droplet
becomes misty.
[0086] Accordingly, in this embodiment, in the border
free print mode in which the ink droplets are ejected also
outside the borders of the recording sheets 8, by limiting
the recording so that the recording in the second high-
resolution recording mode cannot be performed, it is
surely prevented that the super-minute ink droplet be-
comes misty.
[0087] In this embodiment, the judgment on the basis
of the platen gap and the judgment on the basis of the
print mode are together performed, so that the usable
recording modes are selected as shown in Fig. 10. Name-
ly, in case that the print mode with borders is set in the
state of the small gap, the recording can be performed
in each of the high-speed recording mode, the first high-
resolution recording mode, and the second high-resolu-
tion recording mode. In case that the border free print
mode is set in the state of the small gap, though the re-
cording can be performed in the high-speed recording
mode and the first high-resolution recording mode, the

recording cannot be performed in the second high-reso-
lution recording mode. In case that the print mode with
borders is set in the state of the large gap, and in case
that the border free print mode is set in the state of the
large gap, though the recording can be performed in the
high-speed recording mode and the first high-resolution
recording mode, the recording cannot be performed in
the second high-resolution recording mode.
[0088] Next, whether the recording mode set by the
control command from the host computer is an unusable
recording mode is judged according to the judgment on
the basis of the platen gap and the print mode. In case
that the set recording mode is judged as an unusable
recording mode, the control section 46 (notice unit) out-
put the alert representing that the recording mode is un-
suitable. This alert is performed, for example, by display-
ing a message on a display of the host computer. In this
case, the control section 46 sends an error code repre-
senting that the recording mode is unsuitable to the host
computer. Then, the host computer receives this error
code thereby to display the message on the display.
[0089] When the control section 46 has output the
alert, the setting of the printer 1 is changed to a record
setting which can be executed. This change of the setting
is performed by any of change of the recording mode,
change of the platen gap, and change of the print mode.
[0090] In case that the second high-resolution record-
ing mode specified by the control command has been
judged as unsuitable since the border free print mode
has been together set, the recording mode is changed
to the first high-resolution recording mode, thereby the
recording can be performed in the border free print mode.
In this setting-change operation, the control section 46
functions as a recording mode switching unit. And, the
control section 46, according to the change of the record-
ing mode, outputs the control signal to the drive signal
generating circuit 48, and switches the drive signal to a
drive signal to be used in recording.
[0091] In case that the second high-resolution record-
ing mode specified by the control command has been
judged as unsuitable since the platen gap is in the state
of the large gap, the platen gap is changed to the normal
state (the state of the small gap), thereby the recording
can be performed in the second high-resolution recording
mode.
[0092] In case that the border free print mode specified
by the control command has been judged as unfitness
since the second high-resolution recording mode has
been together set, the recording mode is changed to the
print mode with boarders, thereby the recording can be
performed in the second high-resolution recording mode.
In this case, the control section 46 functions as a print
mode switching unit, and switches the border free print
mode specified by the control command to the print mode
with edges.
[0093] In this embodiment, the constitution is adopted,
which causes the user of the printer 1 to selects switching
of the recording mode, switching of the platen gap, or
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switching of the print mode after outputting of the alert.
Hereby, the setting of the printer is changed to a setting
which is fit for the desire of the user thereby to improve
the convenience of use.
[0094] After the setting of the printer 1 was thus
changed, the recording on the recording sheet 8 is per-
formed under the set recording mode and print mode.
[0095] Next, with reference to a flowchart of Fig. 11,
procedures of the judging operation on the basis of the
above platen gap and print mode, and the switching op-
eration of the recording mode will be described.
[0096] When the control section receives a print com-
mand sent (print data and control data) from the host
computer [S0], the control section judges a setting value
of the platen gap on the basis of the detection signal from
the platen gap detecting sensor 16 [S1].
[0097] Here, in case of the small gap [S1, YES], the
control section judges whether the border free print mode
is selected on the basis of the control command [S2]. In
case that the print mode with borders is selected [S2,
NO], the control section receives the present operation
condition and executes printing by the usual control pro-
cedure [S6]. On the other hand, in case that the border
free print mode is selected [S2, YES], or in case of the
large gap [S1, NO], the control section judges whether
the second high-resolution recording mode by the third
drive signal VSD3 is selected [S3].
[0098] Here, in case that the third drive signal VSD3
is not selected [S3, NO], the control section receives the
present operation condition and executes printing by the
usual control procedure [S6]. On the other hand, in case
that the third drive signal VSD3 is selected, that is, in
case that the second high-resolution recording mode is
selected [S3, YES], the control section outputs the error
code for outputting the alert to the host computer [S4]
and waits.
[0099] The host computer that has received this error
code displays the alert on the display. This alert is, for
example, as follows: ^IN THE PRESENT RECORDING
MODE, THE INSIDE OF A PRINTER AND A RECORD-
ING SHEET WILL BE CONTAMINATED. [ ^PLEASE
SWITCH A RECORDING MODE TO A FIRST HIGH-
RESOLUTION RECORDING MODE. OR, PLEASE
MAKE A PLATEN GAP SMALL.[
[0100] During the above waiting, the control section
monitors the control command from the host computer
and the detection signal from the platen gap detecting
sensor 16. When the recording mode is switched to the
first high-resolution recording mode and the second drive
signal VSD2 is selected [S5, YES], the control section
receives the present operation condition and executes
printing by the usual control procedure [S6]. Or, even if
the recording mode is not switched to the second drive
signal VSD2, [S5, NO], if the platen gap is switched to
the small-gap state, and the print mode with edges is set
[31, YES] [S2, NO], the control section receives the
present operation condition and executes printing by the
usual control procedure [S6].

[0101] Regarding the above procedure, as shown in
Fig. 12, the setting may be automatically changed. For
example, in the step S3, in case that the second high-
resolution recording mode is selected, the control section
outputs the notice alert [S40], and switches the recording
mode to the first high-resolution recording mode (drive
signal VSD2) automatically [S50].
[0102] The invention is not limited to the above em-
bodiment, but various changes may be made based on
the scope of patent claims.
[0103] In the above embodiment, three recording
modes comprising the high-speed recording mode, the
first-resolution recording mode, and the second high-res-
olution recording mode can be used, and in case that the
platen gap is in the state of the large gap, the recording
modes to be used are limited to the two recording modes
comprising the high-speed recording mode and the first-
resolution recording mode. However, for example, the
number of kinds of the recording modes may be two or
more, and the number of the recording modes to be lim-
ited may be at least one kind.
[0104] Further, in the above embodiment, the gap de-
tector is so constituted that the positional relation be-
tween the recording head 10 and the platen 12 is grasped
according to the rotational angle of the adjustment lever
15 and the platen gap is indirectly detected on the basis
of this positional relation. However, the invention is not
limited to this constitution. For example, the platen gap
may be directly detected and the gap from the nozzle
surface to the surface of the recording sheet may be de-
tected. Further, the gap may be indirectly detected on
the basis of the positions of the movable members such
as the lever 15, the carriage 2, and the recording head
10, or may be directly detected by a sensor.
[0105] Regarding the gap adjustment mechanism, in
the above embodiment, the constitution in which the gap
can be switched to the two states comprising the large
gap state and the usual state (the small gap state) is
employed for the description. However, the invention is
not limited to this. For example, the gap adjustment
mechanism may be composed of a mechanism that can
adjust the platen gap to plural ranks of three or more.
Further, the gap adjustment mechanism may comprise
a mechanism that moves the platen 12 up and down.
[0106] Further, in the above embodiment, on the basis
of the control command from the host computer, the re-
cording mode is set. However, a mode setting switch for
setting a recording mode may be provided to the printer
1, and the recording mode may be set by the operation
of this mode setting switch.
[0107] Further, regarding the pressure generating el-
ement, in the above embodiment, the piezoelectric vibra-
tor 20 of the longitudinal vibration mode is indicated. How-
ever, a piezoelectric vibrator of a deflective vibration
mode may be used in place of this piezoelectric vibrator
20. This piezoelectric vibrator of the deflective vibration
mode contracts by charge in a direction perpendicular to
an electric field, so that the contraction deformation con-
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tracts the pressure chamber 34, and the expansion de-
formation by discharge expands the pressure chamber
34. Further, the electromechanical conversion element
is not limited to these piezoelectric vibrators, but may be
a magnetic distortion element. Further, the pressure gen-
erating element is not limited to the electromechanical
conversion element, but may be a heat generating ele-
ment. A recording head using the heat generating ele-
ment is, for example, so constituted that ink around the
heat generating element is boiled by heating the heat
generating element rapidly, and ink in the pressure cham-
ber is pressurized by air bubbles produced by this boil
thereby to eject the ink droplet from the nozzle orifice.
This invention can be applied also to a recording appa-
ratus provided with the recording head having this con-
stitution.
[0108] Further, regarding the above host computer,
this host computer may be connected to the recording
apparatus such as the printer 1 or the plotter through a
communication network, and may be connected directly
to the recording apparatus. Further, in a recording appa-
ratus having a data display such as a liquid crystal display
and a LED display, the notice unit may be composed of
the data display and the control section 46.
[0109] As described above, according to the invention,
there are provided the gap detector for detecting the plat-
en gap from the nozzle orifice, and the recording mode
limit unit that limits the usable recording modes to a part
of the plurality of recording modes according to the platen
gap detected by the gap detector. Therefore, in case that
the combination of the platen gap and the recording mode
set by the recording mode setting unit is unsuitable, it is
possible to prevent the recording from being performed
in this unsuitable combination. For this reason, it is pos-
sible to previously prevent the super-minute ink droplet
from becoming misty. Accordingly, the disadvantage
such as a stain due to the ink mist in the recording ap-
paratus can be prevented.
[0110] Further, there is provided the recording mode
limit unit, which limits the usable recording modes to a
part of the plural recording modes at the setting time of
the border free print mode in which printing is performed
up to the borders of the recording sheet. Therefore, even
if the combination of the border free print mode and the
recording mode set by the recording mode setting unit is
unsuitable, it is possible to prevent the recording from
being performed in this unfit combination. For this reason,
it is possible to previously prevent the super-minute ink
droplet from becoming misty. Accordingly, the disadvan-
tage such as a stain due to the ink mist in the recording
apparatus can be prevented.
[0111] Further, there is provided the recording mode
switching unit, which switches the recording mode to be
used to one of the usable recording modes limited by the
recording mode limit unit in case that the recording mode
limit unit judges that the recording mode set by the re-
cording mode setting unit is not the usable recording
mode. Therefore, even if the recording mode set by the

recording mode setting unit makes the unsuitable com-
bination, the recording mode can be switched to a re-
cording mode that can prevent the ink droplet from be-
coming misty. For this reason, such the disadvantage
that the super-minute ink droplet becomes misty can be
surely prevented. Further, since the recording mode is
switched on the apparatus side, the load on the user is
reduced. Therefore, the convenience of use can be im-
proved.
[0112] In case that the notice unit that notifies the un-
fitness recording mode when the recording mode limit
unit judges that the recording mode set by the recording
mode setting unit is not a usable recording mode, it is
possible to request reset of the combination, so that the
setting can be changed to the setting which is fit user’s
desire. Therefore, the convenience of use can be im-
proved.
[0113] Further, in case that the various kinds of the
drive signals generated by the drive signal generator are
taken as the signals that are different in the minimum
amount of ink, since the minimum amount of the ink drop-
let firstly becomes misty, the easiness to become misty
changes stepwise. Since this minimum amount of ink
specifies the resolution of the recording image, by using
the drive signal of the minimum amount of ink in which
the ink does not become misty, it is possible to prevent
the image quality from lowering after switching the re-
cording mode.

Claims

1. An ink jet recording apparatus (1) comprising:

a recording mode setting unit (46) for setting a
recording mode from a plurality of recording
modes that are different in a correspondence of
gradation data and amount of ink;
a drive signal generator (48) for generating a
drive signal selected from various kinds of drive
signals according to the recoding mode set by
the recording mode setting unit (46);
a recording head (10) for ejecting an ink droplet
from a nozzle orifice (33) thereof according to
the drive signal;
and
a recording mode limit unit (46) for judging
whether the recording mode set by the recording
mode setting unit (46) is a usable recording
mode for recording, and characterized in that

I) a gap detector is provided (16) for detect-
ing a platen gap from the nozzle orifice (33),
wherein the recording mode limit unit (46)
judges whether the recording mode set by
the recording mode setting unit (46) is a us-
able recording mode for recording accord-
ing to the platen gap detected by the gap
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detector (16), and/or
II) wherein the recording limit unit (46) judg-
es whether the recording mode set by the
recording mode setting unit (46) is a usable
recording mode for recording according to
whether a border free print mode in which
printing is performed up to borders of a re-
cording sheet is set or not.

2. The ink jet recording apparatus according to claim 1
further comprising:

a recording mode switching unit (46) for switch-
ing the recording mode to one of the usable re-
cording modes when the recording mode set by
the recording mode setting unit (46) is not a us-
able recording mode when the recording mode
limit unit (46) judges that the recording mode set
by the recording mode setting unit (46) is not the
usable recording mode.

3. The ink jet recording apparatus according to any one
of claims 1 to 2 further comprising:

a notice unit (46) for notifying that the recording
mode set by the recording mode setting unit (46)
is not a usable recording mode when the record-
ing mode limit unit (46) judges that the recording
mode set by the recording mode setting unit (46)
is not the usable recording mode.

4. The ink jet recording apparatus according to claim
3, wherein the notice unit (46) notifies that the re-
cording mode is not the usable recording mode by
sending an error code to a host computer.

5. The ink jet recording apparatus according to any one
of claims 1 to 4, wherein inks ejected respectively
by the various kinds of drive signals generated by
the drive signal generator (48) are different in the
minimum amount.

Patentansprüche

1. Tintenstrahlaufzeichnungsvorrichtung (1), umfas-
send:

eine Aufzeichnungsmoduseinstelleinheit (46)
zum Einstellen eines Aufzeichnungsmodus aus
einer Mehrzahl von Aufzeichnungsmodi, die in
einer Entsprechung von Abstufungsdaten und
Tintenmenge unterschiedlich sind;
einen Antriebssignalerzeuger (48) zum Erzeu-
gen eines Antriebssignals, das aus verschiede-
nen Arten von Antriebssignalen ausgewählt ist,
und zwar entsprechend dem durch die Aufzeich-
nungsmoduseinstelleinheit (46) eingestellten

Aufzeichnungsmodus;
einen Aufzeichnungskopf (10) zum Ausstoßen
eines Tintentropfens aus einer Düsenöffnung
(33) hiervon entsprechend dem Antriebssignal;
und
eine Aufzeichnungsmodusbegrenzungseinheit
(46) zum Beurteilen, ob der durch die Aufzeich-
nungsmoduseinstelleinheit (46) eingestellte
Aufzeichnungsmodus ein nutzbarer Aufzeich-
nungsmodus für das Aufzeichnen ist, und da-
durch gekennzeichnet, dass

I) ein Spalterfasser (16) zum Erfassen eines
Druckplattenspaltes von der Düsenöffnung
(33) vorgesehen ist, wobei die Aufzeich-
nungsmodusbegrenzungseinheit (46) be-
urteilt, ob der durch die Aufzeichnungsmo-
duseinstelleinheit (46) eingestellte Auf-
zeichnungsmodus ein nutzbarer Aufzeich-
nungsmodus für das Aufzeichnen entspre-
chend dem durch den Spalterfasser (16) er-
fassten Druckplattenspalt ist, und/oder
II) wobei die Aufzeichnungsbegrenzungs-
einheit (46) beurteilt, ob der durch die Auf-
zeichnungsmoduseinstelleinheit (46) ein-
gestellte Aufzeichnungsmodus ein nutzba-
rer Aufzeichnungsmodus für das Aufzeich-
nen entsprechend dessen ist, ob ein rand-
loser Druckmodus, bei welchem ein Druk-
ken bis zu den Rändern eines Aufzeich-
nungsblatts ausgeführt wird, eingestellt ist
oder nicht.

2. Tintenstrahlaufzeichnungsvorrichtung nach An-
spruch 1, ferner umfassend:

eine Aufzeichnungsmodusumschalteinheit (46)
zum Umschalten des Aufzeichnungsmodus in
einen der nutzbaren Aufzeichnungsmodi, wenn
der durch die Aufzeichnungsmoduseinstellein-
heit (46) eingestellte Aufzeichnungsmodus
nicht ein nutzbarer Aufzeichnungsmodus ist,
und zwar wenn die Aufzeichnungsmodusbe-
grenzungseinheit (46) beurteilt, dass der durch
die Aufzeichnungsmoduseinstelleinheit (46)
nicht ein nutzbarer Aufzeichnungsmodus ist.

3. Tintenstrahlaufzeichnungsvorrichtung nach einem
der Ansprüche 1 bis 2, ferner umfassend:

eine Benachrichtigungseinheit (46) zum Be-
nachrichtigen, dass der durch die Aufzeich-
nungsmoduseinstelleinheit (46) eingestellte
Aufzeichnungsmodus nicht ein nutzbarer Auf-
zeichnungsmodus ist, wenn die Aufzeichnungs-
modusbegrenzungseinheit (46) beurteilt, dass
der durch die Aufzeichnungsmoduseinstellein-
heit (46) eingestellte Aufzeichnungsmodus
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nicht ein nutzbarer Aufzeichnungsmodus ist.

4. Tintenstrahlaufzeichnungsvorrichtung nach An-
spruch 3, bei welcher die Benachrichtigungseinhit
(46) benachrichtigt, dass der Aufzeichnungsmodus
nicht ein nutzbarer Aufzeichnungsmodus ist, in dem
ein Fehlercode zu einem Hostcomputer gesandt
wird.

5. Tintenstrahlaufzeichnungsvorrichtung nach einem
der Ansprüche 1 bis 4, bei welcher jeweils durch die
verschiedenen Arten von Antriebssignalen, welche
durch den Antriebssignalerzeuger (48) erzeugt wer-
den, ausgestoßenen Tinten sich in der Minimalmen-
ge unterscheiden.

Revendications

1. Appareil d’enregistrement à jet d’encre (1)
comprenant :

une unité de réglage du mode d’enregistrement
(46) destinée à régler un mode d’enregistrement
parmi une pluralité de modes d’enregistrement
qui sont différents en matière de correspondan-
ce de données de gradation, et la quantité
d’encre ;
un générateur de signal de commande (48) des-
tiné à générer un signal de commande sélec-
tionné parmi divers types de signaux de com-
mande conformément au mode d’enregistre-
ment réglé par l’unité de réglage du mode d’en-
registrement (46) ;
une tête d’enregistrement (10) destinée à éjec-
ter une gouttelette d’encre par un orifice de buse
(33) de celle-ci conformément au signal de
commande ; et
une unité de limitation du mode d’enregistre-
ment (46) destinée à juger si le mode d’enregis-
trement réglé par l’unité de réglage du mode
d’enregistrement (46) est un mode d’enregistre-
ment utilisable pour l’enregistrement, et carac-
térisé en ce que

I) il est prévu un détecteur d’intervalle (16)
destiné à détecter un intervalle de platine
par rapport à l’orifice de buse (33) ; l’unité
de limitation du mode d’enregistrement (46)
jugeant si le mode d’enregistrement réglé
par l’unité de réglage du mode d’enregistre-
ment (46) est un mode d’enregistrement uti-
lisable pour l’enregistrement en fonction de
l’intervalle de platine détecté par le détec-
teur d’intervalle (16), et/ou
II) l’unité de limitation du mode d’enregis-
trement (46) jugeant si le mode d’enregis-
trement réglé par l’unité de réglage du mode

d’enregistrement (46) est un mode d’enre-
gistrement utilisable pour l’enregistrement
conformément au fait qu’il est réglé, ou non,
un mode d’impression sans bordure dans
lequel l’impression est réalisée jusqu’aux
bords de la feuille d’enregistrement.

2. Appareil d’enregistrement à jet d’encre selon la re-
vendication 1 comprenant en outre:

une unité de commutation du mode d’enregis-
trement (46) destinée à faire passer le mode
d’enregistrement à un mode parmi des modes
d’enregistrement utilisables lorsque le mode
d’enregistrement réglé par l’unité de réglage du
mode d’enregistrement (46) n’est pas un mode
d’enregistrement utilisable lorsque l’unité de li-
mitation du mode d’enregistrement (46) juge
que le mode d’enregistrement réglé par l’unité
de réglage du mode d’enregistrement (46) n’est
pas le mode d’enregistrement utilisable.

3. Appareil d’enregistrement à jet d’encre selon l’une
quelconque des revendications 1 à 2, comprenant
en outre :

une unité de notification (46) destinée à notifier
que le mode d’enregistrement réglé par l’unité
de réglage du mode d’enregistrement (46) n’est
pas un mode d’enregistrement utilisable lorsque
l’unité de limitation du mode d’enregistrement
(46) juge que le mode d’enregistrement réglé
par l’unité de réglage du mode d’enregistrement
(46) n’est pas le mode d’enregistrement utilisa-
ble.

4. Appareil d’enregistrement à jet d’encre selon la re-
vendication 3, dans lequel l’unité de notification (46)
notifie que le mode d’enregistrement n’est pas le mo-
de d’enregistrement utilisable en envoyant un code
d’erreur à un ordinateur hôte.

5. Appareil d’enregistrement à jet d’encre selon l’une
quelconque des revendications 1 à 4, dans lequel
les encres éjectées respectivement par les divers
types de signaux de commande générés par le gé-
nérateur de signal de commande (48) sont différents
dans la quantité minimale.
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