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A driving circuit for driving a display apparatus and a method for the same.

@ A method for driving a display apparatus is
provided which apparatus includes a display
section having pixels and switching elements
respectively connected to the pixels, and also
includes a data driver for driving the display
section, and data lines connecting the switch-
ing elements to the data driver, the pixels being
allowed to produce a display image by specific
voltages applied thereto. The method includes
the steps of : allowing the data driver to output
a non-oscillating voltage signal to each of the
data lines during a predetermined time period
from the start of one output period ; and allow-
ing the data driver to output an oscillating
voltage signal to each of the data lines from the
end of the predetermined time period until the
end of the output period, the oscillating voltage
signal including at least one oscillating compo-
nent.
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BACKGROUND OF THE INVENTION

1. Field of the Invention:

The present invention relates to a method for
driving a flat panel display apparatus, and also relates
to a driving circuit for the display apparatus. More par-
ticularly, the invention relates to a method for driving
a display apparatus which receives a digital image
signal to produce a display image with gray scales in
accordance with the received digital image signals,
and it also relates to a driving circuit for such a display
apparatus.

2. Description of the Related Art:

Figure 1 shows a data driver exemplifying a con-
ventional driving circuit for driving a display apparatus
which receives digital image data to produce a display
image with gray scales in accordance with the re-
ceived data. For simplicity of explanation, it is herein
assumed that the digital image data consists of two
bits (Dg, D). This data driver supplies driving voltages
to N pixels (where N is a positive integer) on a scan-
ning line which has been selected by means of a scan-
ning signal.

Figure 2 shows a circuit constituting part of the
data driver of Figure 1. This circuit, which is denoted
by the reference numeral 20, supplies a driving vol-
tage through a data line to the "n"th pixel (where n is
an integer of 1 to N) of the above-mentioned N pixels
provided along the single scanning line. The circuit 20
includes sampling (primary) flip-flops 21 each for re-
ceiving one bit of the digital image data (Dy, D4), hold-
ing (secondary) flip-flops 22 each also for receiving
one bit, a decoder 23 and four analog switches 24 to
27. To the analog switches 24 to 27, signal voltages
V, to V3 are respectively supplied from four different
voltage sources. As the sampling flip-flops 21, D flip-
flops or various other flip-flops can be used.

The circuit 20 shown in Figure 2 operates as fol-
lows. On receiving the leading edge of a sampling
pulse Tgypn corresponding to the "n"th pixel, the sam-
pling flip-flops 21 obtain the digital image data (D,
D,) and hold the thus obtained data therein. When
such image data sampling for the 1st to Nth pixels on
a single scanning line is completed (i.e., sampling cor-
responding to one horizontal period is completed), an
output pulse OE is applied to the holding flip-flops 22.
On receiving the output pulse OE, the holding flip-
flops 22 obtain the digital image data (Dy, D) from
the sampling flip-flops 21, and transfer the thus ob-
tained digital image data to the decoder 23. The de-
coder 23 decodes each bit of the digital image data
(Dg, D4), and turns on one of the analog switches 24
to 27 in accordance with the respective values of the
thus decoded bits. As a result, one of the signal vol-
tages V, to V3 from the four different voltage sources,
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which corresponds to the thus turned-on analog
switch 24, 25, 26 or 27, is output from the circuit 20.

A conventional data driver such as described
above requires 2n different voltage sources (where n
is the number of bits constituting digital image data).
In other words, the number of required voltage sourc-
es doubles when the digital image data is enlarged by
one bit. For example, in the case where the digital im-
age data consists of 4 bits for the generation of a dis-
play image with 16 gray scales, the number of re-
quired voltage sources is: 24 = 16. Similarly, in the
case where the digital image data consists of 5 bits
for the generation of a 32-gray-scale display image,
the number of required voltage sources is: 25=32. In
the case of 6-bit digital image data for the generation
of a 64-gray-scale display image, the number of re-
quired voltage sources is: 26 = 64,

Such voltage sources are connected through the
analog switches of the data driver to a display appa-
ratus, e.g., a liquid crystal panel, which provides a
heavy load on the voltage sources. Thus, each vol-
tage source is required to have a sufficient perfor-
mance to drive such a heavy load. The increase in the
number of such high-performance voltage sources is
a significant factor in the higher production cost of the
entire driving circuit. Furthermore, since high-
performance voltage sources cannot readily be
placed within the LSI circuit constituting the driving
circuit, they must be located outside the LSI circuit.
This means that signal voltages for driving the liquid
crystal panel must be supplied from external voltage
sources to the LSl circuit. As aresult, with an increase
in the number of voltage sources, the number of input
terminals of the LSI circuit must be increased accord-
ingly. It is extremely difficult to produce an LSl circuit
having such a large number of input terminals. Even
if it is possible to make such an LSI circuit, mounting
or manufacturing problems arise in the mass produc-
tion thereof; it is practically impossible to mass-
produce such LSI circuits.

To solve the above-described problem, an oscil-
lating voltage driving method and a driving circuit us-
ing this method have been proposed by Japanese
Patent Application No. 4-129164, which has not been
published. In the proposed method and driving circuit,
external voltage sources are provided to supply gray-
scale reference voltages which are used to further
obtain a plurality of interpolated voltages, so that gray
scales can be obtained using both the gray-scale ref-
erence voltages and the interpolated voltages. Thus,
the number of gray scales which can be obtained is
larger than that of the voltage sources in the driving
circuit. Several types of data driver using this oscillat-
ing voltage driving method have been put into practi-
cal use.

Figure 3 shows a circuit 30 constituting part of a
data driver exemplifying the proposed driving circuit
using the above-described oscillating voltage driving
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method. In the circuit 30, four interpolated voltages
(Vot2V,)/3, (2Va+V5)/3, (Vo+2Vs)/3 and (2Vs+V7)/3
can be obtained from four gray-scale reference vol-
tages Vy, V,, Vs and V7 which are supplied from ex-
ternal voltage sources. From the four gray-scale ref-
erence voltages and the four resultant interpolated
voltages, eight gray scales are obtained. Thus, the
provision of only four voltage sources for supplying
gray-scale reference voltages makes it possible to ob-
tain eight gray scales.

Figure 4 shows, by way of example, the wave-
form of a signal voltage V, which is output to a data
line from the circuit 30 of Figure 3, and the waveform
of a signal voltage Vcom applied across a common
electrode (not shown) of a liquid crystal panel which
is driven by this conventional data driver in accor-
dance with a known alternating driving method. It is
assumed in Figure 4 that the entire driving circuit op-
erates under the ideal condition of no load. The signal
voltage V, is one of the four interpolated voltages de-
scribed above, which is produced from the gray-scale
reference voltages V, and V, in the case where the
value of the digital image data is 1. Voltages V" and
V,~ indicate voltages applied to a pixel in a positive
period (field) and in a negative period (field), respec-
tively. The waveforms of the gray-scale reference
voltages V, and V, are shown in Figure 5, for compar-
ison with the signal voltage (interpolated voltage) V.
As shown in Figure 4, the signal voltage V, periodical-
ly oscillates between the two gray-scale reference
voltages V, and V; in such a manner that the ratio of
the total time for Vg to that for V, in one output period
is 1:2. Avoltage such as this signal voltage V,, which
periodically oscillates between two different voltag-
es, is known as an oscillating voltage.

This conventional data driver operates in accor-
dance with a so-called "line inversion method" in
which the polarity of signal voltages is changed from
positive to negative or vice versa at the beginning of
each horizontal period, thereby preventing the dete-
rioration of the liquid crystal device. One output per-
iod is usually set equal to one horizontal period.

Figure 6 shows a power supply circuit 60 for sup-
plying the above-mentioned gray-scale reference vol-
tages Vg and V, to the data driver. The power supply
circuit 60 includes operational amplifiers 61 and 62.
The oscillating voltage V, in Figure 4 can be obtained
by allowing the power supply circuit 60 to alternately
output the two gray-scale reference voltages V, and
V, during one output period.

In the above-described conventional data driver
using the oscillating voltage driving method, a plural-
ity of interpolated voltages are obtained from the
gray-scale reference voltages, so that alarge number
of gray scales can be obtained by the use of a limited
number of voltage sources. This conventional data
driver, however, involves such problems as will be de-
scribed below.

10

15

20

25

30

35

40

45

50

55

Figure 7 shows an equivalent circuit of a data line
which is connected to the data driver and accordingly
provides a load on it. In a data line actually used, ca-
pacitance and resistance exist as distributed con-
stants. On the other hand, with a data line considered
as a load, such capacitance and resistance can be
considered simply as concentrated constants Rg and
Cs. For example, the concentrated constants Rg and
Cs may be set to 50 kQ and 100 pF, respectively.

A single data line such as described above pro-
vides only a light load. But the number of the data
lines used in a liquid crystal panel is so large that the
total load provided by the data lines becomes signif-
icant. For example, in a VGA-compatible liquid crystal
panel, the number of its data lines is: 640 x 3 = 1920.
If all the values of digital image data corresponding
to a single horizontal (scanning) line are 1, 1920 cir-
cuits identical to the circuit 30 of Figure 3 output os-
cillating voltages V, to the 1920 data lines respective-
ly connected thereto. Due to the application of the os-
cillating voltage V, to all the 1920 data lines, 1920
such equivalent circuits as shown in Figure 7 function
together as a load on the power supply circuit 60 of
Figure 6. In this case, if the sum of the absolute val-
ues of potential differences V,"and V,~ each between
the oscillating voltage V, and the voltage Vcoum ap-
plied to a common electrode shown in Figure 4 is 10
V, the maximum current flowing through the power
supply circuit 60 is: (10 V/50 kQ2) x 1920 = 400 (mA).
Such a high-scale current flows through the power
supply circuit 60 immediately after the voltage polar-
ity has been reversed, i.e., at the beginning of one
output period. Thus, the entire driving circuit is in a
transient state in the initial part of one output period.
In such a transient state, when the output voltage
from the power supply circuit 60 is switched from one
gray-scale reference voltage to another (e.g., from V,
to V,) and vice versa at a high speed to obtain an os-
cillating voltage (e.g., V), parasitic oscillation is very
likely to arise in the power supply circuit 60 due to the
high-scale current flowing therethrough. As a result,
the operation of the power supply circuit 60 is prone
to be unstable.

Figure 8 shows an example of the waveform of
the gray-scale reference voltage V, supplied from the
power supply circuit 60 in which parasitic oscillation
has occurred. This unnecessary parasitic oscillation
causes problems such as an increase in power con-
sumption and generation of heat in the power supply
circuit 60.

A possible way to prevent such parasitic oscilla-
tion is to decrease the slewing rates of the operation-
al amplifiers 61 and 62 of the power supply circuit 60.
The decrease in the slewing rates, however, deterior-
ates the characteristics of the entire driving circuit,
such as its current response characteristics or rise
time.
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SUMMARY OF THE INVENTION

According to one aspect of the invention, a meth-
od for driving a display apparatus which includes a
display section including pixels and switching ele-
ments respectively connected to the pixels, and also
includes a driving circuit for driving the display sec-
tion, and signal lines connecting the switching ele-
ments to the driving circuit, the pixels being allowed
to produce a display image by specific voltages ap-
plied thereto is provided. The method includes the
steps of: allowing the driving circuit to output a non-
oscillating voltage signal to each of the signal lines for
a predetermined time period from the start of one out-
put period; and allowing the driving circuit to output an
oscillating voltage signal to each of the signal lines
from the end of the predetermined time period until
the end of the output period, the oscillating voltage
signal including at least one oscillating component.

In one embodiment of the invention, the prede-
termined time period includes a period of time during
which the driving circuit remains in a transient state,
the transient state of the driving circuit arising at the
start of the output period.

In another embodiment of the invention, the os-
cillating voltage signal periodically oscillates be-
tween a first voltage and a second voltage.

According to another aspect of the invention, a
driving circuit for a display apparatus which includes
a display section including pixels and switching ele-
ments respectively connected to the pixels, and also
includes signal lines connected to the switching ele-
ments, the pixels being allowed to produce a display
image by specific voltages applied thereto is provid-
ed. The driving circuit includes: a voltage signal output
control means for outputting a non-oscillating voltage
signal to each of the signal lines for a predetermined
time period from the start of one output period, and
then outputting an oscillating voltage signal to each
of the signal lines from end of the predetermined time
period until the end of the output period, the oscillat-
ing voltage signal including at least one oscillating
component.

In one embodiment of the invention, the prede-
termined time period includes a period of time during
which the driving circuit remains in a transient state,
the transient state of the driving circuit arising at the
start of the output period.

In another embodiment of the invention, the os-
cillating voltage signal periodically oscillates be-
tween a first voltage and a second voltage.

In still another embodiment of the invention, the
voltage signal output control means includes: a plur-
ality of switching means; and a selective control cir-
cuit for receiving digital image data and then turning
on or off the switching means individually to control
the on/off state thereof in accordance with the re-
ceived digital image data, and wherein the switching
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means allow, only when they are turned on, different
voltage signals respectively supplied thereto to be
delivered to each of the signal lines, and the selective
control circuit turns on one of the switching means to
keep the switching means in the on state during the
predetermined time period, and then controls the
on/off state of atleast one pair of the switching means
to alternately turning them on from the end of the pre-
determined time period until the end of the output
period.

Thus, the invention described herein makes pos-
sible the advantages of (1) providing a method for
driving a display apparatus, which method enables
rapid switching of gray-scale reference voltages,
without causing any parasitic oscillation in a power
supply circuit, and also without any deterioration in
the characteristics of a driving circuit, such as its cur-
rentresponse characteristics orrise time; and (2) pro-
viding a driving circuit which drives a display appara-
tus in accordance with such a method.

These and other advantages of the present in-
vention will become apparent to those skilled in the
art upon reading and understanding the following de-
tailed description with reference to the accompany-
ing figures.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic diagram showing the cir-
cuit of a conventional data driver.

Figure 2 is a schematic diagram showing a circuit
which constitutes part of the conventional data driver
of Figure 1.

Figure 3 is a schematic diagram showing a circuit
which constitutes part of another conventional data
driver.

Figure 4 shows the waveform of a signal voltage
applied to a data line from the circuit 30 of Figure 3,
and the waveform of a voltage applied to a common
electrode.

Figure 5 shows the waveforms of gray-scale ref-
erence voltages Vy and V5.

Figure 6 is a schematic diagram showing a power
supply circuit 60 for supplying the gray-scale refer-
ence voltages Vy and V.

Figure 7 is a schematic diagram showing an
equivalent circuit of a data line which provides a load
on a data driver.

Figure 8 shows the waveform of a gray-scale ref-
erence voltage V supplied from a power supply cir-
cuit in which parasitic oscillation has occurred.

Figure 9 is a schematic diagram showing a liquid
crystal display apparatus to be driven by a method
and a driving circuit according to the invention.

Figure 10 is a timing chart showing the relation-
ship among signals during one horizontal period.

Figure 11 is a timing chart showing the relation-
ship among signals during one vertical period.



7 EP 0 599 622 A1 8

Figure 12 is a schematic diagram showing a cir-
cuit which constitutes part of a data driver 92 shown
in Figure 9.

Figure 13 shows the waveforms of an output
pulse signal OE and signals t, c and t'.

Figure 14 shows the waveform of a signal voltage
which is output to a data line 96 from the circuit of Fig-
ure 12.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The invention will now be further described by
reference to examples. A matrix-type liquid crystal
display apparatus is herein used as a display appa-
ratus to be driven by a method and a driving circuit ac-
cording to the invention. But it is understood that the
method and driving circuit of the invention can also be
applied to other types of display apparatus.

Figure 9 is a schematic diagram showing the con-
figuration of a matrix-type liquid crystal display appa-
ratus to be driven by a method and a driving circuit ac-
cording to the invention. The liquid crystal display ap-
paratus includes a display section 90 for displaying
an image thereon, and a driving circuit 91 for driving
the display section 90. The driving circuit 91 includes
a data driver 92 and a scanning driver 93 which pro-
vide image signals and scanning signals, respective-
ly, to the display section 90. The data driver is also
sometimes referred to as a source driver or column
driver. The scanning driver is also sometimes refer-
red to as a gate driver or row driver.

The display section 90 includes an M x N array
of pixels 94 (M pixels in each column and N pixels in
each row; where M and N are positive integers), and
also includes switching elements 95 respectively con-
nected to the pixels 94.

The data driver 92 is provided with N output ter-
minals S(i) (where i is an integer of 1 to N) each of
which corresponds to one of the N columns of M
switching elements 95. The N output terminals S(i)
are respectively connected to the corresponding
switching elements 95 by means of N data lines 96.
Similarly, the scanning driver 93 is provided with M
output terminals G(j) (where j is an integer of 1 to M)
each of which corresponds to one of the M rows of N
switching elements 95. The M output terminals G(j)
are respectively connected to the corresponding
switching elements 95 by means of M scanning lines
97. As the switching elements 95, thin film transistors
(TFTs) can be used. Alternatively, other types of
switching elements may also be used. The data line
is also sometimes referred to as a source line or col-
umn line. The scanning line is also sometimes refer-
red to as a gate line or row line.

The scanning driver 93 outputs high-scale voltag-
es sequentially from its output terminals G(j) to the
corresponding scanning lines 97, in such a manner
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that the level of the voltage output from each output
terminal G(j) is kept at a high level for a specific per-
iod of time. This specific time period is designated as
one horizontal period jH (where j is an integer of 1 to
M). The total length of time obtained by adding up all
the horizontal periods jH (i.e., 1TH + 2H + 3H + ... +
MH) is designated as one vertical period.

When the voltage applied to one of the scanning
lines 97 (i.e., the "j"th scanning line) from the output
terminal G(j) of the scanning driver 93 is changed
from a low level to a high level, the switching ele-
ments 95 connected via the scanning line 97 to the
output terminal G(j) are turned on. While the switch-
ing elements 95 are kept in the on state, the pixels 94
respectively connected thereto are charged in accor-
dance with voltages supplied to the corresponding
data lines 96 from the output terminals S(i) of the data
driver 92. The voltages of the thus charged pixels 94
remain unchanged for about one vertical period until
they are charged again by the subsequent voltages
to be supplied from the data driver 92.

Figure 10 shows the relationship among digital
image data DA, sampling pulses Ty, and an output
pulse signal OE, during the "j"th horizontal period jH
determined by a horizontal synchronizing signal Hgyp,.
As can be seen from Figure 10, while sampling pulses
Tempts Tsmp2s --- » Tsmpn @re sequentially ap-
plied to the data driver 92, digital image data DA;,
DA, ..., DA, ..., DAy are fed into the data driver 92 ac-
cordingly. The "j"th output pulse OE; determined by
the output pulse signal OE is then applied to the data
driver 92. On receiving the "j"th output pulse OE,;, the
data driver 92 outputs voltages in accordance with
the digital image data DA, to DAy, respectively from
its output terminals $(1) to S(N) to the corresponding
data lines 96.

Figure 11 shows the relationships among the hor-
izontal synchronizing signal Hgy,, the digital image
data DA, the output pulse signal OE, and the timing
of voltage supply from the data driver 92 and scan-
ning driver 93, during one vertical period determined
by a vertical synchronizing signal V. In Figure 11,
a SOURCE (j) indicates the levels of voltages output
from the data driver 92, with such timing as shown in
Figure 10 and in accordance with the N sets of digital
image data DAwhich have been fed into the data driv-
er 92 during the "j"th horizontal period jH. The
SOURCE (j) is shown as a hatched rectangular area
to indicate a range of voltages output from all the N
output terminals §(1) to S(N) of the data driver 92.
While the voltages indicated by the SOURCE (j) are
applied to the data lines 96, the voltage supplied from
the scanning driver 93 through its output terminal G(j)
to the "j"th scanning line 97 is changed to and kept at
a high level, thereby turning on all the N switching
elements 95 connected to the "j"th scanning line 97.
As aresult, the N pixels 94 respectively connected to
these N switching elements 95 are charged in accor-

’ Tsmpis
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dance with the voltages applied to the corresponding
data lines 96 from the data driver 92.

The above-described process is repeated M
times, i.e., for the 1stto Mth scanning lines 97, so that
an image corresponding to one vertical period is dis-
played. In the case of a non-interlace type display ap-
paratus, the thus produced image serves as a com-
plete display image on the display screen thereof.

The time interval between the rise of the "j"th
output pulse OE; and the rise of the "j+1"th output
pulse OE;,4 in the output pulse signal OE is herein
designated as one output period. This means that one
output period is equal to the duration of each
SOURCE (j) shown in Figure 11. In cases where or-
dinary linear sequential scanning is performed, one
output period is made equal to one horizontal period.
The reason for this is as follows: While the data driver
92 outputs, to the data lines 96, voltages correspond-
ing to digital image data for one horizontal (scanning)
line, italso performs sampling of digital image data for
the next horizontal line. The maximum length of time
during which these voltages can be output from the
data driver 92 is equal to one horizontal period. Fur-
thermore, except for special cases, as the output per-
iod becomes longer, the pixels can be charged more
accurately. In the driving circuit described herein,
therefore, one output period is equal to one horizontal
period. According to the invention, however, one out-
put period is not necessarily required to be equal to
one horizontal period.

The data driver 92 of the driving circuit 91 shown
in Figure 9 is presented as an example of the driving
circuit according to the invention, which will be descri-
bed in detail below by reference to Figures 12 to 14.

Figure 12 shows one of N identical circuits 120 in
the data driver 92. N circuits 120 supply signal voltag-
esrespectively through the N output terminals §(1) to
S(N) of the data driver 92 to the corresponding data
lines 96. The circuit 120 outputs a signal voltage
through the "n"th output terminal 8(n) to the corre-
sponding data line 96 (where n is an integer of 1 to N).
In this example, digital image data consists of three
bits (Do, Dy, D2)

The circuit 120 includes sampling (primary) flip-
flops 121 and holding (secondary) flip-flops 122 both
for receiving and holding the respective bits of the
digital image data (Dg, D4, D5). The circuit 120 also in-
cludes a selective control circuit 123, and four analog
switches 124 to 127 to which voltages of different lev-
els are respectively supplied. The selective control
circuit 123 turns on or off the analog switches 124 to
127 individually to control the on/off state thereof in
accordance with the received digital image data. The
selective control circuit 123 receives a signal t’ output
from an AND circuit 128 to which signals t and ¢ are
input. The number of such AND circuits 128 required
for the LSI circuit constituting the data driver 92 is,
theoretically, only one. The reason for this is as fol-
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lows: The data lines 96 are so designed as to provide
equal loads. Accordingly, in all the power supply cir-
cuits for the data driver 92 (which power supply cir-
cuits are of the same type as, for example, the power
supply circuit 60 shown in Figure 6), substantially
equal periods of time are required for high-level cur-
rents flowing therethrough at the beginning of one
output period to decrease to their respective steady-
state current levels. This results in that, in all the out-
put terminals S(1) to S(N) of the data driver 92, nec-
essary time intervals between the start of one output
period and the start of the oscillating voltage supply
can be made substantially equal (these time intervals
will be described in detail later). Therefore, all the out-
put terminals $(1) to S(N) are allowed to output oscil-
lating voltages substantially at the same point of time
in one output period. Since the timing of oscillating
voltage supply is determined by using the signal
t' output from the AND circuit 128 (as will be descri-
bed later), all the N circuits 120 corresponding to the
output terminals 8(1) to S(N) of the data driver 92 can
share the single AND circuit 128.

According to the invention, the signal ¢ may be
generated within the LSI circuit constituting the data
driver 92, thereby preventing an increase in the num-
ber of terminals of the LSI circuit.

Next, the operation of the circuit 120 will be de-
scribed with reference to Figure 12. On receiving the
leading edge of the sampling pulse Ty, correspond-
ing to the "n"th pixel, the sampling flip-flops 121 ob-
tain the respective bits of the digital image data (D,
D4, D,) and hold the thus obtained data therein. This
sampling process is performed for all the N pixels
connected to one of the scanning lines 97 (the "j"th
scanning line), respectively by all the N circuits 120
of the data driver 92. At the time when such sampling
of image data for all the N pixels connected to the sin-
gle scanning line 97 (i.e., sampling corresponding to
one horizontal period) is completed, an output pulse
OE is applied to the holding flip-flops 122. On receiv-
ing the output pulse OE, the holding flip-flops 122 ob-
tain the digital image data (Dg, D4, D5) from the sam-
pling flip-flops 121, and also output the received dig-
ital image data to the selective control circuit 123.
The selective control circuit 123 is provided with input
terminals d,, d; and d,, and output terminals S, S,
85 and S;. The three bits of the digital image data (D,
D4, D,) are respectively input through the input termi-
nals dg, dq and d, to the selective control circuit 123.
Through the output terminals 8y, 8,, S5 and 85, the
selective control circuit 123 outputs control signals
respectively for turning on or off the analog switches
124 to 127 so as to control the on/off state thereof.
Gray-scale reference voltages V,, V,, Vs and Vy; of dif-
ferent voltage levels are supplied to the four analog
switches 124 to 127, respectively. Each of these vol-
tages is output to the data line 96 only when the cor-
responding analog switch 124, 125, 126 or 127 is on.
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The relationship among the levels of these voltages
is: Vg < V5 <V;orV; <V <V, <V, As a circuit for
supplying such voltages, for example, the power sup-
ply circuit 60 shown in Figure 6 can be used as descri-
bed above.

Table 1 is a logical table showing the relationship
between inputs and outputs of the selective control
circuit 123. The first section of Table 1 (i.e., the first
three columns from the left) show the values of the
three bits of digital image data which are respectively
input to the input terminals d, d4 and dg of the selec-
tive control circuit 123. The second section of Table
1 (i.e., the next four columns) show the values of con-
trol signals which are respectively output from the
output terminals 8y, S5, S5 and 87 of the selective
control circuit 123. Each of the analog switches 124
to 127 is turned on when receiving a control signal
with a value of 1 from the output terminal $g, S5, S5
or 87 connected thereto, and turned off when receiv-
ing a control signal with a value of 0. Each of the
blanks in the second section of Table 1 indicates that
the value of the control signal is 0. Each "t'"" indicates
that the control signal has a value of 1 when the value
of the signal t' is 1, and that the control signal has a
value of 0 when the value of the signal t' is 0. Con-
versely, each t indicates that the control signal has
a value of 0 when the value of the signal t' is 1, and
that the control signal has a value of 1 when the value
of the signal t' is 0.

(Table 1)
dy | dy | do | So | S2 | Ss | S¢
0| 0] O 1

0| 0| 1 t t

0 | 1 0 1

0 1 1 t t

1 0| 0 t t

1 0 | 1 1

1 1 0 t t
1 1 1 1

Figure 13 shows the waveforms of the above-
described output pulse signal OE, and signals t, ¢ and
t'. The signal t is a pulse signal which periodically al-
ternates between the values of 0 and 1 with a duty ra-
tio of 1:2. Specifically, the ratio of the time for the sig-
nal t having a value of 0 to that for the signal t having
avalue of 1is 1:2. The signal ¢ is a pulse signal which
is kept at a value of 0 only for a predetermined period
of time from the rise of each output pulse OE. In other
words, the value of the pulse signal ¢ is kept at 0 only
for a predetermined time period from the beginning
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of one output period, and then changes to 1 so that it
is kept at 1 during the remaining part of the output per-
iod. According to the invention, the signal ¢ may be
generated from the output pulse signal OE. Since the
signal t’ is an output from the AND circuit 128 which
receives the signals t and ¢ as its inputs, the signal
t' is kept at a value of 0 during the above-mentioned
predetermined time period from the beginning of one
output period, and is then changed into a pulse signal
identical to the signal t and remains unchanged until
the start of the next output period.

Next, the operation of the selective control circuit
123 will be described with reference to Table 1.

In the case where all the three bits respectively
input to the input terminals d,, d; and dg of the selec-
tive control circuit 123 have a value of 0, a control sig-
nal with a value of 1 is output from the output terminal
8, thereby turning on the analog switch 124 connect-
ed thereto. The other analog switches 125 to 127 re-
main off. Thus, the voltage V, is output to the data line
96.

In the case where the values of the three bits in-
put to the input terminals d,, d; and dg are 0, 0 and
1, respectively, the control signals output from the
output terminals 8¢ and S, have the values of the sig-
nal t and of the signal t, respectively. During the pre-
determined time period from the rise of each output
pulse OE, the value of the signal t' is kept at 0 as de-
scribed above, so that the value of the t is kept at 1.
Therefore, during this time period, the output terminal
8, outputs a control signal with a value of 1, thereby
turning on the analog switch 124 to keep it in the on
state. The other analog switches 125 to 127 remain
off. Thus, the voltage V, alone is output to the data
line 96 during the predetermined time period from the
beginning of the output period. Thereafter, as descri-
bed above, the signal t’ is changed into a pulse signal
identical to the signal t, so that the value thereof al-
ternates between O and 1 during the remaining part
of the output period. When the signal t’ has a value of
1, the analog switch 125 connected to the output ter-
minal 8, is turned on, with the other analog switches
off, thereby allowing the voltage V, to be output to the
data line 96. When the signal t' has a value of 0, the
value of the t' becomes 1, so that the analog switch
124 connected to the output terminal S is turned on
with the other analog switches off, thereby allowing
the voltage V, to be output to the data line 96. As a
result, the signal voltage which is output from the cir-
cuit120 to the data line 96 becomes an oscillating vol-
tage which oscillates between the voltages Vo and V,
in the same cycle as that of the pulse signal t'.

Figure 14 shows the waveform of a signal voltage
output from the circuit 120 of Figure 12 to the corre-
sponding data line 96. As described above, the circuit
120 outputs only the voltage V, to the data line 96 for
a predetermined time period from the beginning of
one output period. Alternatively, the voltage V, alone
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may be output to the data line 96 during this prede-
termined time period. In Figure 14, the solid line rep-
resents the waveform of the signal voltage obtained
on the assumption that the entire driving circuit oper-
ates on the ideal condition of no load. The broken
lines represent changes in the potential of the data
line 96 under the actual load provided by the liquid
crystal panel. As shown in Figure 14, a non-oscillat-
ing voltage (i.e., only the voltage V, or V,) is supplied
to the data line 96 from the beginning of one output
period until the potential of the data line 96 reaches
the level of the output signal voltage. Therefore, no
parasitic oscillation arises in the power supply circuit
60.

Figure 14 also shows the signal ¢ for comparison.
The period of time during which the signal ¢ is kept
atavalue of 0 can be changed so as to adjust the time
interval between the start of one output period and
the start of oscillating voltage supply.

In the example described above, the data driver
92 starts to output an oscillating voltage after the po-
tential of the data line 96 has reached approximately
the level of the output signal voltage, thereby pre-
venting parasitic oscillation from arising in the power
supply circuit 60. According to the invention, however,
even before the potential of the data line 96 reaches
the output voltage level, the supply of oscillating vol-
tage may be allowed to start as long as the transient
state of the driving circuit has been changed intoc a
substantially steady state. At the end of the transient
state, the current reaches a lower level and the de-
gree of decrease in the current level becomes small.
Atthis time also, the supply of oscillating voltage may
be allowed to start; this timing of oscillating voltage
supply also makes it possible to prevent parasitic os-
cillation from arising in the power supply circuit 60.
For example, it has been found that the sufficient ef-
fect of preventing parasitic oscillation can be ob-
tained by starting the supply of oscillating voltage at
the time when the current flowing through the power
supply circuit 60 decreases to about 1/4 of its peak
current level.

The necessary time interval between the start of
one output period and the start of oscillating voltage
supply depends on the characteristics of a liquid crys-
tal panel serving as a load and of a power supply cir-
cuit. Thus, the point of time at which the supply of os-
cillating voltage is allowed to start may vary over a
certain range of time.

As described above, according to the invention,
while the driving circuit is in a transient state in the ini-
tial part of each output period, non-oscillating signal
voltages are output to the signal lines (i.e., the data
lines described above), so that parasitic oscillation
can be prevented from arising in the power supply cir-
cuit. Accordingly, the stable operation of the power
supply circuit can be assured, thereby preventing in-
crease in power consumption and generation of heat
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in the power supply circuit.

Also as described above, according to the inven-
tion, oscillating voltages are output to the signal lines
after the elapse of a predetermined time period from
the beginning of one output period, i.e., after the driv-
ing circuit has changed from its transient state to a
substantially steady state. Therefore, a plurality of in-
terpolated voltages (i.e., the oscillating voltages de-
scribed above) can be obtained from gray-scale ref-
erence voltages by the oscillating voltage driving
method without causing any unnecessary parasitic
oscillation.

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 in-
vention. Accordingly, it is not intended that the scope
of the claims appended hereto be limited to the de-
scription as set forth herein, butrather that the claims
be broadly construed.

Claims

1. Amethod fordriving a display apparatus which in-
cludes a display section including pixels and
switching elements respectively connected to
the pixels, and also includes a driving circuit for
driving the display section, and signal lines con-
necting the switching elements to the driving cir-
cuit, said pixels being allowed to produce a dis-
play image by specific voltages applied thereto,
wherein said method includes the steps of:

allowing said driving circuit to output a
non-oscillating voltage signal to each of said sig-
nal lines for a predetermined time period from the
start of one output period; and

allowing said driving circuit to outputan os-
cillating voltage signal to each of said signal lines
from the end of said predetermined time period
until the end of said output period, said oscillat-
ing voltage signal including at least one oscillat-
ing component.

2. Amethod according to claim 1, wherein said pre-
determined time period includes a period of time
during which said driving circuit remains in a tran-
sient state, the transient state of the driving cir-
cuit arising at the start of said output period.

3. A method according to claim 1, wherein said os-
cillating voltage signal periodically oscillates be-
tween a first voltage and a second voltage.

4. Adriving circuit for a display apparatus which in-
cludes a display section including pixels and
switching elements respectively connected to
the pixels, and also includes signal lines connect-
ed to the switching elements, said pixels being al-
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lowed to produce a display image by specific vol-
tages applied thereto, wherein said driving circuit
includes:

a voltage signal output control means for
outputting a non-oscillating voltage signal to
each of said signal lines for a predetermined time
period from the start of one output period, and
then outputting an oscillating voltage signal to
each of said signal lines from the end of said pre-
determined time period until the end of said out-
put period, said oscillating voltage signal includ-
ing at least one oscillating component.

Adriving circuit according to claim 4, wherein said
predetermined time period includes a period of
time during which said driving circuit remains in
a transient state, the transient state of the driving
circuit arising at the start of said output period.

Adriving circuit according to claim 4, wherein said
oscillating voltage signal periodically oscillates
between a first voltage and a second voltage.

Adriving circuit according to claim 4, wherein said
voltage signal output control means includes:

a plurality of switching means; and

a selective control circuit for receiving dig-
ital image data and then turning on or off said
switching means individually to control the on/off
state thereof in accordance with the received dig-
ital image data, and

wherein said switching means allow, only
when they are turned on, different voltage sig-
nals respectively supplied thereto to be delivered
to each of said signal lines, and

said selective control circuit turns on one
of said switching means to keep said switching
means in the on state during said predetermined
time period, and then controls the on/off state of
at least one pair of said switching means to alter-
nately turning them on from the end of said pre-
determined time period until the end of said out-
put period.
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