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(57) ABSTRACT

The present invention discloses a switching driving method
used for a driving system. The driving system transforms any
type of waveforms to switching signal array by switching
strategy modulation, and transmits to switching circuit. Any
type of driving waveforms can be generated through high-
speed switching the switching circuit. The waveforms can be
generated by operating the switching circuit with the switch-
ing strategy. The losses of the switch can be reduced, and the
modulation ability of driving signal having several wave-
forms and multi-channels can be improved.
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1
SWITCHING DRIVING METHOD USED FOR
A DRIVING SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the [nvention

The present invention relates to a switching driving method
used for a driving system, and particularly to a switching
driving method for generating any type of driving waveforms
through high-speed switching the switching circuit.

2. Description of the Prior Art

With the development of semiconductor technology and
materials science, the industrial printing technology has
become one of important research and development points of
advanced process technology gradually, such as the three-
dimensional solid ink printer, printed circuit board design
inkjet printer, thin film transistor inkjet printer, solar cell
electrode making, and biomedical chip enzyme printing pro-
cess etc.

As described by the design principle, the digital/analog
converter and a matched amplifier are usually adopted for the
design and realization way of inkjet print head driving signal
generator. However, better linear result can be achieved by
this kind of way through the amplifier or driving the inte-
grated circuit, but high temperature and waste heat are apt to
be produced by operating under high-frequency environment
for a long time. Upon using in variable applications, perhaps
one or several driving signals are required to achieve the
function for several sets of loading at the same time. Not only
the additional heat dissipation system or the temperature
reducing device is required, but also the volume is large and
unit price is high. These factors are the difficulty and chal-
lenge encountered for realizing the multi-channel load driv-
ing circuit.

Referring to U.S. Pat. No. 7,891,752, it discloses an inkjet
device and its correlation method. This technology uses the
digital/analog converter to detect the voltage through the
driving signal generated by the driving unit, and conduct the
voltage feedback modulation control of ink drop size through
the image recognition unit. In addition, referring to U.S. Pat.
No. 6,499,820, it discloses a device to store the waveforms in
a register, and switches the selected waveforms through the
waveforms selection unit. These waveforms are transformed
to the driving waveforms through the digital/analog converter
and signal amplifier, in order to drive the inkjet print head.

In order to get better linearity of driving signal, the con-
ventional industrial inkjet print head often uses small signal
with high-voltage amplifier or directly uses the driving inte-
grated circuit as the signal generation unit. Although there is
better linearity for this kind of driving design, it is unable to
offer the independent driving signal to each channel indepen-
dently.

Therefore, how to improve the precision and homogeneity
of inkjet process has become an important issue of industrial
printing technology.

SUMMARY OF THE INVENTION

In as much as the above-mentioned drawbacks of the pre-
vious art, the present invention provides a switching driving
method used for a driving system. The driving system com-
pensates the variance among the nozzles of inkjet print head
by a waveforms modulation way with high resolution and
degree of freedom, in order to improve the precision and
homogeneity of inkjet process.
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The present invention adopts a switching circuit with the
switching strategy to change the driving way of the switching
circuit, in order to generate any type of driving waveforms to
reduce the losses of switch.

The present invention provides a switching driving method
used for a driving system. The driving system comprises a
control unit, a switching strategy demodulation unit, a
memory unit, a shifting unit and a counting unit. Wherein, the
control unit is connected to the memory unit. The switching
strategy demodulation unit is connected between the control
unit and the memory unit. The memory unit is connected to
the shifting unit. The shifting unit is connected to the control
unit and the memory unit. The steps of switching driving
method include: (a) The control unit receives a driving signal
with the driving waveforms, and cuts the driving signal into n
sections; (b) The control unit resolves a driving voltage of the
driving signal into 2" switches, in order to switch 2” times
within a pre-described time period; (c) The switching strategy
demodulation unit transforms the driving waveforms into the
switching signal in accordance with the driving voltage of the
driving signal, and the switching signals form a switching
signal array; (d) Store the switching signal in the memory
unit; (¢) The shifting unit duplicates the switching signal of
the memory unit, begins to broadcast the switching signal to
a driving unit; (f) When the shift times of shifting unit is
accumulated to 2” times, the counting unit transmits a termi-
nation command to the control unit; and (g) After receiving
the termination command, the control unit carries on the
adjustment in accordance with the demand.

In the switching driving method of the present invention,
when the shift times of shifting unitis reached 2” times, a time
of inkjet print head driving waveforms is generated by the
driving system.

In the switching driving method of the present invention,
the control unit divides a driving waveform into a plurality of
sections, and transmits a state broadcast command to the
shifting unit, and the control unit receives a termination com-
mand and a switching state upgrade signal from the counting
unit. The memory unit remembers the switching state
upgrade signal transmitted by the control unit, and upgrades
the switching signal in accordance with the counting unit.

In the switching driving method of the present invention,
the shifting unit receives the content of memory unit, and
conducts the shifting motion of length in accordance with the
length of memory unit. The counting unit checks the shifting
times of shifting unit in accordance with the length of
memory unit. When the shifting unit makes a specific number
of shifting times, the counting unit transmits the switching
state upgrade signal to the control unit.

In the switching driving method of the present invention,
the control unit includes one of the fuzzy, proportional,
derivative, integral, back-propagation network or neural net-
work controller. The control unit cuts the driving signal into n
sections to generate a cutting information, and the cutting
information is transmitted to the switching strategy demodu-
lation unit.

In the switching driving method of the present invention,
the switching strategy demodulation unit demodulates the
switching duty cycle for each wave band of the driving wave-
forms, and arranges them into the switching signal by random
operation way and stores them in the memory unit. The
switching strategy demodulation unit is composed by one of
the neural network controller, transmittal network controller,
proportional controller, fuzzy controller, or random control-
ler.

In the switching driving method of the present invention,
the driving system further comprises: Execute the initializa-
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tion setup, in order to set up any type of driving waveforms, or
receive any type of waveforms information set up at outside.
Execute the transformation procedure, in order to transform
the driving waveforms into the switching signal. Upon
executing the transformation procedure, the memory unit
reads the driving waveforms, the control unit conducts the
transformation procedure of the switching signal, and writes
the result into the memory unit.

Comparing to the prior art, in the switching driving method
of the present invention, the driving system transforms any
type of driving waveforms to switching signal array by
switching strategy modulation, and transmits to switching
circuit. Any type of driving waveforms can be generated
through high-speed switching the switching circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advan-
tages of this invention will become more readily appreciated
as the same becomes better understood by reference to the
following detailed description, when taken in conjunction
with the accompanying drawings, wherein:

FIG. 1 shows a driving system in accordance of a preferred
embodiment of the invention;

FIG. 2 a switching driving method in accordance of a
preferred embodiment of the invention;

FIG. 3 shows the driving waveforms after setting by the
user in a preferred embodiment of the invention;

FIG. 4, which shows the switching signal in accordance
with a pre-described time period of FIG. 3; and

FIG. 5 shows a voltage-time diagram in accordance of a
preferred embodiment of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The Figures and the flow diagrams in the embodiment of
the present invention are simplified illustrations. The Figures
only show the devices and method related to the present
invention. The devices and method are not the state at actual
implementation. The method and number of devices, shape
and ratio are alternative design at actual implementation, and
the disposition type of devices may be more complicated.

Please refer to FIG. 1, which shows a driving system in
accordance of a preferred embodiment of the invention.
Meantime, please refer to FIG. 2, which shows a switching
driving method in accordance of a preferred embodiment of
the invention.

As shown in FIG. 1, the driving system 100 of inkjet device
comprises a control unit 102, a switching strategy demodu-
lation unit 104, a memory unit 106, a shifting unit 108, a
counting unit 110, a driving unit 112 and a sensing unit 114.
Wherein, the control unit 102 is connected to the memory unit
106. The switching strategy demodulation unit 104 is con-
nected between the control unit 102 and the memory unit 106.
The memory unit 106 is connected to the shifting unit 108.
The shifting unit 108 is connected to the control unit 102 and
the memory unit 106.

As shown in FIG. 1, the user transmits the setup informa-
tion of the driving waveforms to the control unit 102 through
a user interface (not shown in Figure). The control unit 102
receives the driving signal S1, wherein the driving signal S1
possesses the driving waveforms, as shown in FIG. 3.

FIG. 3 shows the driving waveforms after setting by the
user in a preferred embodiment of the invention, which shows
that a driving waveforms is cut into tl~tn sections. The
switching strategy demodulation unit 104 transforms the
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driving waveforms to a switching state (that is the switching
signal S5). The memory unit 106 remembers the switching
state upgrade signal S4 transmitted by the control unit 102,
and upgrades the switching state in accordance with the
counting unit 110.

As shown in FIG. 1, the shifting unit 108 receives the
content of memory unit 106, and conducts the shifting motion
of length (n bit) in accordance with the length (n bit) of
memory unit 106.

As shown in FIG. 1, the counting unit 110 checks the
shifting times of shifting unit 108 in accordance with the
length (n bit) of memory unit 106. When the shifting unit 108
makes n shifting times, the counting unit 108 transmits the
switching state upgrade signal S4 to the control unit 102.

Please refer to FIG. 2. In Step 202, the control unit 102
divides a driving waveform into n sections (including 1~n
sections). The control unit 102 transmits a state broadcast
command S2 to the shifting unit 108. The control unit 102
receives the termination command S3 of the counting unit
110.

As shown in FIG. 1, the control unit 102 receives the
switching state upgrade signal S4, transmits the switching
state upgrade signal S4 to the memory unit 106, and upgrades
the switching signal S5 in accordance with the counting unit
110. As shown in FIG. 1 of the present invention, the control
unit 102 comprises one of the fuzzy controller, proportional,
derivative, integral controller, back-propagation network, or
neural network controller.

As shown in Step 204 of FIG. 2, the control unit 102
resolves the maximum inkjet driving voltage of the driving
signal S1 into 2" switches, in order to switch 2” times within
a pre-described time period t1. Please refer to FIG. 4, which
shows the switching signal in accordance with a pre-de-
scribed time period of FIG. 3. In addition, the control unit 102
cuts the driving signal into n sections to generate a cutting
information, and the cutting information is transmitted to the
switching strategy demodulation unit 104.

As shown in Step 206 of FIG. 2, the switching strategy
demodulation unit 104 transforms the driving waveforms into
a switching signal in accordance with the driving voltage of
the driving signal S1. As shown in FIG. 4, the switching
signals form a switching signal array.

Please refer to FIG. 5, which shows a voltage-time diagram
in accordance of a preferred embodiment of the invention.
The switching strategy demodulation unit 104 demodulates
the switching duty cycle for each wave band of the driving
waveforms, and arranges them into the switching signal S5 by
random operation way and stores them in the memory unit
106. It has to describe that the switching strategy demodula-
tion unit 104 is composed by one of the neural network
controller, transmittal network controller, proportional con-
troller, fuzzy controller, or random controller.

As for a, b, al, bl, a2, b2 sections shown in FIG. 5, the
maximum driving voltage can be obtained at 100% of switch-
ing duty cycle. When the driving voltage wants to output 40%
of driving voltage, the switching control can be conducted
through the switching strategy of a, b, al, b1 etc. Due to the
switching duty cycle of a, b, al, b1 and so on is 40%, the
average output voltage will be 40% of driving voltage. Except
40% of driving voltage can be switched from the above-
mentioned four combinations, there are 2”-1 combinations.
In limited combinations of switching strategy, the switching
state can be obtained by random combination.

The duty cycle of switching signal at a2 section shown in
FIG. 5 is 20%+10%. The average output voltage is 30% of
driving voltage at a2, which is not equivalent to the target
voltage in 40% of driving voltage. The time switching signal
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1s 10%+60%, which is not equivalent to 70% of driving volt-
age required by target voltage. The average voltage ofa2 and
b2 is (0.4*driving voltage+0.6*driving voltage)/2=0.5*driv-
ing voltage. The switching duty cycle of a2 and b2 is ((30+
70)%)/2=50%. Thus, 50% of driving voltage can be provided.
After the switching duty cycle of wave band is known, the
switching state can be obtained through random combination.

As shown in Step 208 of FIG. 2, the switching signal S5 is
stored in the memory unit 106. It has to describe that the
switching signal S5 of the present invention is the switching
state. In this embodiment, the memory unit 106 is used to
store the driving waveforms, the switching signal, read the
waveforms state, and read the switching signal.

As shown in Step 210 of FIG. 2, the shifting unit 108
duplicates the switching signal S5 (that is the switching state)
of the memory unit 106, and starts to broadcast the switching
signal S5 to the driving unit 112.

As shown in Step 212 of FIG. 2, when the shift times of
shifting unit 108 is accumulated to 2” times by the counting
unit 110, the counting unit 110 transmits a termination com-
mand S3 to the control unit 102. It has to describe that when
the shift times of shifting unit 110 is reached 2" times, a time
of inkjet print head driving waveforms is generated by the
driving system 100.

As shown in Step 214 of FIG. 2, after the control unit 102
receives the state termination command S3, it will be adjusted
in accordance with the state of inkjet print quality or the
demand of user.

Please refer to FIG. 3, the shifting unit 108 receives the
content of memory unit 106, and conducts the shifting motion
oflength in accordance with the length (n bit) of memory unit
106. The counting unit 110 checks the shifting times of shift-
ing unit 108 in accordance with the length (n bit) of memory
unit 106. When the shifting unit 108 makes a specific number
of shifting times, the counting unit 108 transmits the switch-
ing state upgrade signal S4 to the control unit 102.

As shown in FIG. 1, the switching driving method of the
present invention further comprises executing the initializa-
tion setup, in order to set up any type of driving waveforms, or
receive any type of waveforms information set up at outside.
Execute the transformation procedure, in order to transform
the driving waveforms into the switching signal S5. Upon
executing the transformation procedure, the memory unit 106
reads the driving waveforms, the control unit 102 conducts
the transformation procedure of the switching signal S5, and
writes the result into the memory unit 106. The total harmonic
distortion, signal noise ratio, frequency response, and spec-
trum parameter of the driving signal are fed back and cor-
rected for improving the driving waveforms. The switching
state is changed in accordance with a parameter of a sensing
unit. The switching state is changed in accordance with the
total harmonic distortion of the driving waveforms. The
switching state is changed in accordance with the driving
state of a loading unit. The switching state is changed in
accordance with a parameter of a sensing unit.

As shown in FIG. 1, it has to describe that the minimum
voltage value of the driving signal S1 determines the switch-
ing times of the switching signal S5 within minimum charg-
ing, discharging time. In addition, the charging effect or dis-
charging effect of minimum voltage value is composed by a
limited resolution within minimum charging time.

As shown in FIG. 1, the sensing unit 114 of this embodi-
ment comprises the charge coupling device, the digital/ana-
log converter, or the digital signal processing device.

It is understood that various other modifications will be
apparent to and can be readily made by those skilled in the art
without departing from the scope and spirit of this invention.

20

25

40

45

55

60

65

6

Accordingly, it is not intended that the scope of the claims
appended hereto be limited to the description as set forth
herein, but rather that the claims be construed as encompass-
ing all the features of patentable novelty that reside in the
present invention, including all features that would be treated
as equivalents thereof by those skilled in the art to which this
invention pertains.

What is claimed is:

1. A switching driving method used for a driving system,
the driving system comprises a control unit, a switching strat-
egy demodulation unit, a memory unit, a shifting unit and a
counting unit, wherein the control unit being connected to the
memory unit, the switching strategy demodulation unit being
connected between the control unit and the memory unit, the
memory unit being connected to the shifting unit, the shifting
unit being connected to the control unit and the memory unit,
the steps of switching driving method, comprising:

the control unit means for receiving a driving signal having

adriving waveform, and cutting the driving signal into n
sections;

the control unit means for resolving a driving voltage of the

driving signal into 2 switches in order to switch 2” times
within a pre-described time period;

the switching strategy demodulation unit means for trans-

forming the driving waveform into the switching signal
in accordance with the driving voltage of the driving
signal, and the switching signals forming a switching
signal array;

storing the switching signal in the memory unit;

the shifting unit means for duplicating the switching signal

of the memory unit, beginning to broadcast the switch-
ing signal to a driving unit;

when the shift times of shifting unit being accumulated to

2”7 times, the counting unit transmitting a termination
command to the control unit; and

after receiving the termination command, the control unit

carries out on adjustment in accordance with a demand.

2. The method according to claim 1, wherein when the shift
times of shifting unit is reached to 2" times, a time of inkjet
print head driving waveform is generated by the driving sys-
tem.

3. The method according to claim 1, wherein the shifting
unit receives the content of memory unit, and conducts the
shifting motion of length in accordance with the length of
memory unit, the counting unit checks the shifting times of
shifting unit in accordance with the length of memory unit,
when the shifting unit makes a specific number of shifting
times, the counting unit transmits the switching state upgrade
signal to the control unit.

4. The method according to claim 1, wherein the control
unit is selected from the group consisting of fuzzy, propor-
tional, derivative, integral, back-propagation network or neu-
ral network controller.

5. The method according to claim 1, wherein the control
unit cuts the driving signal into n sections to generate a cutting
information, and the cutting information is transmitted to the
switching strategy demodulation unit.

6. The method according to claim 1, wherein the memory
unit 106 is used to store the driving waveforms, the switching
signal, read the waveforms state, and read the switching sig-
nal.

7. The method according to claim 1, wherein the control
unit divides a driving waveform into a plurality of sections,
and transmits a state broadcast command to the shifting unit,
and the control unit receives a termination command and a
switching state upgrade signal from the counting unit.
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8. The method according to claim 7, wherein the memory
unit remembers the switching state upgrade signal transmit-
ted by the control unit, and upgrades the switching signal in
accordance with the counting unit.

9. The method according to claim 1, wherein the switching
strategy demodulation unit demodulates the switching duty
cycle for each wave band of the driving waveforms, and
arranges into the switching signal by random operation way
and stores in the memory unit.

10. The method according to claim 9, wherein the switch-
ing strategy demodulation unit is composed by one of the
neural network controller, transmittal network controller,
proportional controller, fuzzy controller, or random control-
ler.

11. The method according to claim 1, further comprising:

executing the initialization setup in order to set up any type

of driving waveforms, or receive any type of waveforms
information set up at outside;

executing the transformation procedure in order to trans-

form the driving waveforms into the switching signal,
upon executing the transformation procedure, the
memory unit reads the driving waveforms, the control
unit conducts the transformation procedure of the
switching signal, and writes the result into the memory
unit.

12. The method according to claim 11, further comprises
the total harmonic distortion, signal noise ratio, frequency
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response, and spectrum parameter of the driving signal are
fed back and corrected for improving the driving waveforms.

13. The method according to claim 11, further comprises
the switching state is changed in accordance with a parameter
of a sensing unit.

14. The method according to claim 11, further comprises
the switching state is changed in accordance with the total
harmonic distortion of the driving waveforms.

15. The method according to claim 11, further comprises
the switching state is changed in accordance with the driving
state of a loading unit.

16. The method according to claim 11, wherein the mini-
mum voltage value of the driving signal determines the
switching times of the switching signal within minimum
charging, discharging time.

17. The method according to claim 16, wherein the charg-
ing effect of minimum voltage value is composed by a limited
resolution within minimum charging time.

18. The method according to claim 16, wherein the dis-
charging effect of minimum voltage value is composed by a
limited resolution within minimum charging time.

19. The method according to claim 11, further comprises
the switching state is changed in accordance with a parameter
of a sensing unit.

20. The method according to claim 19, wherein the sensing
unit comprises the charge coupling device, the digital/analog
converter, or the digital signal processing device.
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