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A driving circuit for a display apparatus, which improves voltage setting operations.

@ A driving circuit for a display apparatus is

provided which apparatus includes pixels al- S
lowed to produce a display image by specific . -
voltages applied thereto. The driving circuit 3 8 s »
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BACKGROUND OF THE INVENTION

1. Field of the Invention:

The present invention relates to a driving circuit for a flat panel display apparatus, and more particularly
relates to a driving circuit for 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.

2. Description of the Related Art:

Figure 1 shows a data driver exemplifying a conventional driving circuit for driving a display apparatus
which receives digital image data to produce a display image with gray scales in accordance with the received
data. For simplicity of explanation, it is herein assumed that the digital image data consists of two bits (D,
D,). This data driver supplies driving voltages to N pixels (where N is a positive integer) on a scanning line
which has been selected by means of a scanning 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 voltage 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 receiving one bit of the digital image data (D,, D), holding (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 follows. On receiving the leading edge of a sampling pulse
Tsmpn coOrresponding to the "n"th pixel, the sampling flip-flops 21 obtain the digital image data (Do, D4) and
hold the thus obtained data therein. When such image data sampling for the 1st to Nth pixels on a single scan-
ning line is completed (i.e., sampling corresponding 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, D4) from the sampling flip-flops 21, and transfer the thus obtained digital image
data to the decoder 23. The decoder 23 decodes each bit of the digital image data (D, D¢), 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 voltages V, to V3 from the four different voltage sources, 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 2" different voltage sources (where n is the
number of bits constituting digital image data). In other words, the number of required voltage sources doubles
when the digital image data is enlarged by one bit. For example, in the case where the digital image data con-
sists of 4 bits for the generation of a display image with 16 gray scales, the number of required 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 required voltage sources is: 26 = 64.

Such voltage sources are connected through the analog switches of the data driver to a display apparatus,
e.g., a liquid crystal panel, which provides a heavy load on the voltage sources. Thus, each voltage source is
required to have a sufficient performance 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 consti-
tuting the driving circuit, they must be located outside the LS| circuit. This means that signal voltages for driving
the liquid crystal panel must be supplied from external voltage sources to the LS| circuit. As a result, with an
increase in the number of voltage sources, the number of input terminals of the LSI circuit must be increased
accordingly. It is extremely difficult to produce an LSI circuit having such a large number of input terminals.
Even if it is possible to make such an LS| circuit, mounting or manufacturing problems arise in the mass pro-
duction thereof; it is practically impossible to mass-produce such LS| circuits.

An oscillating voltage driving method and a driving circuit using the method have been proposed by Jap-
anese Patent Application No. 4-129164, which has not been published, in order to solve the problem of the
above-described conventional driving method where the number of required voltage sources is equal to that
of gray scales to be generated. In the proposed method and driving circuit, external voltage sources are pro-
vided to supply gray-scale reference voltages which are used to further obtain a plurality of interpolated vol-
tages, so that both the gray-scale reference voltages and the interpolated voltages are used to generate gray
scales. Thus, the number of gray scales which can be generated is larger than that of the voltage sources in
the driving circuit. Several types of data driver using this oscillating voltage driving method have been put into
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practical use.

Figure 3 shows a circuit 30 which constitutes part of a data driver exemplifying the above-described pro-
posed driving circuit using the oscillating voltage driving method.

Table 1 shows the relationship between voltages V to V7 applied to a pixel from the circuit 30 and gray-
scale reference voltages Vy, V,, Vs and V5 respectively supplied from four voltage sources. As shown in Table
1, the four voltages V4, V3, V4 and Vg applied to the pixel from the circuit 30 are four interpolated voltages
(Vot2V,)/3, (2V,+Vs)/3, (Vo+2V5)/3 and (2V5+V-)/3, respectively, which are obtained from the four gray-scale
reference voltages V,, Vs, Vs and V5. The gray-scale reference voltages Vy, Vs, Vs and V; and the interpolated
voltages V,, V3, V4 and Vg produced therefrom are all used to generate gray scales. This means that, in this
data driver, eight gray scales can be obtained from only four gray-scale reference voltages which are respec-
tively supplied from the four voltage sources.

(Table 1)
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As described above, the proposed driving circuit using the oscillating voltage driving method is advanta-
geous in that the number of gray scales which can be obtained is greater than that of the voltage sources.
This conventional driving circuit, however, involves such problems as will be described below.

Figure 4 shows the relationship between voltage applied to a pixel by the above-described circuit 30 and
the resultant transmittance of the pixel. The problems to be solved by the invention will be described by taking
the voltage Vi as an example. The voltage V, is used to obtain the lowest transmittance, i.e., the highest gray
scale (black).

As shown in Figure 4, in the range of high voltage levels which result in transmittances close to 0%, the
transmittance gradually approaches 0% with an increase in the voltage. Thus, as the absolute value of the
voltage V, is increased to a practically possible level, the transmittance approaches 0%. In the circuit 30, the
gray-scale reference voltage V, is used to obtain the interpolated voltage V, as shown in Table 1, so that it is
extremely difficult to adjust the gray-scale reference voltage V, and the interpolated voltage V, separately.
When the voltage V, is so adjusted that an appropriate gray scale can be obtained by the application of the
voltage V, to the pixel, the voltage V, is determined in accordance with the voltage V,. Conversely, when the
voltage V, is so adjusted that an appropriate gray scale can be obtained by the application of the voltage V,
to the pixel, the voltage V, is determined in accordance with the voltage V,. In this example, the voltage V,
is used to produce only the interpolated voltage V4. With an increase in the number of bits constituting a digital
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image signal, however, the number of interpolated voltages to be obtained from the voltage V, increases. This
makes it far more difficult to separately adjust the voltage V, and the interpolated voltages to be produced
therefrom. Therefore, this conventional driving circuit involves the following inconvenience: For example, even
in the case where a slight increase in the voltage V, would further darken a black image (i.e., a highest-gray-
scale image) to obtain higher contrast in the entire display image, it is impossible to actually increase the vol-
tage V, without adversely affecting the other gray scales such as those obtained by interpolated voltages; even
the slight increase in the voltage V, can deteriorate the characteristics of the gray scales of the entire display
image. Therefore, a display apparatus using this conventional driving circuit cannot produce a high-contrast
display image. This problem also arises in the case of the voltage V; which is used to obtain the highest trans-
mittance, i.e., the lowest gray scale (white).

SUMMARY OF THE INVENTION

The driving circuit for a display apparatus includes pixels which are allowed to produce a display image
by specific voltages applied thereto, wherein the driving circuit comprises: a first voltage output means for gen-
erating an interpolated voltage on the basis of gray-scale reference voltages supplied thereto, and applying
the interpolated voltage to said pixels, the interpolated voltage being of a level between the voltage levels of
the gray-scale reference voltages; and a second voltage output means for applying, to said pixels, a voltage
different from said gray-scale reference voltages.

In one embodiment of the present invention, the voltage applied to said pixels by said second voltage out-
put means is used to obtain a highest gray scale.

In another embodiment of the present invention, the voltage applied to said pixels by said second voltage
output means is used to obtain a lowest gray scale.

Thus, the invention described herein makes possible the advantages of providing a driving circuit for a
display apparatus, in which a voltage for the generation of the highest or lowest gray scale, or voltages for the
generation of both the highest and lowest gray scales are provided separately from gray-scale reference vol-
tages, so that the voltage(s) for the highest and/or lowest gray scale(s) can be adjusted separately from the
gray-scale reference voltages, thereby allowing the display apparatus to produce a display image having the
highest contrast possible for a liquid crystal panel.

These and other advantages of the present invention will become apparent to those skilled in the art upon
reading and understanding the following detailed description with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

Figure 4 is a graph showing the relationship between voltage applied to a pixel and the resultant trans-
mittance of the pixel.

Figure 5 is a schematic diagram showing a circuit constituting part of a data driver exemplifying a driving
circuit according to the invention.

Figure 6 shows the waveform of a signal t which is input to a selective control circuit 53 shown in Figure
5.

Figure 7 is a schematic diagram showing a circuit constituting part of a data driver exemplifying another
driving circuit according to the invention.

Figure 8 is a graph showing the relationship between voltage applied to a pixel and the resultant trans-
mittance of the pixel.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention will be further described by reference to examples. A matrix-type liquid crystal display ap-
paratus is herein used as a display apparatus to be driven by a driving circuit according to the invention. But
it is understood that the driving circuit of the invention can also be applied to other types of display apparatus.

Figure 5 shows the configuration of a circuit 50 which constitutes part of a data driver exemplifying a driv-
ing circuit according to the invention. The circuit 50 corresponds to the "n"th pixel of N pixels which are provided
along each scanning line in a display apparatus (where N is a positive integer, and n is an integer of 1 to N).
In this example, digital image data consists of three bits (Dy, D4, D).
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The circuit 50 includes sampling (primary) flip-flops 51 and holding (secondary) flip-flops 52 both for re-
ceiving and holding the digital image data. The circuit 50 also includes a selective control circuit 53, four analog
switches 55 to 58 to which different gray-scale reference voltages are supplied, and an analog switch 54 to
which a voltage different from the gray-scale reference voltages is supplied. The selective control circuit 53
turns on or off the analog switches 54 to 58 individually to control the on/off state thereof. The selective control
circuit 53 receives a signal t. The output of the circuit 50 is connected to a data line (not shown), so that a voltage
output from the circuit 50 is supplied through the data line to the "n"th pixel.

The term "gray-scale reference voltage" is herein defined as a voltage used to obtain at least one inter-
polated voltage by the oscillating voltage driving method disclosed in the above-described Japanese Patent
Application No. 4-129164.

Next, the operation of the circuit 50 will be described with reference to Figure 5. On receiving the leading
edge of asampling pulse T s, corresponding to the "n"th pixel, the sampling flip-flops 51 obtain the respective
bits of the digital image data (Dy, D4, D,), and hold the thus obtained data therein, thereby completing the
sampling of the image data corresponding to the "n"th pixel. In the data driver, such image data sampling is
performed for all the above-mentioned N pixels provided along a single scanning line (i.e., sampling corre-
sponding to one horizontal period is performed). Atthe time when the sampling corresponding to one horizontal
period is completed, an output pulse OE is applied to the holding flip-flops 52. On receiving the output pulse
OE, the holding flip-flops 52 obtain the digital image data (D, D4, D,) from the sampling flip-flops 51, and
also output the received digital image data to the selective control circuit 53. The selective control circuit 53
is provided with input terminals dy, d4 and d,, and output terminals 8’, 8¢, S,, 85 and 8. The three bits of the
digital image data (D, D4, D,) are respectively input through the input terminals d,, d4 and d, to the selective
control circuit 53. Through the output terminals 8¢’, 8¢, S,, 85 and 85, the selective control circuit 53 outputs
control signals respectively for turning on or off the analog switches 54 to 58 to control the on/off state thereof.
Gray-scale reference voltages Vg, Vs, Vs and V- of different voltage levels are supplied to the analog switches
55 to 58, respectively. A voltage V' which is different from the gray-scale reference voltages is supplied to
the analog switch 54. The relationship among the levels of these voltages is: Vg’ > Vg > V, > V5 > V;. Each of
these voltages is output to the data line only when the corresponding analog switch 54, 55, 56, 57 or 58 is
turned on.

Table 2 is a logical table showing the relationship between the inputs and outputs of the selective control
circuit 53. The first section of Table 2 (i.e., the first three columns from the left) show the values of three bits
which are respectively input to the input terminals d,, d4 and d, of the selective control circuit 53. The second
section of Table 2 (i.e., the next five columns) show the values of control signals which are respectively output
from the output terminals 8¢’, Sy, S5, 85 and 8y of the selective control circuit 53. Each of the analog switches
54 to 58 is turned on when it receives a control signal having a value of 1 from the output terminal S¢’, Sy, S,,
85 or 87 connected thereto, and turned off when it receives a control signal having a value of 0 from the output
terminal connected thereto. Each of the blanks in the second section of Table 2 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 tis 0. Conversely, each tindicates
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 tis 0.

(Table 2)
d | dy | do | S¢ | So | S2 | Ss | S7
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
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Figure 6 shows the waveform of the above-described signal t. The signal t is a pulse signal which period-
ically alternates between the values of 0 and 1 with a duty ratio of 1:2. Specifically, the ratio of the time for
the signal t having a value of 0 to that for the signal t having a value of 1 is 1:2.

Next, the operation of the selective control circuit 53 will be described with reference to Table 2.

For example, in the case where the values of the three bits input to the input terminals d,, d; and dq are
0, 0 and 1, respectively, the control signals output from the output terminals 8y and 8, have the values of the
t and of the signal t, respectively. When the signal t has a value of 1, the analog switch 56 connected to the
output terminal 8, is turned on, with the other analog switches off, thereby allowing the gray-scale reference
voltage V, to be output from the circuit 50 to the data line. When the signal t has a value of 0, the value of the
tbecomes 1, so thatthe analog switch 55 connected to the output terminal S is turned on with the other analog
switches off, thereby allowing the gray-scale reference voltage V, to be output from the circuit 50 to the data
line. Since the value of the signal t periodically alternates between the values of 0 and 1 as described above,
the voltage which is output from the circuit 50 to the data line becomes an oscillating voltage which oscillates
between the gray-scale reference voltages V, and V; in the same cycle as that of the pulse signal t. The os-
cillating voltage thus applied through the data line to the pixel is an interpolated voltage of a level given by:
(Vo + 2V,)/3, which is between the voltage levels of the gray-scale reference voltages V, and V..

In the same manner as described above, oscillating voltages which oscillate between the gray-scale ref-
erence voltages V, and Vs, and between the gray-scale reference voltages Vs and V; are output from the circuit
50 to the data line and accordingly applied to the pixel. These oscillating voltages applied to the pixel are also
interpolated voltages the levels of which are between the voltage levels of V, and Vs, and between the voltage
levels of V5 and V5, respectively. Therefore, since the gray-scale reference voltages V,, V,, Vs and V7 are all
used to obtain interpolated voltages, they cannot be adjusted separately from the interpolated voltages.

On the other hand, in the case where all the three bits input to the input terminals d,, d; and d, of the
selective control circuit 53 have a value of 0, a control signal with a value of 1 is output from the output terminal
8y’ of the selective control circuit 53, so that the analog switch 54 connected thereto is turned on. The other
analog switches 55 to 58 remain off. As a result, the voltage V' is output from the circuit 50 to the data line.
The voltage V' is not used to generate any oscillating voltage, so that it can be adjusted separately from all
the other voltages. Therefore, the highest gray scale obtained by the use of the voltage Vi’ can be darkened
without affecting the other gray scales, thereby enabling the display apparatus to produce a high-contrast dis-
play image.

Figure 7 shows the configuration of a circuit 70 which constitutes part of a data driver exemplifying another
driving circuit according to the invention. The circuit 70 applies a voltage through a data line to the "n"th pixel
of the N pixels provided along each scanning line in the display apparatus. The configuration of the circuit 70
is the same as that of the circuit 50 of Figure 5, except that a selective control circuit 73 of the circuit 70 is
provided with another output terminal 8;’ connected to an analog switch 79 to which another voltage V-’ is
supplied. The voltage V-’ is different from all the gray-scale reference voltages V,, V,, Vs and V, and also dif-
ferent from the voltage Vy'. The relationship among the levels of these voltages is: Vo' > Vo >V, > V5>V, >
V;'. The detailed description of the other configuration of the circuit 70 is herein omitted.

In the same manner as the voltage V' in the circuit 50 of Figure 5, the voltage V7 can be adjusted sepa-
rately from the other voltages. Therefore, the lowest gray scale obtained by the voltage V7 can be adjusted
separately from the other gray scales. This will be described in detail below by reference to Table 3.

Table 3 is a logic table showing the relationship between the inputs and outputs of the selective control
circuit 73. As shown in Table 3, in the case where the values of all the three bits respectively input to the input
terminals d,, dq and d, of the selective control circuit 73 are 1, a control signal having a value of 1 is output
from the output terminal 8;’ of the selective control circuit 73, so that the analog switch 79 connected thereto
is turned on. The other analog switches 74 to 78 remain off. Accordingly, the circuit 70 outputs the voltage
V;' to the data line. The voltage V- is not used to obtain any oscillating voltage, so that it can be adjusted sep-
arately from the other voltages.
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(Table 3)
d, | dy | do | S’ | So | S2 | S5 | 87 | S/
o0 o0 1
o 0| 1 Tt
o[ 1]o0 1
o 1] 1 t t
11010 t t
110 | 1 1
111 1]o0 t | 1
111 | 1 1

Figure 8 shows the relationship between the voltage applied to the pixel by the above-described driving
circuit of the invention including the circuit 70 of Figure 7, and the resultant transmittance of the pixel. As ap-
parent from Figure 8, the voltage V,’' is made higher than the highest gray-scale reference voltage V,, while
the voltage V;' is made lower than the lowest gray-scale reference voltage V;. Thus, the voltages V, and
V; are used to obtain the highest and the lowest gray scales, respectively. As described above, since the vol-
tages Vy' and V- can be adjusted separately from the other voltages, the highest and the lowest gray scales
respectively obtained by them can be adjusted without affecting the other gray scales. As a result, the display
apparatus using this driving circuit can produce a display image having the highest contrast possible for a liquid
crystal panel.

As described above, according to the invention, only the voltage V,’ for the generation of the highest gray
scale, or both the voltages Vg and V; respectively for the generation of the highest and lowest gray scales
are provided so as to be adjusted separately from the other voltages. Alternatively, only the voltage V; for the
generation of the lowest gray scale may be provided to be adjusted separately from the other voltages. In this
case also, a high-contrast display image can be obtained in the display apparatus.

According to the invention, one or two additional voltages (i.e., the above-described voltages which can
be adjusted independently for the generation of the highest and/or lowest gray scales) are supplied to the LSI
circuit constituting the driving circuit (i.e., data driver), so that the number of the terminals of the LSI circuit
and the number of the analog switches in the data driver are increased accordingly. Such increase, however,
can never be significant. For example, in order to generate a display image with 64 gray scales from 6-bit digital
image data, the conventional driving circuit using the oscillating voltage driving method requires nine voltage
sources. In order to generate the same display image, a driving circuit of the invention using one additional
voltage which can be adjusted independently for the generation of the highest or lowest gray scale requires
only one more voltage source, i.e., ten voltage sources. Since the number of voltage sources is only increased
from nine to ten, the number of input terminals of the LSI circuit is only increased from nine to ten, and the
number of analog switches is increased by only one for each output terminal of the data driver. This indicates
that the increase in the number of the terminals of the LSI circuit and in the number of analog switches due
to the increase in the number of voltage sources is extremely small in the driving circuit of the invention.

As described above, according to the invention, one or two voltages different from the gray-scale refer-
ence voltages are provided to be adjusted independently. Therefore, a voltage for the generation of the highest
or lowest gray scale, or voltages for the generation of both the highest and lowest gray scales can be adjusted
separately from the other voltages. This enables the generation of a display image having the highest contrast
possible for a liquid crystal panel, while maintaining the advantage of the oscillating voltage driving method
where the number of gray scales which can be obtained is greater than that of the voltage sources.

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. 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 broadly con-
strued.
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Claims

1. Adriving circuit for a display apparatus including pixels which are allowed to produce a display image by
specific voltages applied thereto, wherein the driving circuit comprises:

a first voltage output means for generating an interpolated voltage on the basis of gray-scale ref-
erence voltages supplied thereto, and applying the interpolated voltage to said pixels, the interpolated
voltage being of a level between the voltage levels of the gray-scale reference voltages; and

a second voltage output means for applying, to said pixels, a voltage different from said gray-scale
reference voltages.

2. Adriving circuit according to claim 1, wherein the voltage applied to said pixels by said second voltage
output means is used to obtain a highest gray scale.

3. Adriving circuit according to claim 1, wherein the voltage applied to said pixels by said second voltage
output means is used to obtain a lowest gray scale.
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