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(57) ABSTRACT

A drive circuit has a judgement circuit for judging whether
the magnitude of the mput video data resides 1n a linear
region or the non-linear region of characteristic of liquid
crystal transmittance. When the vide data resides within the
linear region, some of the output gray-scale voltage for the
LCD are generated by interpolation of adjacent two of the
gray-scale voltages generated by a voltage generator. The
reduced gray-scale voltage taps reduces the circuit scale and
the test procedures for the drive circuit.
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DRIVE CIRCUIT FOR DRIVING AN IMAGE
DISPLAY UNIT

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present mvention relates to a drive circuit for an
image display unit and, more particularly, to a drive circuit
for driving an 1image display unit to display thereon multi-
level gray-scale digital video data. The present invention
also relates to a method for operating such a drive circuit.

(b) Description of the Prior Art

FI1G. 1 illustrates the configuration of a conventional drive
circuit for use 1n an i1mage display unit such as a liquid
crystal display (LCD) unit. This drive circuit 1s used for
displaying digital video data of 240 pixels each having six
bits, or data of 240 pixels by 6 bits/pixel.

The drive circuit of FIG. 1 includes an 80-bit shift register
901, a data register block 902, a data latch block 903, a
gray-scale voltage selector block 904, an output amplifier
block 905, and a gray-scale voltage generator 906. Power
source voltages VDDI1 and VSS1 are supplied to the 80-bit
shift register 901, the data register block 902, and the data
latch block 903, while power source voltages VDD2 and
V882 are supplied to the gray-scale voltage selector block

904, and the output amplifier block 905.

The 80-bit shift register 901 shiits an input pulse in the
direction specified by an R/L signal at each cycle of the
clock (CLK) signal. More specifically, if the R/L signal indi-
cates the right direction, an STHR signal supplied at the
lettmost end of the 80-bit shift register 901 1s shufted at each
cycle of the CLK signal to output the resulting signal to the
data register block 902 as an STHL signal after 80 cycles of
the CLK signal. Since the STHR signal includes a single
pulse having a width of one clock pulse, pulses are output
successively through terminals C1, C2, .. . C79, and C80 of
the shift register 901 while the STHR signal 1s being shifted.
On the other hand, 1f the R/L signal indicates the leit
direction, an STHL signal supplied at the rightmost end of
the shift register 901 1s shifted at each cycle of the CLK
signal to output the resulting signal to the data register block
902 as an STHR signal after 80 cycles of the CLK signal.
Since the STHL signal includes also a single pulse having a
width of one clock, pulses are output successively through

terminals C80, C79, . .. C2, and C1 of the shiit register 901
while the STHL si1gnal 1s being shifted.

The data register block 902 has a storage capacity of 1440
bits or a storage capacity for 240 pixels, receives video data
D00-D25 for three pixels each including 6 bits 1n parallel at
cach cycle of the CLK signal, and successively stores video
data in the data register block 902. That 1s, the video data
input to the data register block 902 is successively stored 1n
the data registers of the data register block 902 through ter-
minals C1, C2, ... C79, and C80.

The data latch block 903 latches the 240-pixel video data
supplied from the data register block 902 at once when a
LATCH signal 1s active. The data latch block 903 has a
capacity of 240-pixel data, and 1s provided because, while
the amplifier block 905 1s outputting the video data for one
line, the next video data for another line 1s mnput to the data
register block 902.
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The gray-scale voltage generator 906 1s configured as
shown 1n FIG. 2, recerving specific gray-scale voltages V0 to
V8, providing gray-scale voltage at eight tap points of a
resistor ladder or resister string which divides each adjacent
two of the specific gray-scale voltages V0 to V8, and output-
ting intermediate gray-scale voltages through the tap points
of the resistor ladder 1n association with the specific gray-
scale voltages VO to V8. Accordingly, the gray-scale voltage
generator 906 outputs 64 voltage levels. By using a nonlin-
car adjustment of the levels of the gray-scale voltages
V0-V8 1n accordance with the characteristics of the LCD
unit to be driven, a nonlinear correction can be obtained for
the characteristics of the LCD unit with respect to the rela-
tion between the voltage and the percent transmission, such

as shown 1n FI1G. 3.

Referring to FIG. 4, the gray-scale voltage selector block
904 includes a decoder 904-1 and switches 904-2 for each
pixel, the number of switches being equal to the number of
gray scale levels to be displayed. The gray-scale voltage
selector block 904 selects one voltage out of the 64 voltages,
supplied from the gray-scale voltage generator 906, for the
video data of each of the 240 pixels output from the data
latch block 903 1n accordance with the value of the 6 bits of
video data, to output the resulting voltage as an analog sig-
nal.

The amplifier block 905 outputs the analog signal of the
240 pixels. These analog signals act as pixel signals of a
single line selected by a vertical scan circuit (not shown). In
addition, since a plurality of drive circuits for displaying the
digital video data are arranged in the horizontal direction, all
the pixel signals of the single line are made available simul-
taneously.

The scheme employed by the drive circuit for displaying
digital video data i1s generally referred to as the “resistor
string method”. This drive circuit 1s described 1n Saito and
Kitamura, “Society for Information Display (SID) Interna-
tional Symposium digest of technical papers”, Vol. XXVI,
pp.257-260 (1995). It 1s to be noted that each gray-scale
voltage generator, disposed for a single pixel in the gray-
scale voltage selector block 904 described 1n the literature,
includes an enhancement transistor and a depletion
transistor, as shown 1n FIG. 5, and disuses a transistor that 1s

considered necessary to constitute the switch 904-2 shown
in FIG. 4.

In the conventional resistor string method described
above, although a 6-bit (64-level gray scale) drive circuit can
be implemented without a significant problem, an attempt to
realize gray-scale levels higher than 64 levels may cause the
following problems.

A first problem 1s that employing a semiconductor inte-
grated circuit implementing the drive circuit may cause the
chip to significantly increase 1n size. This 1s because, among
others, the number of gray-scale voltage selectors employed
in the resistor string method 1s doubled and doubled as the
level of gray scale increases bit by bit. For example, a
64-level gray-scale drive circuit requires 64 gray-scale volt-
age selectors per one output, whereas a 256-level gray-scale
drive circuit requires 256 gray-scale voltage selectors, four
times as many as those of the 64-level gray-scale drive cir-
cuit. This causes the die area to increase, leading to an
increased 1n 1ts size.

A second problem 1s that longer time may be required for
testing the semiconductor integrated circuit after 1t 1s fabri-
cated. The 64-level gray-scale drive circuit has 64 gray-scale
voltage selectors per one output, and 1t 1s necessary to check
the function of all the voltage selectors. Similarly, 1n the
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256-level gray-scale drive circuit, 1t 1s necessary to check the
function of all the 256 voltage selectors per one output. This
may cause the testing time to increase four times, leading to
an increase 1n testing cost.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
a drive circutt for driving an 1mage display umt, such as a
TFT (Thin Film Transistor) LCD umt, to display thereon
multi-level gray-scale digital video data, especially such as
having gray-scale levels of digital video data higher than
cight bits per pixel, to realize reduction of the circuit scale,
the die area, and the cost for testing the drive circuit.

The present invention provides a drive circuit for driving a
display unit including: a gray-scale level voltage generator
for generating a plurality of gray-scale level voltages, the
gray-scale voltages corresponding to magnitudes of possible
video data 1n one-to-one correspondence in a non-linear
region of characteristic of liquid crystal transmittance and
corresponding to magnitudes of possible video data in one-
to-n correspondence 1 a linear region of characteristic of
liquid crystal transmittance where n 1s an 1nteger larger than
one; a gray-scale voltage selector block for responding to
input video data to select one of the gray-scale level volt-
ages; a judgement section for judging whether a magnitude
of an input video data resides within the non-linear region or
the linear region to output a judgement signal indicating the
non-linear region or the linear region; and an output circuit
for responding to the judgement signal to output the one of
the gray-scale level voltages selected by the gray-scale volt-
age selector block when the judgement signal indicates the
non-linear region and output one of the gray-scale voltages
or an mtermediate voltage when the judgement signal indi-
cates the linear region, the intermediate voltage residing
between two of adjacent gray-scale voltages.

In accordance with the drive circuit of the present
invention, use of the intermediate voltage between adjacent
two of the gray-scale voltages in the linear region reduces
the number of gray-scale voltages to be generated substan-
tially without degrading the 1mage quality of the image dis-
play unit to be drive by the drive circuit, and reduces the
circuit scale of the drive unit and reduces the test procedures
tor the drive circuit. The intermediate voltage may be prefer-
ably obtained by interpolation of the adjacent two of the
gray-scale voltages.

The above and other objects, features and advantages of
the present invention will be more apparent from the follow-
ing description, referring to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a block diagram illustrating the configuration of
a conventional drive circuit for displaying multi-level gray-
scale digital video data;

FI1G. 2 1s a circuit diagram 1llustrating the configuration of
a gray-scale voltage generator shown 1n FIG. 1;

FIG. 3 1s a graph of a LCD unit showing the relationship
between the gray-scale voltage and the optical transmittance
of the LCD obtained thereby;

FI1G. 4 1s a block diagram illustrating the configuration of

an example of a gray-scale voltage selector block shown 1n
FIG. 1;

FIG. 5 1s a block diagram illustrating the configuration of

another example of a gray-scale voltage selector block
shown 1n FIG. 1;

FIG. 6 1s a block diagram illustrating a drive circuit for
driving a LCD unit to display thereon multi-level gray-scale
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4

digital video data according to a first embodiment of the
present invention;

FIG. 7 1s a block diagram of the main portion of the drive
circuit of FIG. 6.

FIG. 8 1s a table showing the relationship between the
output voltage and the video data to be recerved by the drive
circuit for displaying multi-level gray-sale digital video data
according to the first embodiment of the present invention;

FIG. 9 1s a block diagram illustrating the configuration of
the output stage amplifier block 104A shown 1n FIG. 7;

FIG. 10 1s a block diagram 1llustrating the configuration of
the least-significant-bit controller 103A shown 1 FIG. 7;

FIG. 11 1s a block diagram 1illustrating the main portion of
a drive circuit for displaying multi-level gray-scale digital
video data according to a second embodiment of the present
imnvention;

FIG. 12 1s a table showing the relationship between the
output voltage and the video data to be received by the drive
circuit for displaying multi-level gray-scale digital video
data according to the second embodiment of the present
invention;

FIG. 13 1s a block diagram 1illustrating the configuration of
the output stage amplifier block 104B shown 1n FIG. 11;

FIG. 14 1s a block diagram 1llustrating the configuration of
the least-sigmificant-bit controller 103B shown in FIG. 11;
and

FIG. 15 1s a circuit diagram illustrating the configuration
of a circuit that can be employed in place of a coincidence
circuit 301.

PR.

(L]
=T

ERRED

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Now, the present mmvention will be described below 1n
more detail with reference to the accompanying drawings in
accordance with the preferred embodiments. It 1s to be noted
that similar constitute elements are designated by similar
reference numerals or related reference numerals throughout
the drawings.
| First Embodiment ]

FIG. 6 illustrates the configuration of a drive circuit
according to the first embodiment of the present invention.
The drive circuit of the present embodiment includes an
80-bit shift register 901, a data register block 902, and a data
latch block 903, which are similar to those 1n the conven-
tional drive circuit of FIG. 1. The drive circuit also includes a
gray-scale voltage generator 101A, a gray-scale voltage
selector block 102A, and an output stage circuit 105A. The
gray-scale voltage generator 101 A has a circuit configura-
tion which 1s similar to the circuit configuration of the gray-
scale voltage generator 906 shown 1n FIG. 2. The gray-scale
voltage selector block 102A 1ncludes a group of 240 gray-
scale voltage selectors each having a configuration similar to
that shown 1n FIG. 4.

The output stage circuit 105A 1ncludes an amplifier block
104 A and a least-significant-bit (LSB) controller 103A, as
shown 1 FIG. 7. The least-significant-bit controller 103 A
acts as a judgement section which judges whether the mag-
nitude of the video data resides within a non-linear region or
a linear region. The output stage amplifier block 104A 1s
somewhat different from the amplifier block 905 shown 1n
FIG. 1.

The gray-scale voltage generator 101 A divides input
gray-scale reference voltages (VGO0 to VGn). In general, to
display 64 levels of gray scale data solely by means of the
gray-scale voltage selector block 102A, the selector block
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102A 1s provided with 63 resistors to generate 64 distinct
voltages. Similarly, to display 256 levels of gray scale data
solely by means of the gray-scale voltage selector block
102A, the selector block 102A 1s generally provided with
2535 resistors to generate 256 distinct voltages.

In the present embodiment, however, the gray-scale volt-
age generator 101 A 1s provided with 139 resistors to gener-
ate 160 gray-scale voltages for displaying 256 gray-scale
levels on the LCD panel. That 1s, the gray-scale voltage gen-
crator 101 A generates 64 gray-scale voltages V0, V1,
V2,...V30,V31,V224,V225,V226,...V254, and V255
with an 8-bit accuracy 1n the nonlinear region of characteris-
tic of liqud crystal transmittance with respect to applied
voltage. On the other hand, in the linear region of character-
1stic of liquid crystal transmittance with respect to applied
voltage, the gray-scale voltage generator 101 A generates 96
gray-scale voltages, V32, V34, . . . V220, and V222 with a
7-bit accuracy. Therefore, the gray-scale voltage generator
101A generates 160 different gray-scale voltages 1n total to
output the voltages to the gray-scale voltage selector block
102A.

The gray-scale voltage selector block 102A 1s configured
similarly to the gray-scale voltage selector block 1n the con-
ventional drive circuit of FIG. 1. As shown 1n FIG. 8, 1n
accordance with the values of all of the bits B0—B7 of the
digital video data, the gray-scale voltage selector block
102A also selects, as a voltage V..~ one voltage from the
160 gray-scale voltages that are mput from the gray-scale
voltage generator 101 A. For the magnitudes of digital video
data residing within the range of 0 to 31, voltages V0, V1,
V2, ...and V31 are selected as voltage V ;. For the magni-
tudes of digital video data residing within the range of 32 to
223, voltages V32, V34, V36, . . . and V222 are seclected as
voltage V ., For the magnitudes of digital video data resid-
ing within the range of 224 to 255, voltages V224, V225,
V226, . .. and V255 are selected as output voltages V.

In accordance with the value of a control signal 151A
input from the least-significant-bit controller 103 A, the out-
put stage amplifier block 104A selects and outputs, as an
output voltage V ,,,, the voltage V.- input from the gray-
scale voltage selector block 102A or the voltage V ;.- added
by an offset voltage a, as detailed below.

An output amplifier 1n the output stage amplifier block
104 A 1s configured as shown 1n FIG. 9. The output amplifier
has the configuration of a voltage follower modified for con-
trolling the output voltage V ,, depending on the output
signal 151 A from the least-significant-bit controller 103 A.
More specifically, the output amplifier includes a pair of
current sources for generating constant currents I1 and 12, a
pair of p-ch transistors P1 and P2 acting as a differential pair
at a specified situation, a pair of n-ch transistors N1 and N2
forming a current mirror, a p-ch transistor connected 1n par-
allel with the p-ch transistor P3, and an n-ch transistor hav-
ing a gate connected to the drain of the p-ch transistors P2
and P3, a source connected to the gate of the p-ch transistor
P1 and a drain connected to the ground. The gate of p-ch
transistor P3 1s connected to the output V.- of the gray-
scale voltage selector 102A. The gate of p-ch transistor P2 1s
connected to either the VDD line or the output V.- of the
gray-scale voltage selector 102A through the switch SW1
depending on the output 151A of the least-significant-bit
controller 103A. The p-ch transistor P2 has a significantly
smaller dimension compared to the p-ch transistor P3.

With p-ch transistor P2 and the switch SW1 being
neglected, the output amplifier acts as a voltage follower,
which allows the output voltage V .+ to follow the input
voltage V .01 the output amplifier. This state 1s achieved by
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connecting the gate of p-ch transistor to the VDD line by the
switch SW1. When the gate of p-ch transistor P2 1s con-
nected to the output V.- of the gray-scale voltage selector
102 A, the differential pair has some unbalance therebetween
in the ON-current and allows the output voltage V ;- to
exceed the V.. by a specified minute voltage or the offset
voltage a.. The magnitude of o 1s determined at a half of the
difference between adjacent two of the gray-scale voltages.

If the differential pair are implemented by n-ch
transistors, the gate of the parallel transistor 1s maintained at
the ground potential or the output V..~ of the gray-sale volt-
age selector 102A by the switch SW1.

Retferring to FIG. 10, the least-significant-bit controller
103 A 1ncludes a coincidence circuit 301 and an AND gate
302. As can be seen clearly from FIG. 10, when all of the
three significant bits BS-B7 of video data assume “0”” or 17,
the comcidence circuit 301 outputs a high level and the least
significant bit B0 1s disabled, thereby allowing the AND gate
302 to output a low level control signal 151 A. On the other
hand, when any one of the three significant bits B5-B7 of the
video data assumes a value different from those of other two
significant bits, the coincidence circuit 301 outputs a low
level signal, and thus the AND gate 302 outputs a low level
or a high level control signal 151 A depending on the least
significant bit B0. The switch SW1 couples the gate of p-ch
transistor to the output V - of the gray-scale voltage selec-
tor 102 A when the control signal 151 A assumes a low level,
whereas coupled to the VDD line when the control signal
151 A assumes a high level.

Therefore, as shown in FIG. 8, the value of the output
voltage V ;- that 1s provided by the output stage amplifier
block 104 A varies depending on the magmtude of the video
data. More specifically, for the magnitude of digital video
data residing within the range of 0 to 31, the output voltage
V or-assumes VO, V1, V2, . .. and V31. For the magnitude
of digital video data residing within the range of 32 to 223,
the output voltage V ,,,~ assumes V32, V32+a, V34, V34+

. V222, V222+a. For the magmtude of digital video
data residing within the range of 224 to 2535, the output
voltage V ,, assumes V224, V2235, V226, . . . and V255. It
1s to be noted that the value of the offset voltage . 1s deter-
mined about one half the difference between the voltages of
V126 and V128, for example, of a typical LCD panel by
adjusting the size of the p-ch transistor P2, the gate of which
1s coupled to the V- or VDD through the switch SW1, and
the p-ch transistor P3 paired therewith. As a concrete
example, the oflset voltage a 1s set within the rage from 5
mV to 10 mV.

Of the voltages to be output by the gray-scale voltage
generator 101A, the voltages to be output 1n the nonlinear
region may be changed from V32,V34, ... and V222 to V33,
V35, . .. and V223. In this case, the least-significant-bit
controller 103 A should be configured differently to supply a
different voltage through the switch SW1. This may allow
the output stage amplifier block 104A to be adapted such
that the voltage V ,,,,-input from the gray-scale voltage selec-
tor block 102A remains unchanged as the output voltage
V -7 for the magnitude of digital video data of 33, 35, . ..
and 223. In addition, the output stage amplifier block 104 A
may be adapted such that the voltage V.. input from the
gray-scale Voltage selector block 102A, subtracted by the
oflset voltage 1s output as the output Voltage V o7 101 the
magnitude of digital video data of 32, 34, .. . and 222.
| Second Embodiment]

Referring to FIG. 11, there 1s shown the configuration of
the main portion of a drive circuit according to a second
embodiment of the present invention. The overall configura-
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tion 1s similar to that shown 1n FIG. 6. A gray-scale voltage
generator 101B 1s similar to the gray-scale voltage generator
906. A group of 240 gray-scale voltage selectors 102B con-
stitutes the gray-scale voltage selector block. A least-
significant-bit controller 103B 1s included in the second
embodiment. A group of 240 output stage amplifiers con-
stituents the output stage amplifier block 104B. The output

stage amplifier block 104B has a configuration similar to
that the output amplifier block 905 shown 1n FIG. 1 added by

resistors and switches.

The gray-scale voltage generator 101B 1s configured simi-
larly to that shown i FIG. 2 and divides mput gray-scale
reference voltages (VGO to VGn). In general, to display 64
levels of gray scale data solely by means of the gray-scale
voltage selector 102B, the selector block 102B i1s provided
with 63 resistors to generate 64 distinct voltages. Similarly,
to display 256 levels of gray scale data solely by means of
the gray-scale voltage selector 102B, the selector block
102B 1s provided with 235 resistors to generator 256 distinct
voltages.

In the present embodiment, however, the gray-scale volt-
age generator 101 B 1s provided with 111 resistors to gener-
ate 112 voltages. More specifically, the gray-scale voltage
generator 101B generates 64 gray-scale voltages V0, V1,
V2,...V30,V31,V224,V225,V226,...V254, and V255
with an 8-bit accuracy in the nonlinear region of characteris-
tic of liqud crystal transmittance with respect to applied
voltage. On the other hand, in the linear region of character-
1stic of liquid crystal transmittance with respect to applied
voltage, the gray-scale voltage generator 101B generates 48
gray-scale voltages V32, V36, . . . V216, and V220 with a
6-bit accuracy. Therefore, the gray-scale voltage generator
101B generates 112 different gray-scale voltages in total to
output the voltages to the gray-scale voltage selector block
102B.

The gray-scale voltage selector block 102B 1s configured
similarly to a combination of two of the conventional gray-
sale voltage selector block shown i FIGS. 4 and 5. As
shown 1n FIG. 12, 1n accordance with the values of all of the
bits B0—B7 of the digital video data, the gray-scale voltage
selector block 102B also selects, as voltages V,,, V,, two
adjacent voltages from the 112 gray-scale voltages that are
input from the gray-scale voltage generator 101B. More
specifically, for the magnitude of digital video data residing
within the range of O to 31, voltages V0, V1, V2, ... and V31
are selected as voltage V,,. For the magnitude of digital
video data residing within the range of 32 to 223, voltages
V32,V36,V40, ... and V220 are selected as voltage V 5. For
the magnitude of digital video data residing within the range
of 224 to 255, voltages V224, V225, V226, . . . and V255 are
selected as voltage V,,. Furthermore, for the magnitude of
digital video data residing within the range of 0 to 31, volt-
ages V1,V2,V3, ... and V32 are selected as voltage V,,. For
the magnitude of digital video data residing within the range
of 32 to 223, voltages V36, V40, V44, . . . and V224 are
selected as voltage V,,. For the magnitude of digital video
data residing within the range of 224 to 253, voltages V225,
V226,V227, ... and V255 are selected as voltage V..

In accordance with the value of a control signal 151B
input from the least-significant-bit controller 103B, the out-
put stage amplifier block 104B outputs, as output voltage
V o the voltage generated 1n accordance with the voltages
V,, V, are input from the gray-scale voltage selector block
102B.

As shown 1n FIG. 13, the output stage amplifier block
104B 1ncludes four resistors for dividing the voltage
between V,, and V,, switches SW2 to SW3 for selecting a
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voltage at any one of the tap points of the resistors or the
voltage V ,,, and a buffer amplifier A1 for reducing the output
impedance of the switches SW2 to SW5. The switches SW2
to SWS are controlled by the control signal 151B that 1s
output from the least-significant-bit controller 103B.

When the control signal 151 B selects the switch SW2, the
voltage V ,, - becomes equal to the voltage V,,. When the
control signal 151B selects the switch SW3, the voltage
V o7 becomes equal to (34)V ,+(V4)V .. When the control
signal 151B selects the switch SW4, the voltage V.,
becomes equal to (%4)V ,+(%4)V . When the control signal
151B selects the switch SW4, the voltage V ;- becomes
equal to (4)V ,+(34)V,,.

As shown 1n FIG. 14, the least-significant-bit controller
103B includes a coincidence circuit 301, a 2-to-4 line
decoder 303, an OR gate 304, and AND gates 305 to 307.
The output terminal of the OR gate 304 1s connected to a
control terminal C2 of the switch SW2. The output terminal
of the AND gate 305 1s connected to a control terminal C3 of
the switch SW3. The output terminal of the AND gate 306 1s
connected to a control terminal C4 of the switch SW4. The
output terminal of the AND gate 307 1s connected to a con-
trol terminal C5 of the switch SWS3S.

As can be seen clearly from FIG. 14, when all the values
of the three significant bits B5—B7 of video data assume “0”

r “1”, the coincidence circuit 301 outputs a high level
signal, thereby causing the OR gate 304 to output a high
level signal and the AND gates 305-307 to output a low level
signal. Therefore, at this time, of the switches SW2 to SWS5,
only the switch SW2 1s turned on. On the other hand, when
any one of the three significant bits B5-B7 of the video data
assumes a value different from the values of other two sig-
nificant bits, the comcidence circuit 301 outputs a low level
signal. Then, the OR gate 304 and the AND gates 305-307
output a low level or a high level control signal 151B
depending on the value of the less significant two bits B0 and
B1. Therefore, at this time, 1n accordance with the value of
the less significant two bits B0 and B1 of the video data, one
of the switches SW2 to SW3 1s turned on and other switches
are turned off.

Therefore, as shown in FIG. 12, the value of the output
voltage V ., that 1s provided from the output stage ampli-
fier block 104B varies depending on the value of video data.
That 1s, for the magnitude of digital video data residing
within the range of O to 31, the output voltage V ,, ~assumes
V0,V1,V2,...and V31. For the magnitudes of digital video
data residing within the range of 32 to 223, the output volt-
age Vo assumes V32, (34)V32+(14)V36, (24)V3I2+(%4)
V36, (14)V32+(34)V36, V36, . . . V220, (34)V220+(14)
V224, (34)V220+(34)V224, and (V4)V220+(34)V224. For
the magnitude of digital video data residing within the range
of 224 to 255, the output voltage V ,,,~-assumes V224, V225,
V226, ... and V255.

Other examples of the output circuit that can be 1ncorpo-
rated into the output stage amplifier block include a D/A
converter that can generate, from a plurality of reference
voltages, a plurality of voltages greater 1n number than the
reference voltages such as by a switched capacitor method
employing capacitors or a R-2R method employing resis-
tors.

It 1s to be noted that, 1n the first and second embodiments,
the least-significant-bit controller 103 A or 103B determines
whether or not a gray-scale voltage to be displayed 1s within
a linear region, using the coincidence circuit 301 to deter-
mine whether or not all the three significant bits of video
data coincide with each other. The present 1nvention,
however, 1s not limed thereto. For example, as shown 1n FIG.
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15, instead of the coincidence circuit 301, 1t 1s possible to
employ a circuit including two comparators 321 and 322 and
an OR gate 323 for recerving the outputs of these compara-
tors 1 order to set given threshold values TH1 and TH2
indicative of the boundary between the linear and nonlinear
regions.

It 15 also possible to combine the following components in
order to further reduce the scale of the gray-scale voltage
selector block. That 1s,

(1) The gray-scale voltage selector block 102A,

(2) A decoder that replaces the 2-to-4 line decoder 303 to

provide one to four high level outputs in accordance
with the value of the bits B0 and B1, and the OR gate

304 or the least-significant-bit controller 103B with the
output thereof eliminated, and

(3) The switch SW1, and the output stage amplifier block
104 A having three pairs of transistors, the gates of
which are connected to the switch SW1.

As described above, according to the preferred embodi-
ments of the present invention, 1n the linear region of charac-
teristic of liquid crystal transmittance with respect to applied
voltage, the gray-scale voltage selector block selects one or
two voltages 1n accordance with the value of the significant
bits of video data. By using the selected voltages, further
divided voltages are generated in accordance with the value
of the remaining less significant bits of all the bits of the 25
video data. This makes it possible to significantly reduce the

scale of the gray-scale voltage selector block. On the other
hand, 1n the nonlinear region of characteristic of liquid crys-
tal transmittance with respect to applied voltage, a difference
between gray-sale voltages (a difference 1n voltage to obtain 30
the same difference 1n gray scale) 1s greater than in the linear
region and not even. However, the nonlinear region 1s deter-
mined 1n accordance with part of the significant bits to gen-
crate and then select gray-scale voltages with an 8-bit accu-
racy. Thus, this makes 1t possible to display, on a liquid 35
crystal display panel, an image with properly expressed lev-
els of gray scale. It 1s also possible to 1mplement, for
example, a full-color display 01 16,770,000 colors by using a
liquid crystal panel of three primary colors and three drive
circuit systems when employed accordingly. 40

Furthermore, according to the embodiments, the scale of
the gray-scale voltage selector block can be reduced. Even
with an increase 1n scale of the output circuit, 1t 1s possible to
reduce the entire scale of the drive circuit.

The conventional 8-bit resistor string method requires that 45
the gray-scale voltage selector blocks be provided per one
output with a decoder complaint with 256 levels of gray
scale and 256 switches. In contrast, the first embodiment
requires that the gray-scale voltage selector blocks be pro-
vided per one output only with a decoder compliant with 160 50
levels of gray scale and 160 switches. Furthermore, the sec-
ond embodiment requires that the gray-scale voltage selector
blocks be provided per one output only with two sets of a
decoder complaint with 112 levels of gray scale and 112
switches. 55

With the reduced number of gray scale levels to be output
by the gray-scale voltage selector blocks, the number of gray
scale levels to be tested 1s also reduced. This makes 1t pos-
sible to carry out the test of the chip 1n a shorter time and
thereby reduce the cost of the chip. It 1s not necessary to test 60
the output circuit on all levels of gray scale, and mstead, 1t 1s
suificient to test all the combinations of the control signals.

Since the above embodiments are described only for
examples, the present invention 1s not limited to the above
embodiments and various modifications or alternations can 65
be easily made therefrom by those skilled in the art without
departing from the scope of the present invention.
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What 1s claimed 1s:

1. A dnive circuit for driving a display unit comprising:

a gray-scale level voltage generator for generating a plu-
rality of gray-scale level voltages, said gray-scale volt-
ages corresponding to magnitudes of possible video
data 1in one-to-one correspondence in a non-linear
region of characteristic of liquid crystal transmittance
and corresponding to magnitudes of possible video data
1n one-to-n correspondence 1n a linear region of charac-
teristic of liquid crystal transmittance where n 1s an
integer larger than one;

a gray-scale voltage selector block for responding to input
video data to select one of said gray-scale level volt-
ages;

a judgement section for judging whether a magnitude of
an 1mnput video data resides within the non-linear region

or the linear region to output a judgement signal 1ndi-
cating the non-liner region or the linear region; and

an output circuit for responding to said judgement signal
to output said one of said gray-scale level voltages
selected by said gray-scale voltage selector block when
said judgment signal indicates the non-linear region
and output one of said gray-scale voltages or an inter-
mediate voltage when said judgement signal indicates
the linear region, the intermediate voltage residing
between two of adjacent gray-scale voltages.

2. The drive circuit as defined 1n claim 1, wherein given n

1s two.

3. The drive circuit as defined in claim 1, wherein said
output circuit includes a modified voltage follower for gen-
erating one of said gray-scale voltages or an adjacent inter-
mediate voltage, said modified voltage follower being con-
trolled to equalize the input and output thereof or to
differentiate the mput and the output thereof by a specified
voltage.

4. The drive circuit as defined 1n claim 1, wherein said
judgement circuit includes a coincidence circuit for judging,
whether or not a plurality of significant bits of the video
signal coincides.

5. The drive circuit as defined 1n claim 1, wherein given n
1s four.

6. The drive circuit as defined 1n claim 5, wherein said
output circuit includes an iterpolation circuit for generating
a plurality of intermediate voltages between adjacent two of
said gray-scale voltages.

7. The drive circuit as defined in claim 6, wherein said
interpolation circuit includes a resistor string.

8. The drive circuit as defined 1n claim 5, wherein said
judgement circuit includes a coincidence circuit for judging,
whether or not a plurality of significant bits of the video
signal coincide with one another.

9. A driver for driving a display in response to a plurality
of input data, each of said input data comprising a plurality
of bits, said driving circuit comprising:

a gray shade voltage generation circuit generating a plu-
rality of gray shade voltages, the number of said gray
shade voltages being determined by the number of said
bits of said input data, said gray shade voltages being
divided into first and second groups of gray shade
voltages, said first group of gray shade voltages being
generated by a resistance string cirvcuit and said second
group of gray shade voltages being generated based on
at least two different ones of first group of gray shade
voltages;

a plurality of output terminals coupled to said display
device; and
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a plurality of selector circuits, each of said selector cir-
cuits selecting one of said gray shade voltages in
response to information of an associated one of said
input data, said one of said gray shade voltages being
supplied to an associated one of said output terminals.

10. The driver as claimed in claim 9, further comprising
at least two resistors for voltage dividing by using selected
two voltages from first group of gray shade voltages to pro-
duce said second group of gray shade voltages.

11. The driver as claimed in claim 10, wherein said selec-
tor selecting an associated one of said first group of gray
shade voltages when said display device is driven with a first
input data corresponding to a non-linear vegion of charac-
teristic of liquid transmittance, selecting an associated one
of said first group of gray shade voltages when said display
device is driven with a second input data corresponding to a
linear region of characteristic of liquid transmittance,
selecting an associated one of said second group of gray
shade voltages when said display device is driven with a
third input data corresponding to said linear region of char-
acteristic of liquid transmittance.

12. A driver for driving a display device, comprising:

a gray shade voltage generating circuit having a vesistor
string, said vesistor string having a first portion pro-
ducing a first group of gray shade voltages, said resis-
tor string having a second portion producing a second
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group of gray shade voltages, said vesistor string hav-
ing a third portion between said first and second por-
tions producing a thivd group of gray shade voltages;

a selector selecting an associated one of said first and
thivd groups of gray shade voltages when said display
device is driven with a first input data corresponding to
said non-linear region of characteristic of liquid
transmittance, selecting an associated one of said thivd
group of gray shade voltages when said display device
is driven with a second input data corresponding to a
linear vegion of characteristic of liquid transmittance,
selecting a gray shade voltage produced from associ-
ated two ones of said thivd group of gray shade voltages

when said display device is driven with a third input
data corresponding to said linear vegion of character-

istic of liquid transmittance; and

an amplifier amplifving a gray shade voltage outputted
from said selector to apply the amplified gray shade
voltage to said display device.

13. The driver as claimed in claim 12, said selector
including at least two resistors to perform a voltage dividing
by using adjacent two gray shade voltages to generate said
gray shade voltage produced from associated two ones.
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