
;e3e`xxyT|`L~6T`:1 D JUN ~   TITLE OF THE INVENTION DRIVING DEVICE OF
PRINTER HEAD BACKGROUND OF THE INVENTION The present invention relates to a
driving device 5 of a printer head which receives serial print data of
maximum n bits tone, and selects a conductive waveform depending upon the
received print data for printing. For example, in Jpn. Pat. Appln. KOKAI
Publication 10 15 20 No. 8-216457, as shown in FIG. 23, print data with
respect to each nozzle of print head 2 from a CPU 1 is converted through a
tone serial data converting section 3 into serial print data including tone
information, and the converted data is supplied to a tone parallel data
converting section 4. The tone parallel data converting section 4 converts
the serial print data into tone parallel data corresponding to the number
of tones of nozzle, and the converted tone parallel data is supplied to a
driver 6 through a duty control section 5, and a print head 2 is driven by
this driver 6. In Jpn. Pat. Appln. KOKAI Publication No. 9-11457, 25 as
shown in FIG. 24, there are provided common waveform generating means 7 for
generating a plurality of driving voltage waveforms corresponding to sizes
of dots, and system control means 8 for generating print data, shift clock
and the like. Two-bits tone data which is print data is supplied from the
system control   t ,, 1 0 J U N 2003 - 2  means 8 to a shift circuit 9 and
is stored therein, and the tone data stored in the shift circuit 9 is
latched by a latch circuit 10 at a predetermined timing, the latched output
is converted by a decoder 11 and then, 5 a multiplexer 13 is driven through
signal processing means 12 to select one driving voltage waveform from the
common waveform generating means 7 to drive a piezoelectric element. In
Jpn. Pat. Appln. KOKAI Publication No. 6-15846, 10 as shown in FIG. 25, two
bits parallel data S11 and S12 are supplied to shift registers 14 and 15,
respectively, data in each bit is latched by a latch circuit 16 from the
shift registers, and the latched output is supplied to a parallel/serial
conversion circuit 17. On the 15 other hand, an output of an interval timer
19 of a 



print command pulse processing section 18 is supplied to the
parallel/serial conversion circuit 17, and is supplied to a flip-flop 21
through an AND gate 20. An output of this flip-flop and an output of an
output 20 protection circuit which monitors a power supply voltage are
supplied to an AND gate 23, an output of this AND gate 23 and an output of
the parallel/serial conversion circuit 17 are supplied to an AND gate 24,
and an output of this AND gate 24 drives a transistor 25 Tr to turn on the
electricity for an exothermic resistor R. In the case of Jpn. Pat. Appln.
KOKAI Publication   ~ o a a N Zoo3  - 3  No. 8-216457, when data having two
values is handled for example, since it is necessary to add dummy data such
that the amount of bits becomes the same as the number of tones, and to
transfer the same, there is a 5 problem that it takes a time for
transferring the data. In the case of Jpn. Pat. Appln. KOKAI Publication
No. 9-11457, when data having two values is handled for example, since it
is also necessary to add dummy data such that the amount of bits becomes
the same as the IO number of shifts of the shift circuit, and to transfer
the same, there is a problem that it takes a time for transferring the
data. Further, in the case of Jpn. Pat. Appln. KOKAI Publication No.
6-15846, there are provided shift registers in two parallel steps, data is
15 transferred as two bits parallel data and therefore, there is a problem
that the number of signal lines is increased. BRIEF SUMMARY OF THE
INVENTION It is an object of the present invention to 20 provide a driving
device of printer head in which data can be transferred in series and thus,
one signal line suffices for transferring data, and even when data of two
values is handled, it is unnecessary to add and transfer dummy data, and
data transferring time can be 25 shortened more as the amount of bits of
print data is smaller so that data can be printed more swiftly. The present
invention described in claim 1 is that   1 0 J U N 2003 v - 4  a driving
device of a printer head which receives one bit serial print data of
maximum n bits tone per one pixel and which determines a driving waveform
for driving a printer head in accordance with the received 5 print data,
comprising: 



serial input shift register means for shifting the received one bit serial
print data; and changing means for changing a shift path of the shift
register means in accordance with the number m 10 (1 ~ m ~ n) of bits of
tone to be received. According to the invention described in claim 1, data
can be transferred in series and thus, one signal line suffices for
transferring data, and even when data of two values is handled, it is
unnecessary to add and 15 transfer dummy data, and data transferring time
can be shortened more as the amount of bits of print data is smaller so
that data can be printed more swiftly. Additional objects and advantages of
the invention will be set forth in the description which follows, and 20 in
part will be obvious from the description, or may be learned by practice of
the invention. The objects and advantages of the invention may be realized
and obtained by means of the instrumentalities and combinations
particularly pointed out hereinafter. 25 BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING The accompanying drawings, which are incorporated in
and constitute a part of the specification,   1 0 JUN 2003  - 5  illustrate
presently preferred embodiments of the invention, and together with the
general description given above and the detailed description of the
preferred embodiments given below, serve to explain the 5 principles of the
invention. FIG. 1 is a circuit block diagram showing a first embodiment of
the present invention; FIG. 2 is a timing waveform diagram showing
operation timing when print data in which each pixel 10 comprises four bits
is handled in the first embodiment; FIG. 3 is a timing waveform diagram
showing operation timing when print data in which each pixel comprises two
bits is handled in the first embodiment; FIG. 4 is a timing waveform
diagram showing 15 operation timing when print data in which each pixel
comprises one bit is handled in the first embodiment; FIG. 5 is a circuit
block diagram showing a second 



embodiment of the invention; FIG. 6 is a block diagram showing a structure
of 20 a mask circuit in the second embodiment; FIG. 7 is a timing waveform
diagram showing operation timing when print data in which each pixel
comprises four bits is handled in the second embodiment; 25 FIG. 8 is a
timing waveform diagram showing operation timing when print data in which
each pixel comprises three bits is handled in the second   1 0 ,lUN 2003  -
6  embodiment; FIG. 9 is a timing waveform diagram showing operation timing
when print data in which each pixel comprises two bits is handled in the
second embodiment; 5 FIG. 10 is a timing waveform diagram showing operation
timing when print data in which each pixel comprises one bit is handled in
the second embodiment; FIG. 11 is a circuit block diagram showing a third
embodiment of the invention; 10 FIG. 12 is a timing waveform diagram
showing operation timing when print data in which each pixel comprises one
bit is handled in the third embodiment; FIG. 13 is a circuit block diagram
showing a fourth embodiment of the invention; 15 FIG. 14 is a block diagram
showing a structure of a shift register with a selector; FIG. 15 is a
timing waveform diagram showing operation timing when print data in which
each pixel comprises four bits is handled in the fourth 20 embodiment; FIG.
16 is a timing waveform diagram showing operation timing when print data in
which each pixel comprises one bit is handled in the fourth embodiment;
FIG. 17 is a circuit block diagram showing a fifth 



25 embodiment of the invention; FIG. 18 is a diagram showing a structure of
a mask setting circuit of the fifth embodiment;    1 0 J U N 2003  FIG. 19
is a timing waveform diagram showing operation timing when print data in
which each pixel comprises four bits is handled in the fifth embodiment;
FIG. 20 is a timing waveform diagram showing 5 operation timing when print
data in which each pixel comprises one bit is handled in the fifth
embodiment; FIG. 21 is a circuit block diagram showing a sixth embodiment
of the invention; FIG. 22 is a timing waveform diagram showing 10 operation
timing when print data in which each pixel comprises one bit is handled in
the sixth embodiment; FIG. 23 is a circuit block diagram showing a
conventional example; FIG. 24 is a circuit block diagram showing another 15
conventional example; and - FIG. 25 is a circuit block diagram showing
another convention example. DETAILED DESCRIPTION OF THE INVENTION A first
embodiment of the present invention will 20 be explained with reference to
FIGS. 1 to 4. As shown in FIG. 1, there are provided: a serial/ parallel
conversion circuit 31 which converts serial print data SI of m bits (1 ~ m
c 4) tone into parallel data by m bits each and which can convert the
maximum 25 n = 4 bits of data into parallel data; a parallel shift register
unit 33 having k rows of four-bit parallel shift registers 32 which
transfer parallel print data   9 0 JU N 2003 



_ g _ of m bits from the serial/parallel conversion circuit 31 by m bits
each; and a serial data output circuit 34 which converts the parallel print
data of m bits transferred from a four-bit parallel shift register 32 5 of
the last raw of the parallel shift register unit 33 into serial data to
output as serial print data S0. That is, data output terminals O1 to 04 of
the serial parallel conversion circuit 31 are connected to data input
terminals D1 to D4 of the four-bit parallel 10 shift register 32 of the
first step, data output terminals O1 to 04 of the four-bit parallel shift
register 32 of the first to k-1 th step are connected to data input
terminals D1 to D4 of the four-bit parallel shift register 32 of the second
to k th steps, 15 respectively, and data output terminals O1 to 04 of the
four-bit parallel shift register 32 of k th step which is the last step are
connected to data input terminals D1 to D4 of the serial data output
circuit 34. Reset signal RST, shift clock SFCK are supplied to each of 20
the serial/parallel conversion circuit 31, each of the four-bit parallel
shaft registers 32 and the serial data output circuit 34. The data output
terminals O1 to 04 of each of the four-bit parallel shift registers 32 axe
connected to 25 input terminals of a mask circuit 35. The mask circuit 35
takes in parallel data of k th step transferred from each of the four-bit
parallel shift registers 32, and   1 0 J U N 2003  _ g _ masks them except
m bit which is required in each of steps by effective bit select signals
SLT1 and SLT2. The parallel data of k steps from the mask circuit 35 is
supplied to the latch circuit 36. The effective bit 5 select signals SLT1
and SLT2 are also supplied to the serial data output circuit 34. The serial
data output circuit 34 supplies serial print data to a printer head driving
device of the next step when a large number of printer head driving 10
devices are connected to one another in a cascade manner. Normally, in the
case of a line printer which prints one line by one line, a plurality of
printer head driving devices are connected to one another in a cascade
manner. 15 The latch circuit 36 latches the parallel data of k th step from
the mask circuit 35 at the input timing of latch signal LTH The parallel
data of k th steps latched by the latch circuit 36 is supplied to a
conductive waveform select circuit 37. The conductive 20 waveform select
circuit 37 selects one of conductive signals TP1 to TP15 and GND (ground
level) from a conductive signal generating circuit 27 for each of the steps
based on the parallel data of k th step from the latch circuit 36, and
supplies the selected signal to 25 head drivers 38. The head drivers 38
output head 



driving signal OUT1 to OUTk, respectively. Here, the reference number 25
represent a driving   1 a J U N 2003  - 10  device, and the reference
number 26 represents a control section. The control section 26 comprises a
conductive signal generating circuit 27 for outputting conductive signals
TP1 to TP15, and a control signal 5 generating circuit 28 for outputting
latch signal LTN, effective bit select signal SLT1, SLT2, shift clock SFCK,
a reset signal RST, serial print data SI and enable signal ENB. In such a
structure, if one pixel comprises four 10 bits for example, four bits
serial print data SI is input, and the operation timing of each the part is
as shown in FIG. 2. That is, if the reset signal RST rises from low level
to high level, the serial/parallel conversion circuit 31, each of the
four-bit parallel 15 shift registers 32 and the serial data output circuit
34 are initialized, and in this state, the serial print data SI and the
shift clock SFCK are input to the serial/parallel conversion circuit 31,
and the serial/ parallel conversion circuit 31 converts the four-bit 20
parallel print data whenever the four-bit print data is input. To each of
the four-bit parallel shift registers 32 and the serial data output circuit
34, the shift clock SFCK is input, and the enable signal ENB is also input
in synchronous with fourth bit of the serial 25 print data. In this manner,
each of the four-bit parallel shift registers 32 transfers the four-bit
parallel   1 0 J U N 2003  - 11  print data to the four-bit parallel shift
register 32 at the next step at the input timing of the enable signal ENB.
And if the shift of the four bits parallel print data with respect to the
four-bit parallel shift 5 register 32 of the k th step is completed, the
parallel data from the four-bit parallel shift register 32 of the last step
is converted into the serial print data by the serial data output circuit
34, and are supplied to the printer head driving device of the next step.
10 If the shift of data with respect to the four-bit parallel shift
registers of a11 of the printer head driving devices which are connected in
the cascade manner is completed, and print data of an amount of one line
has been shifted, the latch signal LTN is input, 15 the print data of the
amount of one line is subjected to a predetermined masking by the mask
circuit 35 one pixel by one pixel and latched by the latch circuit 36.
Since print data having the maximum tones of one-pixel four-bits is handled
this time, the masking by the mask 20 circuit 35 is not carried out. The
print data of the amount of one line latched by the latch circuit 36 is
supplied to the conductive waveform select circuit 37 as four bits pixel
data. 



The conductive waveform select circuit 37 selects 25 one of conductive
signals TP1 to TPl5 and the GND, and the selected conductive signal is
supplied to the corresponding head driver 38. The corresponding   1 0 J U N
2003  - 12  relationship between the four bits data and the conductive
signals at that time is as shown in Table 1. The head driving signal
selected for each of pixel in one line is output in this manner. 5 Table 1
Print Data SI HexConductive signal
TPnFTP15ETP14DTP13CTP12BTP11ATP109TP98TP87TP76TP65TP54TP43TP32TP21TP10GND
As shown in FIG. 2, for example, if a latch output with respect to n th
pixel is "FH", and a latch output with respect to n-1 th pixel is "EH", the
conductive waveform select circuit 37 selects the conductive 10 signal TP15
with respect to n th pixel, and selects the conductive signal TP14 with
respect to n-1 th pixel. In this manner, n th pin output waveform for
driving n th head element and n-1 th pin output waveform for driving n-1 th
head element are generated. 15 When one pixel comprises two bits, two bits
serial   1 0 J U N 2003  - 13  print data 5I is input, and the operation
timing of each of the parts is as shown in FIG. 3. That is, if the reset
signal rises from low level to high level, the serial/parallel conversion
circuit 31, each of the 5 four-bit parallel shift registers 32 and the
serial data output circuit 34 are initialized and in this state, the serial
print data SI and the shift clock SFCK are input to the serial/parallel
conversion circuit 31, and whenever the two bits serial print data 10 is
input, the serial/parallel conversion circuit 31 converts the same into two
bits parallel print data. At this time, the higher-order two bits (03, 04)
of the serial/parallel conversion circuit 31 are the two bits print data
input immediately before. The shift clock 15 SFCK is input to each of the
four-bit parallel shift registers 32 and the serial data output circuit 34,
and the enable signal ENB is input in synchronously with 



the second bit of the serial print data. In this manner, each of the
four-bit parallel 20 shift registers 32 transfers the two bits parallel
print data to the four-bit parallel shift register 32 at a timing where
enable signal ENB is input, thereby shifting data. If the shift of the two
bits parallel print data with respect to the four-bit parallel shift 25
register 32 of k th step is completed, parallel data from the four-bit
parallel shift register 32 of the last step is converted by the serial data
output    1 0 J U N 2003 - 14  circuit 34 into serial print data and
supplied to the printer head driving device of the next step. If the print
data of amount of one line has been shifted, the latch signal LTN is input,
and the print 5 data of amount of one line is subjected to a predeter mined
masking by the mask circuit 35 pixel by pixel and latched by the latch
circuit 36. That is, the mask circuit 35 masks the upper two bits among the
four bits line to forcibly bring the data to "00", and outputs 10 only the
lower two bits to the latch circuit 36 as effective bits. The print data of
amount of one line latched by the latch circuit 36 is supplied to the
conductive waveform select circuit 37 as two bits pixel data. 15 The
conductive waveform select circuit 37 selects one of the conductive signals
TP1 to TP3 and the GND based on the two bits data for each pixel and
supplies the selected conductive signal to the corresponding head driver
38. 20 That is, since the number of kinds of conductive signals (including
GND) which can be selected when one pixel comprises two bits is four, the
conductive signals TP4 to TP15 are not selected at that time, and only four
kinds of signals, i.e., the conductive 25 signals TP1 to TP3 and the GND
are selected with respect to the two bits data. The conductive signals TP1
to TP3 at that time are different from the   1 0 J U N 2003  - 15
conductive signals TP1 to TP3 when one pixel comprises four bits, for
example, the conductive signal TP3 corresponds to the conductive signal
TP15 when it comprises four bits, the conductive signal TP2 5 corresponds
to the conductive signal TP8 when it comprises four bits, and the
conductive signal TP1 



corresponds to the conductive signal TP1 when it comprises four bits. The
driving signal selected for each pixel of one 10 line is output in this
manner. For example, as shown in FIG. 3, if the latch output with respect
to n th pixel is "3H", and the latch output with respect to n-1 th pixel is
"2H", the conductive waveform select circuit 37 selects the 15 conductive
signal TP3 with respect to n th pixel, and selects the conductive signal
TP2 with respect to n-1 th pixel. In this manner, n th pin output waveform
for driving n th head element and n-1 th pin output waveform for driving
n-1 th head element are generated. 20 When one pixel comprises one bit, one
bit serial print data SI is input, and the operation timing of each of
parts is as shown in FIG. 4. That is, if the reset signal RST rises from
low level to high level, the serial/parallel conversion circuit 31, each of
the 25 four-bit parallel shift registers 32 and the serial data output
circuit 34 are initialized, and in this state, the serial print data SI and
the shift clock   1 0 J U N 2003 - 16  SFCK are input to the
serial/parallel conversion circuit 31, and the serial/parallel conversion
circuit 31 allows the one bit serial print data to pass as it is. To each
of the four-bit parallel shift registers 5 32 and the serial data output
circuit 34, the shift clock SFCK is input, and the enable signal ENB which
is always in high level state is also input. In this manner, each of the
four-bit parallel shift registers 32 sequentially transfers one bit print
10 data to the four-bit parallel shift register 32 of the next step at a
timing of the shift clock SFCK to shift data. If the shift of print data to
the four-bit parallel shift register 32 of the k th step is completed,
print data from the four-bit parallel shift 15 register 32 of the last step
passes through the serial data output circuit 34 as it is, and it is
supplied to the printer head device of the next step. If the shift of the
print data of amount of one line is completed, the latch signal LTN is
input, and 20 the print data of amount of one line is subjected to a
predetermined masking by the mask circuit 35 pixel by pixel and latched by
the latch circuit 36. That is, the mask circuit 35 masks the upper three
bits among the four bits line to forcibly bring the data to "000", 25 and
outputs only the lower one bit to the latch circuit 36 as an effective bit.
The print data of amount of one line latched by 



1 0 J U N 2003 - 17  the latch circuit 36 is supplied to the conductive
waveform select circuit 37 as one bit pixel data. The conductive waveform
select circuit 37 selects one of the conductive signal TP1 and the GND
based on the 5 one bit data for each pixel and supplies the selected
conductive signal to the corresponding head driver 38. That is, since the
number of kinds of conductive signals (including GND) which can be selected
when one pixel comprises one bit is two, the conductive signals 10 TP2 to
TP15 are not selected at that time, and only two kinds of signals, i.e.,
the conductive signals TP1 and the GND are selected. The driving signal
selected for each pixel of one line is output in this manner, and two
values can be 15 printed. For example, as shown in FIG. 4, if the latch
output with respect to n th pixel is "1H", and the latch output with
respect to n-1 th pixel is "OH", the conductive waveform select circuit 37
selects the 20 conductive signal TP1 with respect to n th pixel, and
selects the GND with respect to n-1 th pixel. In this manner, n th pin
output waveform for driving n th head element and n-1 th pin output
waveform for driving n-1 th head element are generated. The n th pin output
25 waveform is the waveform of the signal TP1, and the n-1 th pin output
waveform is a zero output waveform. Since data can be transferred in series
to the   1 0 J U N 2003 - 18  printer head driving device, the number of
signal lines used for data transfer can be only one. Further, when serial
print data at the maximum four bits tone can be received, even if the
situation is changed such that 5 two bits tone serial print data or one bit
serial print data of two values is handed, it is unnecessary to add and
transfer dummy data. Therefore, as the print data has smaller bit, the data
transfer time can be shortened, and data can be printed faster. 10 Next, a
second embodiment of the present invention will be explained with reference
to FIGS. 5 to 10. In FIG. 5, the control section 26 shown in FIG. 1 is
omitted. 



Elements similar to those in the above described 15 first embodiment are
designated by the same reference numerals, and portions different from the
first embodiment will be described. In the second embodiment, as shown in
FIG. 5, serial print data SI of m bits (1 m ~ 4) tone is supplied to a
select circuit 39. 20 The select circuit 39 supplies, mask data which is to
be input instead of the serial print data SI when the reset signal RST is
at low level, to a mask circuit 40 and the serial data output circuit 34
from an output terminal B, and the mask circuit 40 sets this mask data 25
and masks data other than the required m bit data. The mask data to be
supplied to the serial data output circuit 34 is output to a printer head
driving device   1 0 JUN 2003 - 19  of a next step which is connected in
the cascade manner, and is also set by the mask circuit in this printer
head driving device of the next step. The select circuit 39 supplies the
serial print 5 data SI which is input when the reset signal RST is at high
level to the serial/parallel conversion circuit 31 from an output terminal
A. The serial/parallel conversion circuit 31 converts this serial print
data into parallel print data and then, supplies the same 10 to input
terminals 1N1 to 1N4 of the mask circuit 40. The mask circuit 40 masks the
parallel print data input from the input terminals 1N1 to 1N4 other than
required m bit data, and supplies the same from output terminals OUT 1 to
OUT 4 to the four-bit parallel shift registers 15 32 of the first step. As
shown in FIG. 6, the mask circuit 40 comprises a serial/parallel conversion
circuit 41, a latch circuit 42, an enable signal generation circuit 43 and
an AND gate circuit 44. After the mask circuit 40 20 inputs mask data from
the select circuit 39 to the serial/parallel conversion circuit 41 to
convert the same into parallel data, the latch circuit 42 latches the
parallel data, and the latched output is supplied to the enable signal
generation circuit 43 and the AND 25 gate 44. The enable signal generation
circuit 43 determines a generation timing of the enable signal ENB based on
1 0 JUN 2003 - 20  the supplied data, and supplies the generated enable
signal ENB to each of the four-bit parallel shift registers 32 and the
serial data output circuit 34. The AND gate circuit 44 masks the parallel
print data 5 supplied from the input terminals 1N1 to 1N4 based on the mask
data latched by the latch circuit 42, and output only the effective bit to
the output terminals OUT1 to OUT 4. According to such a structure, when one
pixel 10 comprises four bits for example, the reset signal RST is brought
into low level as shown in FIG. 7, and in this state, four bits mask data
is supplied to the mask circuit 40 through the select circuit 39 in
synchronously with the shift clock SFCK. In this manner, the 15 mask data
is set in the latch circuit 42 of the mask circuit 40. 



Subsequently, after the reset signal RST rises from low level to high
level, and each of the four-bit parallel shift registers 32 and the serial
data output 20 circuit 34 are initialized, the four bits serial print data
SI is input in synchronously with the shift clock SFCK. The serial print
data is input to the serial/ parallel conversion circuit 31 through the
select circuit 39, and the serial/parallel conversion circuit 25 31
converts it into four bits parallel print data whenever the four bits
serial print data is input. This four bits parallel print data is supplied
to the   1 0 J U N 2003 - 21  four-bit parallel shift register 32 of the
first step through the mask circuit 40. Here, since the print data having
the maximum tones of one-pixel four-bits is handled, the masking of the
parallel print data by the 5 mask circuit 40 is not carried out. In this
manner, each of the four-bit parallel shift registers 32 transfers the four
bits parallel print data to the four-bit parallel shift register 32 of the
next step at the input timing of the enable 10 signal ENB for shifting
data. If the shift of the four bits parallel print data to the four-bit
parallel shift register 32 of the k th step is completed, parallel data
from the four-bit parallel shift register 32 of the last step is converted
into serial print data by 15 the serial data output circuit 34, and is
supplied to the printer head driving device of the next step. In this
manner, if the shift of data to each of the four-bit parallel shift
registers 32 of the a11 of the printer head devices which are connected in
the 20 cascade manner is completed, and the shift of data of amount of one
line is completed, the latch signal LTN is input, and print data of amount
of one line is latched by the latch circuit 36. The print data of amount of
one line latched by the latch circuit 36 is 25 supplied to the conductive
waveform select circuit 37 as one-pixel four-bits data. The conductive
waveform select circuit 37 selects one of the conductive signals   1 0 J1JN
2003 - 22  TP1 to TP15 and GND based on four bits data for each of the
pixels, and supplies the selected conductive signal to the corresponding
head driver 38. In this manner, the head driving signal selected for each
pixel of one 5 line is output. As shown in FIG.7, for example, if a latch
output with respect to n th pixel is "FH", and a latch output with respect
to n-1 th pixel is "EH", the conductive waveform select circuit 37 selects
the conductive 10 signal TP15 with respect to n th pixel, and selects the 



conductive signal TP14 with respect to n-1 th pixel. In this manner, n th
pin output waveform for driving n th head element and n-1 th pin output
waveform for driving n-1 th head element axe generated. 15 If one pixel
comprises three bits, as shown in FIG. 8, when the reset signal RST is at
low level, four bits mask data is set in the mask circuit 40 through the
select circuit 39. Subsequently, after the reset signal RST rises 20 from
low level to high level, and each of the four-bit parallel shift registers
32 and the serial data output circuit 34 are initialized, the three bits
serial print data SI is input in synchronously with the shift clock SFCK.
The serial print data is input to the serial/ 25 parallel conversion
circuit 31 through the select circuit 39, and the serial/parallel
conversion circuit 31 converts it into three bits parallel print data   1 0
J U N 2003 - 23  whenever the three bits serial print data is input. At
this time, the highest-order one bit (04) of the serial/parallel conversion
circuit 31 is the lowest-order one bit of the three bits print data input 5
immediately before. This three bits parallel print data is supplied to the
four-bit parallel shift register 32 of the first step through the mask
circuit 40. The mask circuit 40 masks the upper one bit among the four bits
line to 10 forcibly bring the data to "0", and outputs only the lower three
bits to the four-bit parallel shift register 32 of the first step as
effective bits. In this manner, each of the four-bit parallel shift
registers 32 transfers the three-bit parallel 15 print data to the four-bit
parallel shift register 32 'at the next step at the input timing of the
enable signal ENB. And if the shift of the three bits parallel print data
to the four-bit parallel shift register 32 of the k th step is completed,
the parallel 20 data from the four-bit parallel shift register 32 of the
last step is converted into the serial print data by the serial data output
circuit 34, and are supplied to the printer head driving device of the next
step. If the shift of data of amount of one line is 25 completed in this
manner, the latch signal LTN is input, and print data of amount of one line
is latched by the latch circuit 36. The print data of amount of one line 



1 0 J U N 2003 - 24  latched by the latch circuit 36 is supplied to the
conductive waveform select circuit 37 as one-pixel three-bits data. The
conductive waveform select circuit 37 selects one of the conductive signals
TP1 to 5 TP7 and GND based on three bits data for each of the pixels, and
supplies tie selected conductive signal to the corresponding head driver
38. That is, when one pixel comprises three bits, there are eight kinds of
conductive signal (including GND) which can be selected. 10 In this manner,
the head driving signal selected for each of pixel of one line is output.
As shown in FIG. 8, for example, if a latch output with respect to n th
pixel is "7H", and a latch output with respect to n-1 th pixel is "6H", the
conductive 15 waveform select circuit 37 selects the conductive signal TP7
with respect to n th pixel, and selects the conductive signal TP6 with
respect to n-1 th pixel. In this manner, n th pin output waveform for
driving n th head element and n-1 th pin output waveform for 20 driving n-1
th head element are generated. Further, if one pixel comprises two bits,
four bits mask data is set in the mask circuit 40 through the select
circuit 39 when the reset signal RST is at low level as shown in FIG. 9.
This is the same as the 25 case in which one pixel comprises four bits.
Subsequently, after the reset signal RST rises from low level to high
level, and each of the four-bit   1 0 J U N 2003 - 25  parallel shift
registers 32 and the serial data output circuit 34 are initialized, the two
bits serial print data SI is input in synchronously with the shift clock
SFCK. The serial print data is input to the serial/ 5 parallel conversion
circuit 31 through the select circuit 39, and the serial/parallel
conversion circuit 31 converts it into two bits parallel print data
whenever the two bits serial print data is input. At this time, the
higher-order two bits (03, 04) of 10 the serial/parallel conversion circuit
31 are the 



two bits print data input immediate before. This two bits parallel print
data is supplied to the four-bit parallel shift register 32 of the first
step through the mask circuit 40. The mask circuit 40 masks the 15 upper
two bits among the four bits line to forcibly bring the data to "00", and
outputs only the lower two bits as effective bits. In this manner, two bits
parallel print data is sequentially shifted and stored in each of the
four-bit 20 parallel shift registers 32. If the print data of an amount of
one line has been shifted, the latch signal LTN is input, and the print
data of the amount of one line is latched by the latch circuit 36. The
print data of amount of one line latched by the latch circuit 25 36 is
supplied to the conductive waveform select circuit 37 as one-pixel two-bits
data. The conductive waveform select circuit 37 selects one of the   1 0 J
U N 2003 - 26  conductive signals TP1 to TP3 and GND based on two bits data
for each of the pixels, and supplies the selected conductive signal to the
corresponding head driver 38. When one pixel comprises two bits, there are
four kinds 5 of conductive signal (including GND) which can be selected. In
this manner, the head driving signal selected for each of pixel of one line
is output. As shown in FIG. 9, for example, if a latch output with respect
to n th pixel is "3H", and a latch output 10 with respect to n-1 th pixel
is "2H", the conductive waveform select circuit 37 selects the conductive
signal TP3 with respect to n th pixel, and selects the conductive signal
TP2 with respect to n-1 th pixel. In this manner, n th pin output waveform
for driving 15 n th head element and n-1 th pin output waveform for driving
n-1 th head element are generated. Further, if one pixel comprises one bit,
tour bits mask data is set in the mask circuit 40 through the select
circuit 39 when the reset signal RST is at low 20 level as shown in FIG.
10. Subsequently, after the reset signal RST rises from low level to high
level, and each of the four-bit parallel shift registers 32 and the serial
data output circuit 34 are initialized, the one bit serial print 25 data SI
is input in synchronously with the shift clock SFCK. The serial print data
is input to the serial/ parallel conversion circuit 31 through the select
1 0 J U N 2003 - 27  circuit 39, and the serial/parallel conversion circuit
31 outputs this one bit serial print data as it is. 



At this time, the higher-order three bits (02, 03, 04) of the
serial/parallel conversion circuit 31 correspond 5 to print data input in
the order before the one bit serial print data (04 is data input
immediately before the one bit serial print data). This one bit parallel
print data is supplied to the four-bit parallel shift register 32 of the
first step through the mask circuit 10 40. The mask circuit 40 masks the
upper three bits among the tour bits line to forcibly bring the data to
"000", and outputs only the lower one bit as effective bit. IN this manner,
one bit parallel print data is 15 sequentially shifted and stored in each
of the four-bit parallel shift registers 32. If the print data of an amount
of one line has been shifted, the latch signal LTN is input, and the print
data of the amount of one line is latched by the latch circuit 36. The
print 20 data of amount of one line latched by the latch circuit 36 is
supplied to the conductive waveform select circuit 37 as one-pixel one-bit
data. The conductive waveform select circuit 37 selects one of the
conductive signal TP1 and GND based on one bit data 25 for each of the
pixels, and supplies the selected conductive signal to the corresponding
head driver 38. In this manner, the head driving signal selected for   1
,! U N 2003 - 28  each of pixel of one line is output. For example, as
shown in FIG. 10, if the latch output with respect to n th pixel is "1H",
and the latch output with respect to n-1 th pixel is "OH", 5 the conductive
waveform select circuit 37 selects the conductive signal TP1 with respect
to n th pixel, and selects the GND with respect to n-1 th pixel. In this
manner, n th pin output waveform for driving n yh head element and n-1 th
pin output waveform for driving 10 n-1 th head element are generated. The n
th pin output waveform is the waveform of the signal TP1, and the n-1 th
pin output waveform is a zero output waveform. Therefore, in this
embodiment also, since data can be transferred in series to the printer
head driving 15 device, the number of signal lines used for data transfer
can be only one. Further, when serial print data at the maximum four bits
tone can be received, even if the situation is changed such that two bits
tone serial print data or one bit serial print data of 20 two values is
handed, it is unnecessary to add and transfer dummy data. Therefore, as the
print data has smaller bit, the data transfer time can be shortened, and
data can be printed faster. Next, a third embodiment of the present
invention 25 will be explained with reference to FIGS. 11 and 12. In FIG.
11, the control section 26 shown in FIG. 1 is omitted.   1 0 J U N 2003 -
29  Elements similar to those in the above described first embodiment are
designated by the same reference numerals, and portions different from the
first embodiment will be described. In the third embodiment, 5 as shown in
FIG. 11, the basic circuit structure is the same as that of the first
embodiment except the mask circuit. The third embodiment is different from
the first embodiment in that the mask circuit is omitted, and the setting
method of the conductive signals TP1 to 



10 TP15 and the GND is changed. That is, when one pixel comprises four
bits, a different conductive waveform is set for each of the conductive
signals TP1 to TP15, and the conductive waveform select circuit 37 selects
one of the 15 conductive signals TP1 to TP15 and the GND based on the
one-pixel four-bit data from the latch circuit 36. Therefore, the operation
at that time is the same as the case in which one pixel comprises four bits
in the first embodiment. 20 Further, when one pixel comprises two bits,
each of the conductive signals TP4, TP8 and TP12 is set to the same state
as the GND such that the conductive waveform select circuit 37 selects the
conductive waveform of the GND when four bits data which are input 25 to
the conductive waveform select circuit 37 are OH, 4H, 8H and CH. Also, when
the four bits data are 1H, 5H, 9H and DH, each of the conductive signals
TP5, TP9 and   1 0 J U N 2003 - 30  TP13 are set to the same state as the
TP1 such that the conductive waveform select circuit 37 selects the
conductive waveform of the TP1. Further, when the four bits data are 2H,
6H, AH and EH, each of the conductive 5 ~ signals TP6, TP10 and TP14 are
set to the same state as the TP2 such that the conductive waveform select
circuit 37 selects the conductive waveform of the TP2. Further, when the
four bits data are 3H, 7H, BH and FH, each of the conductive signals TP7,
TP11 and TP15 are 10 set to the same state as the TP3 such that the
conductive waveform select circuit 37 selects the conductive waveform of
the TP3. In the operation at that time, even if the upper two bits among
the four bits are not masked 15 intentionally, the conductive waveform can
be selected using the lower two bits data only irrespective of the values
of these two bits. That is, among the four bits, only the lower two bits
are effective and the upper two bits are invalid substantially. 20
Therefore, in such a case, one-pixel two-bits tone can be printed if two
bits serial print data is input. Further, when one pixel comprises one bit,
the conductive signals TP2, TP4, TP4, TP6, TP8, TP10, TP12 and TP14 are set
to the same state as the GND such that 25 the conductive waveform select
circuit 37 selects the conductive waveform of the GND when the four bits
data which are input to the conductive waveform select   1 0 J U N 2003 -
31  circuit 37 are OH, 2H, 4H, 6H, 8H, AH, CH and EH. The conductive
signals TP3, TP5, TP7, TP9, TP11, TP13 and TP15 are set to the same state
as the TP1 such that the conductive waveform select circuit 37 selects the
5 conductive waveform of TP1 when the four bits data are 1H, 3H, 5H, 7H,
9H, BH, DH and FH. In the operation at that time, even if the upper 



three bits among the four bits are not masked inten tionally, the
conductive waveform can be selected using 10 the lower one bit data only
irrespective of the values of these three bits. That is, among the tour
bits, only the lower one bit is effective and the upper three bits are
invalid substantially. Therefore, in such a case, two values can be 15
printed if one bit serial print data is input. The operation timing when
one pixel comprises one bit is as shown in FIG. 12. For example, if the
latch output with respect to n th pixel is "xxxl" and the latch output with
respect to n-1 th pixel is "xxx0", 20 the conductive waveform select
circuit 37 selects any one of the conductive signals TP1, TP3, TP5, TP7,
TP9, TP11, TP13 and TP15 with respect to the n th pixel and selects the
conductive waveform corresponding to the conductive signal TP1, and selects
any one of the 25 conductive signals GND, TP2, TP4, TP6, TPB, TP10, TP12
and TP14 with respect to the n-1 th pixel and selects the conductive
waveform corresponding to the conductive   1 0 J U N 20p3 - 32  signal GND.
In this manner, n th pin output waveform for driving n th head element and
n-1 th pin output waveform for driving n-1 th head element are generated.
The n th pin output waveform is the waveform equal to 5 the signal TP1, and
the n-1 th pin output waveform is a zero output waveform. Therefore, in
this embodiment also, since data can be transferred in series to the
printer head driving device, the number of signal lines used for data 10
transfer can be only one. Further, when serial print data at the maximum
four bits tone can be received, even if the situation is changed such that
two bits tone serial print data or one bit serial print data of two values
is handed, it is unnecessary to add and 15 transfer dummy data. Therefore,
as the print data has smaller bit, the data transfer time can be shortened,
and data can be printed faster. Next, a fourth embodiment of the present
invention will be explained with reference to FIGS. 13 to 16. 20 In FIG.
13, the control section 26 shown in FIG. 1 is omitted. Elements similar to
those in the above described first embodiment are designated by the same
reference 



numerals, and portions different from the first embodi 25 ment will be
described. In the fourth embodiment, as shown in FIG. 13, shift registers
51 having selectors are used instead of the serial/parallel conversion   1
0 JUN 2003 - 33  circuit 31, each of the four-bit parallel shift registers
32 and the serial data output circuit 34. As shown in FIG. 14, each of the
shift registers 51 having selectors comprises a select circuit 56 and a 5
shift register group having four steps of D-type flip flops 52 to 55 which
are connected to one another in series, and sequentially shifts m bit tone
serial print data SI to the four steps of the D-type flip-flops 52 to 55 in
synchronously with the shift clock SFCK. 10 When the control signal MSLT is
at low level, the select circuit 56 selects an output of the flip-flop 55
of the last step and outputs the same from an output terminal Y to an
output terminal SO of the shift register 51, and when the control signal
MSLT is at 15 high level, the select circuit 56 selects an output of the
flip-flop 52 and outputs the same from the output terminal Y to the output
terminal SO of the shift register 51. An output of each of the flip-flops
52 to 55 is output to the mask circuit 35 through output 20 terminals O1 to
04. In such a structure, when one pixel comprises four bits for example,
four bits serial print data SI is input, and at that time, the control
signal MSLT is at low level, and the select circuit 56 selects an output 25
of the flip-flop 55 of the last step and outputs the same from the output
terminal Y. The operation timing of each of parts is as shown   1 0 J U N
2003 - 34  in FIG. 15. That is, if the reset signal RST rises from low
level to high level, each of shift registers 51 having selectors is
initialized, each of the shift registers 51 having selectors stores the
serial print 5 data four bits by four bits while sequentially shifting the
data. If the shift of serial print data to the shift register 51 having the
selector of k th step is completed, data is supplied from the shift
register 51 10 having the selector of the last step to the printer head
driving device of the next step, and the shift of 



data is carried out also in the next step. If the shift of the print data
from a11 of the printer head driving devices which are connected to one 15
another in the cascade manner to each of the shift registers 51 having
selectors is completed, and the shift of amount of one line is completed,
the latch signal LTN is input, and the print data of amount of one line is
latched by the latch circuit 36 through the 20 mask circuit 35 from the
output terminals O1 to 04 of each of the shift registers 51 having
selectors. Since print data having the maximum tones of one-pixel four bits
is handled this time, the masking by the mask circuit 35 is not carried
out. 25 The print data of the amount of one line latched by the latch
circuit 36 is supplied to the conductive waveform select circuit 37 as four
bits pixel data.   1 0 JUN 2003 - 35  The conductive waveform select
circuit 37 selects one of conductive signals TP1 to TP15 and the GND, and
the selected conductive signal is supplied to the corre sponding head
driver 38. In this manner, the head 5 driving signal selected for each of
pixels of one line is output. As shown in FIG. 15, for example, if a latch
output with respect to n th pixel is "FH", and a latch output with respect
to n-1 th pixel is "EH", the 10 conductive waveform select circuit 37
selects the conductive signal TP15 with respect to n th pixel, and selects
the conductive signal TP14 with respect to n-1 th pixel. In this manner, n
th pin output waveform for driving n th head element and n-1 th pin output
15 waveform for driving n-1 th head element are generated. Further, when
one pixel comprises one bit, one bit serial print data SI is input, and at
that time, the control signal MSLT is at high level, and the select circuit
56 selects an output of the flip-flop of the 20 first step and outputs the
same from the output terminal Y. The operation timing of each of the parts
is as shown in FIG. 16. That is, if the reset signal rises from low level
to high level, each of the shift 



25 registers 51 having selectors is initialized. In this state, if the
serial print data SI and the shift clock SFCK are input, each of the shift
registers 51 having   1 a J U N 2003 - 36  selectors stores the serial
print data in the flip-flop 52 of the first step and then, shifts the
output of the flip-flop 52 to the shift register 51 having the selector of
the next step. 5 If the shift of serial print data to the shift register 51
having the selector of k th step is completed, data is supplied from the
shift register 51 having the selector of the last step to the printer head
driving device of the next step, and the shift of 10 data is carried out
also in the next step. If the shift of the print data from a11 of the
printer head driving devices which are connected to one another in the
cascade manner to each of the shift registers 51 having selectors is
completed, and the 15 shift of amount of one line is completed, the latch
signal LTN is input, and the print data of amount of one line is latched by
the latch circuit 36 through the mask circuit 35 from the output terminals
O1 to 04 of each of the shift registers 51 having selectors. 20 At that
time, the mask circuit 35 makes only the bit data from the output terminal
O1 effective, and masks the outputs from the output terminals 02 to 04 to
zero. Therefore, the data to be latched by the latch circuit 36 becomes one
bit data in which one pixel is 25 represented by 1H or OH. The print data
of the amount of one line latched by the latch circuit 36 is supplied to
the conductive waveform select circuit 37 as   ~ 0 JUN 2003 - 37  one-pixel
one-bit data. The conductive waveform select circuit 37 selects one of
conductive signals TP1 and the GND, and the selected conductive signal is
supplied to the corresponding head driver 38. The head driving 5 signal
selected for each of pixel in one line is output in this manner. As shown
in FIG. 16, for example, if a latch output with respect to n th pixel is
"1H", and a latch output with respect to n-1 th pixel is "OH", the 10
conductive waveform select circuit 37 selects the conductive signal TP1
with respect to n th pixel, and selects the GND with respect to n-1 th
pixel. In this manner, n th pin output waveform for driving n th head
element and n-1 th pin output waveform for driving 



15 n-1 th head element are generated. Therefore, in this embodiment also,
since data can be transferred in series to the printer head driving device,
the number of signal lines used for data transfer can be only one. Further,
when serial print 20 data at the maximum four bits tone can be received,
even if the situation is changed such that one bit serial print data of two
values is handed, it is unnecessary to add and transfer dummy data.
Therefore, as the print data has smaller bit, the data transfer 25 time can
be shortened, and data can be printed faster. Next, a fifth embodiment of
the present invention will be explained with reference to FIGS. 17 to 20.
9 0 J U N 2009 - 38  In FIG. 17, the control section 26 shown in FIG. 1 is
omitted. Elements similar to those in the above described fourth embodiment
are designated by the same reference 5 numerals, and portions different
from the first embodiment will be described. In the present embodiment, as
shown in FIG. 17, a mask setting circuit 61 is newly provided, and the
reset signal RST, the shift clock SFCK and the data SI are input to this
mask 10 setting circuit 61, an output SL from the mask setting circuit 61
is supplied to the mask circuit 35, and the output SL is supplied to the
shift registers 51 having selectors as the control signal MSLT. As shown in
FIG. 18, the mask setting circuit 61 15 comprises two steps of D-type
flip-flops 62 and 63 which are connected in series, the shift clock SFCK
and the data SI are input to the flip-flop 62 at the first step, and the
reset signal RST is input to the flipflop 63 of the second step. An output
of the flip-flop 20 63 of the second step is used as a signal SL. In such a
structure, when the reset signal RST is at low level, step-number setting
data of the mask data and the shift register is input to the mask setting
circuit 61 in synchronously with the shift clock SFCK, 25 and when the
reset signal RST rises, the data is latched by the flip-flop 63 and is
supplied to the mask circuit 35 and each of the shift registers 51 having
1 0 JUN 2003 



- 39  selectors as the signal SL. When this signal SL is at low level, a
circuit setting for coping with one-pixel four-bits is carried out, and the
signal SL is at high level, a circuit setting for coping with one-pixel 5
one-bit is carried out. For example, when one pixel comprises four bits,
four bits serial print data SI is input, and at that time, the control
signal MSLT is at low level, and a select circuit 56 of the shift register
51 having 10 the selector selects an output of the flip-flop 55 of the last
step and outputs the same from the output terminal Y. The operation timing
of each of parts at that time is as shown in FIG. 19. That is, when the
reset signal 15 RST rises from low level to high level, each of the shift
registers 51 having selectors is initialized, and in this state, if the
serial print data SI and the shift clock SFCK are input, each of the shift
registers 51 having selectors stores the serial print data four 20 bits by
four bits while sequentially shifting the data. If the shift of serial
print data to the shift register 51 having the selector of k th step is
completed, data is supplied from the shift register 51 having the selector
of the last step to the printer 25 head driving device of the next step,
and the shift of data is carried out also in the next step. If the shift of
the print data from a11 of the   1 0 J U N 2003 - 40  printer head driving
devices which are connected to one another in the cascade manner to each of
the shift registers 51 having selectors is completed, and the shift of
amount of one line is completed, the latch 5 signal LTN is input, and the
print data of amount of one line is latched by the latch circuit 36 through
the mask circuit 35 from the output terminals O1 to 04 of each of the shift
registers 51 having selectors. Since print data having the maximum tones of
one-pixel 10 four-bits is handled this time, the masking by the mask
circuit 35 is not carried out. The print data of the amount of one line
latched by the latch circuit 36 is supplied to the conductive waveform
select circuit 37 as four bits pixel data. 15 The conductive waveform
select circuit 37 selects one of conductive signals TP1 to TP15 and the
GND, and the selected conductive signal is supplied to the corresponding
head driver 38. In this manner, the head driving signal selected for each
of pixels of one line 20 is output. As shown in FIG. 19, for example, if a
latch output with respect to n th pixel is "FH", and a latch output with
respect to n-1 th pixel is "EH", the conductive waveform select circuit 37
selects the 25 conductive signal TP15 with respect to n th pixel, and
selects the conductive signal TP14 with respect to n-1 th pixel. In this
manner, n th pin output waveform 



1 0 JUN Z003 - 41  for driving n th head element and n-1 th pin output
waveform for driving n-1 th head element are generated. Further, when one
pixel comprises one bit, one bit serial print data SI is input, and at that
time, the 5 control signal MSLT is at high level, and the select circuit 56
selects an output of the flip-flop of the first step and outputs the same
from the output terminal Y. The operation timing of each of the parts is as
10 shown in FIG. 20. That is, when the reset signal rises from low level to
high level, each of the shift registers 51 having selectors is initialized.
In this state, if the serial print data SI and the shift clock SFCK are
input, each of the shift registers 51 having 15 selectors stores the serial
print data in the flip-flop 52 of the first step and then, shifts the
output of the flip-flop 52 to the shift register 51 having the selector of
the next step. If the shift of serial print data to the shift 20 register
51 having the selector of k th step is completed, data is supplied from the
shift register 51 having the selector of the last step to the printer head
driving device of the next step, and the shift of data is carried out also
in the next step. 25 If the shift of the print data from all of the printer
head driving devices which are connected to one another in the cascade
manner to each of the shift   1 0 JUN 2003 - 42  registers 51 having
selectors is completed, and the shift of amount of one line is completed,
the latch signal LTN is input, and the print data of amount of one line is
latched by the latch circuit 36 through the 5 mask circuit 35 from the
output terminals O1 to 04 of each of the shift registers 51 having
selectors. At that time, the mask circuit 35 makes only the bit data from
the output terminal O1 effective, and masks the outputs from the output
terminals 02 to 04 to zero. 10 Therefore, the data to be latched by the
latch circuit 36 becomes one bit data in which one pixel is represented by
1H or OH. The print data of the amount of one line latched by the latch
circuit 36 is supplied to the conductive waveform select circuit 37 as one
15 pixel one-bit data. The conductive waveform select circuit 37 selects
one of conductive signals TP1 and the GND, and the selected conductive
signal is supplied to the corresponding head driver 38. The head driving
signal selected for each of pixel in one line is output 20 in this manner.
As shown in FIG. 20, for example, if a latch output with respect to n th
pixel is "1H", and a latch output with respect to n-1 th pixel is "OH", the
conductive waveform select circuit 37 selects the 25 conductive signal TP1
with respect to n th pixel, and selects the GND with respect to n-1 th
pixel. In this manner, n th pin output waveform for driving n th head   1 0
J U N 2003 - 43  element and n-1 th pin output waveform for driving n-1 th
head element are generated. Therefore, in this embodiment also, since data
can be transferred in series to the printer head driving 5 device, the
number of signal lines used for data transfer can be only one. Further,
when serial print data at the maximum four bits tone can be received, even
if the situation is changed such that one bit serial print data of two
values is handed, it is 10 unnecessary to add and transfer dummy data.
Therefore, as the print data has smaller bit, the data transfer 



time can be shortened, and data can be printed faster. Next, a sixth
embodiment of the present invention will be explained with reference to
FIGS. 21 and 22. 15 In FIG. 21, the control section 26 shown in FIG. 1 is
omitted. Elements similar to those in the above described fourth embodiment
are designated by the same reference numerals, and portions different from
the first 20 embodiment will be described. In the present embodiment, as
shown in FIG. 21, the basic circuit structure is the same as that of the
fourth embodiment except the mask circuit. The present embodiment is
different in that the mask circuit is omitted and the 25 setting method of
the conductive signals TP1 to TP15 and the GND is changed. That is, when
one pixel comprises four bits,   1 0 J U N 2003 - 44  a different
conductive waveform is set for each of the conductive signals TP1 to TP15,
and the conductive waveform select circuit 37 selects one of the conductive
signals TP1 to TP15 and the GND based on the 5 one-pixel four-bit data from
the latch circuit 36. Therefore, the operation at that time is the same as
the case in which one pixel comprises four bits in the fourth embodiment.
Further, when one pixel comprises one bit, each of 10 the conductive
signals TP2, TP4, TP4, TP6, TP8, TP10, TP12 and TP14 is set to the same
state as the GND such that the conductive waveform select circuit 37
selects the conductive waveforfi of the GND when four bits data which are
input to the conductive waveform select 15 circuit 37 are OH, 2H, 4H, 6H,
8H, AH, CH, and EH. Also, when the tour bits data are 1H, 3H, 5H, 7H, 9H,
BH, DH and FH, each of the conductive signals TP3, TP5, TP7, TP9, TP11,
TP13 and TP15 are set to the same state as the TP1 such that the conductive
waveform select 20 circuit 37 selects the conductive waveform of the TP1.
In the operation at that time, even if the upper three bits among the four
bits are not masked intentionally, the conductive waveform can be selected
using the lower one bit data only irrespective of the values 25 of these
three bits. That is, among the four bits, only the lower one bit is
effective and the upper three bits are invalid substantially.   1 0 J U N
2003 - 45  Therefore, in such a case, two values can be printed if one bit
serial print data is input. The operation timing when one pixel comprises
one bit is as shown in FIG. 22. For example, if the latch 5 output with
respect to n th pixel is "xxxl" and the latch output with respect to n-1 th
pixel is "xxx0", the conductive waveform select circuit 37 selects any one
of the conductive signals TP1, TP3, TPS, TP7, TP9, TP11, TP13 and TP15 with
respect to the n th pixel to 10 selects the conductive waveform
corresponding to the 



conductive signal TP1, and selects any one of the conductive signals GND,
TP2, TP4, TP6, TP8, TP10, TP12 and TP14 with respect to the n-1 th pixel
and selects the conductive waveform corresponding to the conductive 15
signal GND. In this manner, n th pin output waveform for driving n th head
element and n-1 th pin output waveform for driving n-1 th head element are
generated. The n th pin output waveform is the waveform of the signal TP1,
and the n-1 th pin output waveform is a 20 zero output waveform. Therefore,
in this embodiment also since data can be transferred in series to the
printer head driving device, the number of signal lines used for data
transfer can be only one. Further, when serial print 25 data at the maximum
four bits tone can be received, even if the situation is changed such that
one bit serial print data of two values is handed, it is   1 0 J U N 2003 -
46  unnecessary to add and transfer dummy data. Therefore, as the print
data has smaller bit, the data transfer time can be shortened, and data can
be printed faster. Additional advantages and modifications will 5 readily
occur to those skilled in the art. Therefore, the invention in its broader
aspects is not limited to the specific details and representative
embodiments shown and described herein. Accordingly, various modifications
may be made without departing from the 10 spirit or scope of the general
inventive concept as defined by the appended claims and their equivalents.
1 0 J U N 2003 - 47  CLAIMS 1. A driving device of a printer head which
receives one bit serial print data of maximum n bits tone per one pixel and
which determines a driving 5 waveform for driving a printer head in
accordance with the received print data, comprising: serial input shift
register means for shifting said received one bit serial print data; and
changing means for changing a shift path of 10 said shift register means in
accordance with the number m (1 ~ m ~ n) of bits of tone to be received. 2.
A driving device of a printer head according to claim 1, wherein said
serial input shift register means comprises a first shift register for
inputting 



15 one bit serial print data in series to convert it into a parallel output
of maximum n bits, and a second register of n bits parallel input connected
to said first shift register, said changing means changes said shift path
of 20 said shift register means by changing a shift timing of said second
shift register. 3. A driving device of a printer head according to claim 1,
wherein said serial input shift register means comprises a plurality of
shift registers 25 connected to one another in series capable of selecting
the number m of steps (1 ~~m ~ n), and said changing means select the
number m of steps in accordance with   1 0 J U N 2003 - 48  the number m of
bits of tone to be received so as to change a shift path of said shift
register means. 4. A driving device of a printer head which receives one
bit serial print data of maximum n bits 5 tone per one pixel and which
determines a driving waveform for driving a printer head in accordance with
the received print data, comprising: serial parallel converting means which
converts one bit serial print data of m bit (1 ~ m c n) tone 10 into
parallel data m bit by m bit and which can converts maximum n bits in
parallel; n bit parallel shift register for transferring m bit parallel
print data converted by said serial parallel converting means m bit by m
bit; 15 masking means for masking said n bit parallel data transferred by
said n bits parallel shift register other than necessary bit; selecting
means for selecting a conductive waveform of a head in accordance with said
m bit 20 parallel print data output from said masking means; and a head
driver for supplying the conductive 



waveform.selected by said selecting means to a printer head. 5. A driving
device of a printer head according 25 to claim 4, wherein said masking
means masks other than a necessary m bit. 6. A driving device of a printer
head which   i 0 JUN 2003 - 49  receives one bit serial print data of
maximum n bits tone per one pixel and which determines a driving waveform
for driving a head in accordance with the received print data, comprising:
5 serial parallel converting means which converts one bit serial print data
of m bit (1 c m ~ n) tone into parallel data for m bit by m bit; masking
means which takes in mask data for masking m bit parallel print data other
than necessary m bit 10 and masks said m bit parallel print data converted
by said serial parallel converting means based on said mask data, and to
output a timing signal for transfer ring said masked parallel print data to
a rear step; n bit parallel shift register for taking in said 15 masked
parallel print data transferred from said masking means in reply to said
timing signal from said masking means, and for transferring said parallel
print data m bit by m bit; selecting means for selecting a conductive 20
waveform of a head in accordance with said parallel print data from said n
bit parallel shift register; and a head driver for supplying the conductive
waveform selected by said selecting means to a printer head. 25 7. A
driving device of a printer head according to claim 6, wherein said mask
data to be taken by said masking means is input from an input terminal of
said   1 0 J U N 2003 - 50  



serial print data. 8. A driving device of a printer head according to any
one of claims 1 to 4, further comprising: a serial data output circuit for
converting said m bit 5 parallel print data transferred from said n bit
parallel shift register of the last step into serial data, and outputting
the same. 9. A driving device of a printer head which receives one bit
serial print data of maximum n bits 10 tone per one pixel and which
determines a driving waveform for driving a head in accordance with the
received print data, comprising: serial parallel converting means which
converts one bit serial print data of m bit (1 ~ m ~ n) tone 15 into
parallel data m bit by m bit and which can converts maximum n bits in
parallel; n bit parallel shift register for transferring m bit parallel
print data converted by said serial parallel converting means m bit by m
bit; 20 setting means for setting a conductive waveform such that a
selection of the conductive waveform by (n - m) bit other than effective m
bit of said parallel print data of m bit transferred by said n bit parallel
shift register is invalidated; 25 selecting means for selecting said
conductive waveform of a head in accordance with said m bit parallel print
data from said n bit parallel shift   1 0 JUN 2003 - 51  register; and a
head driver for supplying said conductive waveform selected by said
selecting means to a printer head. 5 10. A driving device of a printer head
which receives one bit serial print data of maximum n bits tone per one
pixel and which determines a driving waveform for driving a head in
accordance with the received print data, comprising: 10 a shift register
device having a selector compris ing shift registers when one bit serial
tone is taken, said the shift registers 15 masking means effective m bits
of said shift resister of the maximum n steps in which print data of m bit
(1 c m ~ n) one bit serial print data is set in of m steps; for masking
bits other than 



utmost n-step bit data output from device; selecting means for selecting
said conductive waveform of a head in accordance with said m bit 20
parallel print data output from said masking means; and a head driver for
supplying said conductive waveform selected by said selecting means to a
printer head. 11. A driving device of a printer head according 25 to claim
10, wherein setting data of the number of steps of said shift registers in
said shift register device having the selector is input from an input   1 0
J U N 2003 - 52  terminal of said serial print data. 12. A driving device
of a printer head according to claim 10 or 11, wherein a setting for
masking (n - m) bit other than said effective m bit by said 5 masking means
is carried out by data input from an input terminal of said serial print
data. 13. A driving device of a printer head which receives one bit serial
print data of maximum n bits tone per one pixel and which determines a
driving 10 waveform for driving a head in accordance with the received
print data, comprising: a shift register device having a selector compris
ing shift registers of the maximum n steps in which when one bit serial
print data of m bit (1 c m c n) 15 tone is taken, said one bit serial print
data is set in the shift registers of m steps; setting means which treats
data output from each of the steps set by said shift register device as m
bit parallel print data, and which sets a conductive 20 waveform such that
a selection of the conductive waveform by a bit other than effective m bit
of said parallel print data of m bit is invalidated; selecting means for
selecting said conductive waveform of a head in accordance with said m bit
25 parallel print data output from said shift register device having a
selector; and a head driver for supplying said conductive   
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U!9#@#10%BB&'()-9#@#10%j&'()-3 !F10%B&'()-F  10%B&'()-3 910%B&'()-3
Y10%B&'()-v%%%%&C&x&dEmbC410% U!3 0y10%B&'()-  /10%B&'()-99-10%B&'()-
Y+910%B&'()-)10%B&'()-3 ' 10%B&'()-x&&& 'T'''''dYNC410% U! 10B 



10B 10BF :10%B&'()-F 810%B&'()-96-#10%B&'()-3 4&10%B&'()-3 2Y10%B&'()-
''''w(((dEYNC410% U! F 10%B&'()-!10%B&'()-3
s10%B&'()-&`10%B&'()-M10%B&'()-`&10%B&'()-()J)))**dEYNC410% U!
9#-#10%B&'()-3 Y 10%J&'()-Ly 10%B&'()-3 10%B&'()-F 10%B&'()-
10%B&'()-*++,,Q,,dEYNC410% U! 3 410%B&'()- 210%B&'()-3 010%B&'()-3
/10%B&'()-99-"10%B&'()-3 %10%B&'()-,,,/-0-1-2-A-B-bC410% U!L10% h&'()-`%10%
h&'()- 10B 10B 10B  :10%B&'()-3 8310%B&'()-&6@#10%B&'()-B-H-.W.v...dEbC410%
U!3  10% h&'()-  10% h&'()-F 10% h&'()-M!10% h&'()-3 L 10% &'()-L10%
h&'()-./F//,0061dEbC410% 



U!9-M!10% h&'()-3 %10% h&'()-`L#m"10% h&'()-3 F10% h&'()-MLS10% h&'()-F
`10% h&'()-61 2A2l222222xmbC410% U!Y%10%Z&'()-  10 h 10 h 10 h  Y:10%
h&'()-F f8z10% h&'()-9610% h&'()-F .10% h&'()-222333)4dEmbC410%
U!G10%Z&'()-10%Z&'()-s!10%Z&'()-10%Z&'()-ys10%Z&'()-&`10%Z&'()-M)4<4m44z556
dEmbC410% U!% 10%Z&'()-#!10%Z&'()-Y 10%Z&'()-y
10%Z&'()-10%Z&'()-10%Z&'()-66777 888 8dYNC410% U! 10Z 10Z 10Z  :310%Z&'()-
8Z10%Z&'()-6  10%Z&'()- / 10%Z&'()-9-s!10%Z&'()- 888$8859:dEYNC410% U!
10%4|&'()-"10%4|&'()-   10%4|&'()-m10%4|&'()-`:10%4|&'()-L%10%4|&'()-:A:;O;
,<N<<dEYNC410% U! 3 /910%4|&'()- LL-10%4|&'()-F %310%4|&'()-t9# "10%4|&'()-
YF10%4|&'()-9y"10%4|&'()-<<<=U=====dE:/ 



104| 104|Y ::10%4|&'()-Y 810%4|&'()-L6"10%4|&'()-Y 410%4|&'()-F
210%4|&'()-F 110%4|&'()-=====>>>xY:/ 104|10% U&'()-10% U&'()-3 10%
U&'()-m10% U&'()-&M10% U&'()-M%10% U&'()- 104|>>>>>>>>qR:/ 104|310%
U&'()-10% U&'()-310% U&'()-&10% U&'()-10% U&'()->>>>>>>>u]C/ 104|10%
U&'()-310% U&'()-10% U&'()-310% U&'()-10% U&'()->>>>>>>>x^?/ 104|10%
U&'()-10% U&'()-310% U&'()-10% U&'()-310% U&'()->>>>>>??}^F/ 104|310%
U&'()-10% U&'()-310% U&'()-10% 



U&'()-3??? ?????u]C/ 104|10% U&'()-3&10% U&'()-)10% U&'()-3&10% U&'()-)10%
U&'()-??????!?%?x^?/ 104|10% U&'()-10% U&'()-310% U&'()-10% U&'()-310%
U&'()-%?&?(?,?-?/?3?4?}^F/ 104|310% U&'()-10% U&'()-310% U&'()-10%
U&'()-34?6?:?;?<?o???tS2/ 1   -f10%8(&'()-   +10%8(&'()- )G10%8(&'()-10%
U&'()-3&10% U&'()-)10% U&'()-? @H@}@@@A|[:2/ 1    810%8(&'()- 3
6S10%8(&'()- 3 5S10%8(&'()-   &3,10%8(&'()- 9F1#10%8(&'()-
f/10%8(&'()-AHAIAJAKAZA[AbA7BvU4 1   t10%}'&'()- l10%%(&'()- &:10%%(&'()-`
'10%%(&'()-108(108(108( &:#10%8(&'()-7BmB=CtCCMDD|[:vU4 1   &$M!10%%(&'()-
10%%(&'()-  10%7&&'()-  10%%(&'()-    10%%&'()- @-
10%%(&'()-DDDEIEEWF|[:vU4 1    



f/10%'&'()- s-- 10%%(&'()-  +G10%%(&'()-  )m10%%(&'()-  'g10%%(&'()-   %
10%%(&'()-WFFFFFFFFGvU4 1  '10%%(&'()- :10%%(&'()-`10%(10%(10%(
:10%%(&'()-   810%%(&'()- 6`!10%%(&'()-GGDGrGGGH|[:vU4 1    "10%%(&'()- 3
910%%(&'()-   Y 910%%(&'()-   yl10%%(&'()-   &10%%(&'()- m10%%(&'()-HH
I0I`III|[:vU4 1     "F10%%(&'()- 3 , Y10%%(&'()-  L10%%(&'()- 3
l@10%%(&'()- 9@ 10%%(&'()-   F10%%(&'()-IIJJKKL|[:vU4 1   3 810%%(&'()-
&6F10%%(&'()-   ,/10%%(&'()- &`- "10%%(&'()-   %10%%(&'()-`
9$!10%%(&'()-LGLHLILJLYLZLaL+MvU4 1   t10%'_('&'()- m10%'_('&'()-
&:10%'_('&'()-M y&10%'_('&'()-10%(10%(10%(   :10%%(&'()-+M^MMMMN+N|[:vU4 1
10%'_('&'()- 10%'_('&'()- 10%'_('&'()-  &10%'_('&'()-  3410%'_('&'()-
S10%'_('&'()-+NYNNNN.O`O|[:vU4 1   &F10%'$'&'()- &$!10%'_('&'()-
F"10%'_('&'()-  f  10%'_('&'()- G10%'_('&'()-
10%'_('&'()-`OP7PQCQwQQQ|[:-410'_(' :10%'_('&'()- 810%'_('&'()- 6
10%'_('&'()- f/10%'''&'()- -!10%'_('&'()- &F10%'_('&'()-QQQQQRRSbA410'_('
3 10%$&'()- ,, 10%$&'()- 3 s10%$&'()- m10%$&'()- &
10%$&'()-10'_('10'_('S/S]SSSTT|[:A410'_(' 9$Z"10%$&'()- 3 `10%$&'()-
9m"10%$&'()- F 10%$&'()- 3 



310%$&'()- 3 10%$&'()-TU8UhUUUV|[:A410'_(' 3 @/10%"&'()- &`-"10%$&'()- F
+10%$&'()- 3 )f10%$&'()- 3 '10%$&'()- 3 %s10%$&'()-VVW2W3W4W5WDWKWvU410
m10%$&'()- %10%$&'()-10$10$10$   :10%$&'()- F 810%$&'()-
&6#10%$&'()-KWWXTXXXX|[:vU410  3 10%$&'()-  '10%$&'()-   `10%$&'()-
,t!10%$&'()-  10%$&'()-  10%="&'()-X*YeYYYYZ|[:vU410  F  "S10%$&'()-   @
10%$&'()- 3 s10%$&'()- 3 10%$&'()- &-#10%$&'()-
10%$&'()-Z%ZSZZZZ([|[:vU410  9`- "10%$&'()- F +10%$&'()- F ) 10%$&'()- 3
'Y10%$&'()-   %10%$&'()- 9&$S10%$&'()-([[[6\l\\\\\|[NA41010$10$10$ F
:10%$&'()- Y 810%$&'()-  L6 10%$&'()- 3 @/F10%$&'()- 3
@/F10%b#&'()-\\\\]]^|[:NA41010  10%?$&'()- "10% &'()- f"10%z?$z&'()-
10%?$&'()- ym10%?$&'()- @&10%?$&'()-^^-_6_g_>`n`|[:NA41010 +-#10%&'()-F
&$y#10%?$&'()- F"910%?$&'()- S Z10%?$&'()- sS10%?$&'()-
,#10%?$&'()-n`aaa$b%b&b'b4b|obU410 &l10%#&'()-10?$10?$10?$ :10%?$&'()-
6"10% ?$ &'()- 6"10%!&'()- +-#10%?$&'()-F 4b;btbbbb7c|[:bU410  ,!10%#&'()-
F Lf10%#&'()- Y l 10%#&'()- Y y10%#&'()- Y m10%#&'()- m10%#&'()-7cdBd"e;
emee|[:bU410  l 



'10%#&'()- F %10%#&'()- `$10%#&'()- Y  10%#&'()- `!10%#&'()- Y
10%#&'()-eef=fg!gTg|[:bU410  F 8310%#&'()- `6f10%#&'()- l @/t10%##&'()-
`s-, 10%#&'()- l + 10%#&'()- Y )s10%#&'()-Tgggggggrh"ivU410 t`!10%;#;&'()-
o`!10%6T#6&'()-  m10%#&'()- L'10%#&'()-10#10#10# l
:10%#&'()-"iPi`jjAk{kk|[:vU410 t F f/n10%#&'()-o 9'"10%#&'()- 9'"10%#&'()-
9#10%>"&'()- 9#10%#&'()-   Y10%#&'()-kOllllllmmvU410 3  10%$&'()-
m10%$&'()- `'10%$&'()-10!10!10! 9F1"10%!&'()-  9F1"10%"&'()-
mn2nfnnno|[:vU410  9-#10%$&'()- 9-#10%!&'()- 3 10%$&'()- 3 10%$&'()-
3l10%$&'()- @10%$&'()-oopJpzppp|[:vU410  3 +10%$&'()- 3 )10%$&'()-
'10%$&'()- 3 %10%$&'()- 9&$!10%$&'()- 3
10%$&'()-spqq(r]rrrrr|[NA41010$10$10$ 3 :310%$&'()- 3 810%$&'()-
96!10%$&'()- 3 f/10%$&'()- &- "10%$&'()-rrrssst|[:NA41010 F 10%#&'()-
3F10%#&'()- S10%#&'()- F  10%#&'()- m10%#&'()-
%10%#&'()-t9tkttpuuu|[:NA41010 3 & 10%#&'()- L&$ 10%#&'()- 3 f10%#&'()-
L#10%#&'()- F 10%#&'()- F f10%#&'()-uv&vUvviww|[:NA41010 9610%#&'()- 3 f/
10%#&'()- 9-"10%#&'()-   



+10%#&'()- 3 )910%#&'()- 3 'f10%#&'()-wwxx xxx!xUxvU410   10%$&'()-
Z10%$&'()- %,10%$&'()-10#10#10# 3 :F10%#&'()- 3 810%#&'()-Uxxxxy7yy|[:vU410
3 s10%"&'()-   3310%$&'()- S10%$&'()- 3 s 10%$&'()- 3  10%$&'()-
10%$&'()-yyz>zozzz|[:vU410  3 F"10%$&'()-   f F10%$&'()- 3 10%$&'()- 3
y10%$&'()- 9M!10%$&'()-   10%$&'()-z {{|F|}|||[:vU410  3 93-10%$&'()-
F110%$&'()- 3 y/10%$&'()- &-`!10%$&'()-   &10%5!&'()-
9&$!10%$&'()-||}S}}}}}}|obU410 y&10%#&'()-10$10$10$ 3 : 10%$&'()- 3
8s10%$&'()- &6z#10%$&'()-   5Y10%$&'()-}}}~9~q~~|[:bU410  f 10%#&'()- 3
10%#&'()- 3  &10%#&'()- 3 F10%#&'()- F 310%#&'()- m10%#&'()-~H}|[:bU410  3
l"f10%#&'()- 3  10%#&'()-  Z10%#&'()- F m10%#&'()- 9 "10%#&'()- 3 



Y10%"&'()-}R|[:bU410  9-10%#&'()- F +f10%#&'()- F )f10%#&'()- 3 (10%#&'()-
3 ,&10%#&'()- 9L$10%#&'()-O|[:bU410    910%#&'()- 9710%#&'()- F ,510%#&'()-
F L310%#&'()- 3 l1y10%#&'()-   /10%#&'()--4kvU410 W "10%#&'()-x 8 10%#&'()-
m10%#&'()- &10%#&'()-10#10#10# F :10%#&'()-@wC|[:vU410 W L"10%#&'()-
L"10%<#&'()- L4"10%!&'()- L4"10% &'()- < 310%#&'()-  "10% &'()-xvU410
m10%$&'()- %10%$&'()-10F#10F#10F# L)-#10%F#&'()- L)-#10%"&'()-
L)-#10%"&'()-9l|[:vU410    s10%$&'()-  410%$&'()- 3 &s10%$&'()- 3 F
10%$&'()- f10%$&'()-   10%$&'()- Dx|[:vU410  99$:!10%$&'()- 3 l"@10%$&'()-
10%$&'()- 3 `10%$&'()-   10%$&'()- 9:!10%$&'()-Cw|[:vU410   /10%$&'()-
&-10%$&'()- 3 +10%$&'()-   )10%$&'()-   ' 10%$&'()-
&10%$&'()-1h=>|[:-410$   :10%$&'()- 3 8@10%$&'()- &7"10%$&'()-
,5S10%$&'()-   L3s10%$&'()- F l1M10%$&'()->?@OVfbA410$  3 3x10%$&'()-
s"10%$&'()-y "10%aY#a&'()-y m10%$&'()- &,10%$&'()-10$10$@'b*|[:A410$
&y/m"10%$&'()-M &9$#10%$&'()-G  &9$#10%$&'()-G    



Y"10%$&'()- 9"10%$&'()-  9"10%]#&'()- * vU410 k!10%2"2&'()-@ f!10%--&'()-@
m10%#&'()- ,&10%#&'()-10$10$10$ &y/m"10%$&'()-MQ|[:vU410 k 9c"@#10%"&'()-f
$ y P10%#&'()- 9F-#10%"&'()-: 9F-#10%#&'()-: 9F-#10%Y#&'()-:
!10%#&'()-@,-./>|obU410 F%@10%$&'()-10#10#10# 97!10%#&'()-   ,510%#&'()-
9c"@#10%7#&'()- 9c"@#10%"&'()->EvM|[:bU410  @"10%$&'()-  `10%$&'()-
z10%$&'()-  10%$&'()- &10%$&'()- m10%$&'()-M$Dq|[:bU410  10%$&'()-
10%$&'()-   10%$&'()-   10%$&'()-  T10%$&'()-  3T10%$&'()-qDw|[:bU410
'10%$&'()- & 10%$&'()- 9$#10%$&'()- Y"m10%$&'()-  f 410%$&'()-
t10%$&'()-)8m|[:bU410    810%$&'()- 6#10%$&'()-  y/ 10%"&'()-s - "10%$&'()-
+10%$&'()-   )10%$&'()-mvU410 9#10%$&'()- 9#10%$&'()- m10%$&'()-
%310%$&'()-10$10$10$   :10%$&'()-,78|[:-410l# &F1#10%l#&'()-
&F1#10%Y#&'()-  &f z#10%$&'()- &f z#10%$&'()- &f z#10%"&'()- 9#10%
&'()-89:IPbA410l#     310%$&'()-   10%$&'()-   10%$&'()- m10%$&'()-
&Y10%$&'()-10l#10l#&_ |[:A410l#   310%$&'()-   y10%$&'()-   &10%$&'()- 3
310%$&'()- S "10%$&'()-   s10%$&'()- ZD|[:A410l# &&$10%$&'()-  F"10%$&'()-
f f10%$&'()-   310%$&'()-   10%$&'()- &"10%$&'()-DvN#|[:A410l#   



f/10%$&'()- &- "10%$&'()- 3 +@10%$&'()-   )10%$&'()-   '10%$&'()-
&10%$&'()-#]vU410 Z10%#&'()- &10%#&'()-10$10$10$   :310%$&'()- 3 810%$&'()-
&6"10%$&'()->s|[:vU410  F 10%#&'()- F S10%#&'()- 3 310%#&'()- F  10%#&'()-
,M!10%#&'()- 3 10%#&'()-=p|[:vU410    )F10%#&'()- F '@10%#&'()- F
%10%#&'()- L$m"10%#&'()- F s10%#&'()- L!10%#&'()-pM|[:vU410  F 410%#&'()- F
310%#&'()-   31&10%#&'()- 3 S/Y10%#&'()- 9s-!10%#&'()- 3
+10%#&'()-&'()6=vU410 m10%$&'()- &310%$&'()-10#10#10# 3 :F10%#&'()- F
810%#&'()- 96!10%#&'()-=m C|[:vU410  F 310%$&'()- @!10%$&'()- F `10%$&'()-
10%$&'()- F 10%$&'()- F z10%$&'()-MY+Bu|[:vU410  3 f/ 10%$&'()- &-10%$&'()-
3 & 10%$&'()-s 9&$m"10%$&'()- 3 10%$&'()- 9"10%$&'()-uOp|[:-410$
:10%$&'()- F 810%$&'()- 96`!10%$&'()- F 5`10%$&'()- F &3`10%$&'()- 3 



F110%$&'()-bA410$  3 310%$&'()- S"10%$&'()- 3 10%$&'()- m10%$&'()- '
10%$&'()-10$10$3j|[:A410$   10%$&'()-   10%$&'()- 9 10%$&'()-   10%$&'()-
10%$&'()-   10%$&'()-2ju|[:A410$   f/310%$&'()- &-!10%$&'()-   &310%="&'()-
&&$S 10%$&'()-   F"310%$&'()-   f 10%$&'()-On |[NA41010$10$10$   :10%$&'()-
810%$&'()- &6 "10%$&'()-   510%$&'()-   &3l10%$&'()-#Y|[:NA41010 3
`310%$&'()- 3  S10%$&'()-   10%$&'()-   10%$&'()- m10%$&'()- `s'10%$&'()-0;
h|[:NA41010 &10%$&'()-   &10%$&'()-   10%$&'()- 10%$&'()- 3  f10%$&'()-
@!10%$&'()-oH}|[:NA41010   )S10%$&'()- 3 '@10%$&'()-  &410%$&'()-
9&$"10%$&'()-    10%$&'()-    10%b#&'()-&V|[:NA41010 3 5y10%$&'()- 3
310%$&'()-  31z10%$&'()-   S/10%$&'()- &s-10%$&'()-
+f10%$&'()-+abcdszvU410 @10%@&'()- &10%$&'()-10$10$10$   :10%$&'()- 3
810%$&'()- &6"10%$&'()-z6g9g|[:vU410    



10%$&'()-  10%$&'()- s10%$&'()-  Ft10%$&'()- f@ 10%$&'()-
10%$&'()-5l@x|[:vU410  -M!10%$&'()-  & 10%!&'()-  & 10%$&'()- &9$ 10%$&'()-
l"10%$&'()-     10%$&'()-xK|[:vU410    810%$&'()- 6"10%$&'()-   510%$&'()-
9310%$&'()-   Y110%$&'()-   y/10%$&'()-vU410 @"10%$&'()-   310%$&'()-
m10%$&'()- ,&10%$&'()-10$10$10$   :y10%$&'()-'T|[:vU410   10%$&'()-
&10%$&'()-   &10%$&'()-   10%$&'()-  10%$&'()- 3  @10%$&'()- U|[:vU410  &-
10%$&'()-   +10%$&'()-   )&10%$&'()-   'y10%$&'()-  &G10%$&'()-
&&$10%$&'()-.bcdet|obU410 &,10%$&'()-10$10$10$  :10%$&'()-  810%$&'()-
&6m"10%$&'()-   f/10%$&'()-t{"T|[:bU410  S10%$&'()- 3 s10%$&'()-
:10%$&'()-   Y10%$&'()- 3 10%$&'()- m10%$&'()-T%_$|[:bU410  Y":10%$&'()-
y 10%$&'()-   10%$&'()-   10%$&'()- 9"10%$&'()-   3310%$&'()-$Z4e|[:bU410



&310%$&'()-   F1 10%$&'()-  y/10%$&'()- &-S10%$&'()-  &410%$&'()- 99$-
10%$&'()-:n|obU410 f&f10%$&'()-10$10$10$   :y10%$&'()- 3 8 10%$&'()- &6
10%$&'()-   5s10%$&'()-I||[:bU410    10%$&'()-   &,10%$&'()- 310%$&'()-
f310%$&'()-  `10%$&'()- ym10%$&'()-|([|[:bU410    Y"10%$&'()- f  10%$&'()-
10%$&'()-   10%$&'()- !10%$&'()-  10%$&'()-<s|[:bU410    &3`10%$&'()-
Y1f10%$&'()-  y/10%$&'()- -"10%$&'()-   &10%$&'()- 9$ 10%$&'()-s;
<=>M|obU410 @&10%$&'()-10$10$10$   :10%$&'()-   8y10%$&'()- &6Z"10%$&'()-
510%$&'()-MT'^|[:bU410  &4#10%"&'()-E . F10%$&'()- "10%G"&'()-
o"10%I!I&'()- $ 10%$&'()- Z10%$&'()-)bC w|[:bU410  &/-#10%Y#&'()-`
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