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7) ABSTRACT

A drive voltage generator circuit is provided for developing
drive voltages used for driving an LCD panel. The drive
voltage generator circuit is composed of a breeder, a buffer
amplifier, a switch circuitry, and a set of first to N-th output
terminals on which the drive voltages are developed, respec-
tively. The breeder develops a set of first to N-th different
voltages on first to N-th nodes, respectively, N being any
integer equal to or more than 2, and the first to N-th voltages
being associated with grayscale levels, respectively. The
switch circuitry switches connections among an input and an
output of the buffer amplifier, the first to N-th nodes, and the
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Fig. oA
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Fig. 8A
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Fig. 8C
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Fig. 13
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Fig. 14
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DRIVE VOLTAGE GENERATOR CIRCUIT FOR
DRIVING LCD PANEL

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to drive voltage gen-
erator circuits, LCD (liquid crystal display) drivers, and
liquid crystal display apparatuses. More particularly, the
present invention relates to generation of drive voltages
(which may be called grayscale voltages) within LCD
drivers.

[0003]

[0004] Recent mobile electronic apparatus, such as cellu-
lar phones, often incorporate liquid crystal display appara-
tuses for man-machine interface. Requirements of liquid
crystal display apparatuses incorporated within mobile elec-
tronic apparatuses include reduction in the circuit size and
power consumption of hardware implementations. One
approach for reducing the circuit size and power consump-
tion is to incorporate a reduced number of circuitries within
liquid crystal display apparatuses.

[0005] A typical liquid crystal display apparatus is com-
posed of an LCD driver and an LCD panel. A typical LCD
driver includes a grayscale voltage generator and a drive
circuitry. The grayscale voltage generator generates a set of
different grayscale voltages. The drive circuitry selects the
grayscale voltages in response to pixel data, which are
digital data representative of desired grayscale levels of the
associated pixels, and outputs the selected grayscale volt-
ages to drive the associated signal lines {or data lines) within
the LCD panel.

[0006] In order to drive signal lines within an LCD panel
immediately, driving the signal lines are often achieved by
using buffer amplifiers incorporated within the LCD driver,
which are each composed of a source follower having a gain
of 1.

[0007] Inatypical LCD driver configuration, as disclosed
as a prior art in Japanese Laid-Open Patent Application No.
P2002-108301A, buffer amplifiers are provided for respec-
tive LCD driver outputs used for providing desired drive
voltages for signal lines of an LCD panel.

[0008] FIG. 1 illustrates the disclosed LCD driver struc-
ture. The disclosed LCD driver is composed of a serial-
parallel shift register 1, a set of m data latches 2, a load latch
circuit 3, a level shifter 4, a digital/analog (D/A) converter
5, a buffer amplifier circuit 6, and a breeder 7, m being a
natural number. The buffer amplifier circuit 6 composed of
a set of m buffer amplifiers 6, to 6, outputs of which are
respectively connected to m signal lines disposed within an
LCD panel through a set of m outputs terminals of the LCD
driver.

[0009] The shift register 1 is used to develop a set of m
latch signals in response to an externally inputted shift pulse
signal and transfer clock. The shift register 1 sequentially
latches and shifts data bits of the shift pulse signal in
synchronization with a transfer clock, and thereby develops
the set of m latch signals on the parallel outputs.

[0010] The data latches 2 are each designed to latch the
associated pixel data in synchronization with the associated
latch signal.

2. Description of the Related Art
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[0011] The load latch circuit 3 latches the outputs of the
data latches 2 in response to a load signal at the same timing.

[0012] The level shifter 4 provides level shifting between
the outputs of the load latch circuit 3 and the inputs of the
D/A converter 5.

[0013] The breeder 7 divides an external voltage by using
a set of serially connected resistors, and thereby generates a
set of n (=2%) different grayscale voltages, k being a natural
number.

[0014] The D/A converter 5 selects one of the grayscale
voltages for each signal line in response to the associated
pixel data.

[0015] The buffer amplifiers 6, to 6, receive the associ-
ated grayscale voltages from the D/A converter §, and
provide buffering for the received grayscale voltages to
develop a set of drive voltages. The drive voltages outputted
from the buffer amplifiers 6, to 6, are substantially identical
to the associated grayscale voltages, received from the D/A
converter 5. The drive voltages are outputted to the signal
lines of the LCD panel.

[0016] One drawback of this LCD driver architecture is
that this LCD driver architecture requires increasing the
number of the buffer amplifiers 6, to 6_, for increasing the
number of the outputs of the LCD driver. Increasing the
screen size and/or fineness of the liquid crystal panel
requires increasing the number of the signal lines of the
liquid crystal panel, that is, the number of the buffer ampli-
fiers disposed within the LCD driver. The increased number
of the buffer amplifiers undesirably increases the circuit size
and power consumption of the LCD driver.

[0017] In order to solve this drawback, an improved LCD
driver structure has been proposed in the aforementioned
Japanese Laid-Open Patent Application No. P2002-
108301A, which incorporates one buffer amplifier for each
grayscale voltage. This effectively allows increasing the
number of LCD driver outputs without increasing the num-
ber of buffer amplifiers.

[0018] FIGS. 2 and 3 illustrate the proposed LCD driver
structure. Referring to FIG. 2, the disclosed LCD driver is
composed of a serial-parallel shift register 1, a set of m data
latches 2, a load latch circuit 3, a level shifter 4, a decoder
circuit 21, an output selector circuit 22, a buffer amplifier
circuit 6, and a breeder 7; it should be noted that same
numerals denote the same, similar, or equivalent elements in
the specification. The disclosed LCD driver additionally
includes a pixel data enable circuit 23, a pixel mode circuit
24, and an amplifier enable circuit 25.

[0019] As shown in FIG. 3, the buffer amplifier circuit 6
and the breeder 7 constitute a drive voltage generator circuit
10 that generates a set of drive voltages associated with
grayscale levels, while the load latch circuit 3, the decoder
circuit 21, and the output selector circuit 22 constitute a
drive circuitry 20 designed to output a selected one of the
drive voltages on each output terminal.

[0020] The breeder 7 is composed of a set of resistor
elements R, to R serially connected between the power
supply Vi and ground V; to generate n different grayscale
voltages associated with different grayscale levels; n is the
number of available grayscale levels, equal to 2¥, where k is
the number of data bits of each pixel data. The resistor
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element R, is connected to the adjacent resistor element
R withanode TP, disposed therebetween, where w is any
integer ranging from 1 to n. Such connection provides
different voltages on the nodes TP, to TP ; the voltages
developed on the nodes TP, to TP, are denoted by numerals
V, to V,, respectively.

[0021] The buffer amplifier circuit 6 includes a set of n
buffer amplifiers AM, to AM_ each having a gain of 1. The
inputs of the buffer amplifiers AM; to AM, are connected to
the node TP, to Tp,, respectively. The buffer amplifiers AM;
to AM,, provide buffering for the grayscale voltages received
from the nodes TP; to TP, respectively. The buffer ampli-
fiers AM; to AM, develops drive voltages on the output
terminals, denoted by numerals LV, to LV, respectively.
The drive voltages developed on the output terminals LV, to
LV, are ideally identical to the voltages V; to V,_ developed
on the nodes TP, to TP,, respectively. The drive voltages
developed on the output terminals LV, to LV are used for
driving the signal lines of the LCD panel, denoted by
numeral 30 in FIG. 3.

[0022] The load latch circuit 3 is composed of a set of m
latches 3, to 3_, and the decoder circuit 21 is composed of
a set of m decoders 21, to 21_. Additionally, the output
selector circuit 22 is composed of a set of multiplexers 22,
to 22 that functions as D/A converters. The outputs of the
latches 3, to 3 are connected to the inputs of the decoders
21, to 21, respectively. The outputs of the decoders 21, to
21 are connected to the select inputs of the multiplexers 22,
to 22, respectively. The outputs of the multiplexers 22, to
22 are connected to the output terminals of the LCD driver,
which are denoted by symbols OUT, to OUT,_, respectively.
The output terminals OUT, to OUT,, are connected to the
signal lines of the LCD panel 30.

[0023] The latches 3, to 3, latch externally inputted k-bit
pixeldata D, to D_, respectively, in synchronization with an
externally inputted transfer clock CLK. The latched k-bit
pixeldata D, to D, are provided for the decoders 21, to 22,

[0024] The decoders 21, to 22, decode the pixel data D,
to D
[0025] The multiplexers 22, to 22, are each designed to

select among the voltages V, to V,, developed on the output
terminals LV, to LV, in response to the decoded pixel data
D, to D, respectively. When a pixel data D, is “111111”
with k=6, v being a natural number ranging from 1 to n, the
multiplexer 22, selects the voltage V, out of the voltages V,
to V. When a pixel data D_ is “000000”, on the other hand,
the multiplexer 22, selects the voltage V; out of the voltages
V; to V.. The multiplexers 22, to 22, provide the selected
voltages for the LCD panel 30 through the associated output
terminals OUT, to OUT,,.

[0026] An advantageous feature of the LCD driver struc-
ture shown in FIG. 3 is that the LCD driver is allowed to
have an increased number of output terminals without
increasing the number of the buffer amplifiers; the number
of the buffer amplifiers is limited to the number of the
available grayscale levels.

[0027] Recent requirements include the increase in the
number of available grayscale levels; however, the LCD
driver structure shown in FIG. 3 suffers from a problem that
the number of the buffer amplifiers is increased in proportion
to the number of available grayscale levels. In order to

Jul. 28, 2005

achieve 260k-color display, for example, the LCD driver
structure shown in FIG. 3 requires 64 buffer amplifiers; it
should be noted that 260k-color display requires 64 gray-
scale levels for each R, G, B color component. The LCD
driver structure shown in FIG. 3 requires 256 or 1024 buffer
amplifiers for achieving natural grayscale display, involving
256 (=2°) or 1024 (2,,) grayscale levels for each R, G, B
color component. As described above, the LCD driver
structure shown in FIG. 3 requires increasing the number of
the buffer amplifiers for increasing the number of available
grayscale levels. This undesirably increases the circuit size
and power consumption of the hardware implementation of
the LCD driver.

[0028] Japanese Laid Open Patent Application No. P2000-
98331A discloses another LCD driver structure for reducing
the number of voltage followers within an LCD driver;
however, this LCD driver structure addresses achieving
frame-inversion driving of LCD segment display panels
with a reduced number of voltage followers, and does not
provide grayscale display.

SUMMARY OF THE INVENTION

[0029] In an aspect of the present invention, a drive
voltage generator circuit is provided for developing drive
voltages used for driving an LCD panel. The drive voltage
generator circuit is composed of a breeder, a buffer amplifier,
a switch circuitry, and a set of first to N-th output terminals
on which the drive voltages are developed, respectively. The
breeder develops a set of first to N-th different voltages on
first to N-th nodes, respectively, N being any integer equal
to or more than 2, and the first to N-th voltages being
associated with grayscale levels, respectively. The switch
circuitry switches connections among an input and an output
of the buffer amplifier, the first to N-th nodes, and the first
to N-th output terminals.

[0030] This architecture of the drive voltage generator
circuit only requires one buffer amplifier for developing N
drive voltages associated with N different grayscale levels,
and therefore effectively reduces the number of buffer
amplifiers for driving the LCD panel. This effectively
reduces the power consumption and circuit size of the LCD
driver.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1 is a block diagram illustrating a conven-
tional LCD driver structure;

[0032] FIG. 2 is a block diagram illustrating another
conventional LCD driver structure;

[0033] FIG. 3 is a detailed block diagram illustrating the
conventional LCD driver structure shown in FIG. 2;

[0034] FIG. 4 is a block diagram illustrating an exemplary
structure of an LCD driver in a first embodiment;

[0035] FIGS. 5A and 5B are circuit diagrams illustrating
an exemplary structure and operation of a buffer circuitry
disposed within the LCD driver in the first embodiment;

[0036] FIG. 6 is a timing chart illustrating the operation of
the buffer circuitry in the first embodiment;

[0037] FIG.7 is a block diagram illustrating an exemplary
structure of an LCD driver in a second embodiment;
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[0038] FIGS. 8A to 8C are circuit diagrams illustrating an
exemplary structure and operation of a buffer circuitry
disposed within the LCD driver in the second embodiment;

[0039] FIG.9is a timing chart illustrating the operation of
the buffer circuitry in the first embodiment;

[0040] FIG. 10 is a block diagram illustrating an exem-
plary structure of an LCD driver in a third embodiment;

[0041] FIGS. 11A to 11C are circuit diagrams illustrating
an exemplary structure and operation of a buffer circuitry
disposed within the LCD driver in the third embodiment;

[0042] FIG. 12 is a timing chart illustrating the operation
of the buffer circuitry in the third embodiment;

[0043] FIG. 13 is a circuit diagram illustrating a preferred
structure of the buffer circuitry in the first embodiment;

[0044] FIG. 14 is a circuit diagram illustrating a preferred
structure of the buffer circuitry in the second embodiment;
and

[0045] FIG. 15 is a timing chart illustrating a preferred
operation of the buffer circuitry in the second embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0046] Preferred embodiments of the present invention
will be described in detail with reference to the attached
drawings. It should be noted that same numerals denote
same, or like components in the attached drawings.

First Embodiment

[0047]

[0048] In a first embodiment, as illustrated in FIG. 4, a
liquid crystal display apparatus is composed of an LCD
panel 30, and an LCD driver including a drive voltage
generator circuit 40 and a driver circuitry 20. The driver
circuitry 20 is connected to the drive voltage generator
circuit 40 and also to the LCD panel 30.

[0049] The drive voltage generator circuit 40 is composed
of a breeder (voltage generator) 41, and a buffer circuitry 42,
and a switch control circuit 43,

[0050] The breeder 41 is comprised of a set of resistor
elements R, to R, serially connected between the power
supply V; and ground V; to generate n different voltages
associated with grayscale levels; n being the number of
available grayscale levels, equal to 2¥, where the k is the
number of data bits of each pixel data. The resistor element
R; is connected to the adjacent resistor element R, ; with a
node TP; disposed therebetween, and the resistor clement
R is connected to the adjacent resistor element R, , with a
node TP; ,, where j is any even number equal to or less than
n. Such connection provides different voltages on the nodes
TP, to TP,; the voltages developed on the nodes TP, to TP,
are denoted by numerals V; to V_, respectively. It should be
noted that the voltages V; to V_ satisfy the following
relation:

[0051]

[0052] The buffer circuitry 42 is composed of a set of n/2
buffer modules M, to M, ,, each including an input switch
module SWa, an output switch module SWb, and a buffer

(System Structure)

Vi<V,<. .. <V

n
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amplifier; the buffer amplifier within the buffer module M;,,
is denoted by numeral AM, ,, hereinafter. Inputs of the input
switch module SWa of the buffer module M;,, are connected
to the nodes TP; and TP, ;. An output of the input switch
module SWa of the buffer module M, is connected to an
input of the buffer amplifier AM;,. An output of the buffer
amplifier AM; , is connected to an input of the output switch
module SWb. Another input of the output switch module
SWhb is connected to the node TP, ; through a bypass line
46 _and the input switch module SWa Outputs of the output
switch module SWb within the buffer amplifier AM;, are
connected to output terminals LV; and LV, ; of the buffer
circuitry 42. The output terminals LV to LV are connected
to the drive circuitry 20 through a set of n signal lines.

[0053] The switch control circuit 43 is responsive to an
externally inputted horizontal sync signal S; for providing a
switch control signal for each of the input and output switch
modules SWa and SWb within each buffer module. The
horizontal sync signal S, is indicative of the beginning of
each horizontal period; the horizontal sync signal S; is
activated at the beginning of each horizontal period. The
duration of each horizontal period is referred to as 1H,
hereinafter. The input switch module SWa within the buffer
module M;, switches connections among the nodes TP,
TP, ,, and the input of the buffer amplifier AM;,, in responsc
to the associated switch control signal received from the
switch control circuit 43. The buffer amplifier AM;,, provide
buffering for the output of the input switch module SWa
within the buffer module M,,,. The output switch module
SWb within the buffer module M;,, switches connections
among the output terminals LV, LVJ 1, the bypass line 46,,,
and the output of the buffer amphﬁer AM, ,, in response 10
the associated switch control signal received from the switch
control circuit 43.

[0054] The structure of the drive circuitry 20, on the other
hand, is similar to that shown in FIG. 3. Specifically, the
drive circuitry 20 is composed of a set of m latches 3, t0 3,
a set of m decoders 21, to 21, and a set of multiplexers 22,
to 22 that functions as D/A converters. The outputs of the
latches 3, to 3, are connected to the inputs of the decoders
21, to 21, respectively. The outputs of the decoders 21, to
21, are connected to the select inputs of the multiplexers 22,
to 22, respectively. The outputs of the multiplexers 22, to
22 are connected to the output terminals of the LCD driver,
which are denoted by symbols OUT; to OUT,_, respectively.
The output terminals OUT, to OUT,, are connected to the
signal lines of the LCD panel 30. The latches 3, to 3 latch
externally inputted k-bit pixel data D, to D_, respectively, in
synchronization with an externally inputted transfer clock
CLK. The clock CLK is synchronous with the horizontal
sync signal S;. The latched k-bit pixel data D, to D are
provided for the decoders 21, to 22 . The decoders 21, to
22 decode the pixel data D, to D,,.

[0055] The multiplexers 22, to 22, are each designed to
select among the voltages V, to V, developed on the output
terminals LV, to LV_ in response to the decoded pixel data
D, to D, respectively. When a pixel data D, is “111111”
with k=6, v being a natural number ranging from 1 to n, for
example, the multiplexer 22, selects the voltage V_ out of
the voltages V, to V. When a pixel data D, is “000000”, on
the other hand, the multiplexer 22 selects the voltage V; out
of the voltages V; to V,. The multiplexers 22, to 22
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provide the selected voltages for the LCD panel 30 through
the associated output terminals OUT, to OUT,, respec-
tively.

[0056]

[0057] FIGS. 5A and 5B illustrate an exemplary arrange-
ment of the buffer modules M, to M,, ..

[0058] The input switch module SWa within the buffer
module M, is composed of a switch 44 having first to third
terminals 44, to 44,. The first terminal 44, receives the
voltage V; , from the node TP, ;, while the second terminal
44, receives the voltage V; from the node TP;. The third
terminal 44, is connected to the input of the buffer amplifier
AM; . The switch 44 connects selected one of the first and
second terminals 44, and 44, to the third terminal 44,.

[0059] The output switch module SWb, on the other hand,
has a switch 45 having first to third terminals 45, 10 45;. The
first terminal 45, is connected to the node TP; ; through the
bypass line 46;,,, and directly receives the voltage V; ; from
the node TP, ;. The second terminal 43, is connected to the
output terminal LV, ;. The third terminal 45, is connected to
the output of the buffer amplifier AM;,. The output of the
buffer amplifier AM;, is also directly connected to the
output terminal LV;.

[0060] One feature of this arrangement is that the buffer
module M;,, uses the buffer amplifier AM; , for driving both
of the outpul terminals LV; and LV;,. Using one buffer
amplifier for driving multiple output terminals of the drive
voltage generator circuit 40 effectively reduces the number
of the buffer amplifiers within the LCD driver.

[0061] Another feature is that the buffer module M;,
provides step-by-step driving for the output terminal that is
latterly driven. This effectively suppress over-shoot of the
voltage on the output terminal LV;.

[0062] More specifically, the buffer module M;, functions
as follows. FIG. 6 is a timing chart illustrating an exemplary
operation of the buffer module M;,, and the switch control
circuit 43.

[0063] When a horizontal period is initiated, as shown in
FIG. 6, the horizontal sync signal S; is activated, and the
voltage on the common electrode of the LCD panel 30
(referred to as the common voltage Vo, hereinafter) is
switched; the common voltage Vq,, is pull down to ground
in this operation.

[0064] Inresponse to the activation of the horizontal sync
signal S;, the switch control circuit 43 switches the switch
control signals provided for the input and output switch
modules SWa and SWb within the buffer module M, to a
first state, referred to as the state “CTRL1”, at the beginning
of the first half of the horizontal period.

[0065] In response to the associated switch control signal
being placed into the state “CTRL1”, as shown in FIG. 3A,
the switch 44 within the input switch module SWa connects
the first terminal 44, with the third terminal 44, and thereby
provides a connection between the node TP, ; and the input
of the buffer amplifier AM,,.

[0066] Additionally, the switch 45 within the output
switch module SWb connects the second terminal 45, with
the third terminal 455 in response to the associated switch
control signal being placed into the state “CTRL1”. In other
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words, the output switch module SWb provides a connection
between the output of the buffer amplifier AM;,, and the
output terminal LV, ;.

[0067] As shown in FIG. 6, this results in that both of the
output terminals LV;_; and LV; are driven to the voltage V;
by the buffer amplifier AM;,, during the first half of the
horizontal period.

[0068] The switch control circuit 43 then switches the
switch control signals to a second state, referred to as the
state “CTRL2”, at the beginning of the latter half of the
horizontal period.

[0069] In response to the associated switch control signal
being switched to the state “CTRL2”, as shown in FIG. 5B,
the switch 44 within the input switch module SWa connects
the second terminal 44, with the third terminal 44, and
thereby provides a connection between the node TP; and the
input of the buffer amplifier AM,,.

[0070] Additionally, the switch 45 within the output
switch module SWb connects the second terminal 45, with
the first terminal 45, in place of the third terminal 455, in
response to the associated switch control signal being placed
into the state “CTRL2”. In other words, the output switch
module SWb provides a connection between the output
terminal LV, ; and the node TP, ; through the bypass line
46, ,, disconnecting the output of the buffer amplifier AM; ,
from the output terminal LV, ;.

[0071] As shown in FIG. 6, this results in that the output
terminal LV; is pulled up to the voltage V; from the voltage
V;.; during the latter half of the horizontal period, while the
voltage developed on the output terminal LV, ; is maintained
at the voltage V,, through connecting the output terminal
LV to the node TP, ; through the bypass line 46, ,.

[0072] Ttshould be noted that driving the output terminals
LV, to LV, to the voltages V, to V_ is only required to be
complete by the end of the horizontal period. Although the
step-by-step driving may cause a specific signal line to be
driven to an undesirable voltage at the middle of the hori-
zontal period, it does not affect the grayscale level finally
represented on the pixels of the LCD panel 30 at the end of
the horizontal period, because the aforementioned step-by-
step driving allows the multiplexers 21, to 21 _ to receive the
voltages V; to V, as required at the end of the horizontal
period, and to develop the desired voltages on the respective
signal lines.

[0073] The order in which the voltages V; and V,, are
developed on the outputs terminals LV; and LV, , is prefer-
ably dependent on the level of the common voltage Vo,
developed on the common electrode of the LCD panel 30.
As described above, for a horizontal period during which the
common voltage Vo, is pulled down to ground, the input
switch module SWa selects the voltage V; ; to output to the
input of the buffer amplifier AM;;, during the first half of the
horizontal period, and then selects the voltage V; during the
latter half of the horizontal period.

[0074] For a horizontal period during which the common
voltage Vo, is pulled up to a power supply voltage, higher
than the voltage V,,, the order in which the voltages V; and
Vi, are sclected by the input switch module SWa is
reversed.
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[0075] Specifically, the input switch module SWa selects
the voltage V; during the first half of the horizontal period,
while the output switch module SWb provides connections
between the output of the buffer amplifier AM;, and both of
the output terminals LV, , and LV,. This resulis in that both
of the output terminals LV, ; and LV, are driven to the
voliage V;.

[0076] During the latter half of the horizontal period, the
input switch module SWa selects the voltage V,_;, while the
output switch module SWb provides a connection between
only the output terminal LV; ; and the output of the buffer
amplifier AM;,; the output terminal LV; is disconnected
from the output of the buffer amplifier AM,,, and directly
connected to the node TP, through an additional bypass line.
This results in that the output terminals LVj_ , is driven to the
voliage V; ; with the output terminal LV; maintained at the
voltage V,.

[0077] In summary, the LCD driver architecture in this
embodiment effectively reduces the power consumption and
circuit size through reducing the number of necessary buffer
amplifiers. Although the architecture in this embodiment
additionally incorporates the set of input and output switch
modules SWa and SWb, the input and output switch mod-
ules SWa and SWb can be implemented with reduced
hardware implementations due to the simplicity.

[0078] Additionally, the L.CD driver architecture in this
embodiment effectively avoids over-shoot of the voltages on
the output terminals of the drive voltage generator circuit 40
through adopting step-by-step driving.

[0079] In an alternative embodiment, the structure of the
input and output switch modules SWa and SWb of the buffer
module M,, may be modified as shown in FIG. 13. In the
structure shown in FIG. 13, the input switch module SWa
within the buffer module M, is composed of a switch 44A
that is responsive to the control signal received from the
switch control circuit 43 for providing an electrical connec-
tion between the node TP, ; and the input of the buffer
amplifier AM;;. The output switch module SWb is com-
posed of a switch 45A that is responsive to the control signal
received from the switch control circuit 43 for providing
electrical connections among the nodes TP, ;, and TP,, the
output of the buffer amplifier AM, ,, and the output terminals
LV, and LV, ;. The switch 45A is designed to electrically
connect selected one of the nodes TP, ; and the output of the
buffer amplifier AM,, to the output terminal LV, ,, and also
to electrically connect selected one of the nodes TP, and the
output of the buffer amplifier AM,, to the output terminal
LV

f
[0080] The buffer module M;, of FIG. 13 cperates as
follows. The operation of the buffer module M, of FIG. 13
divides each horizontal period into first and second periods;
the first period begins at the beginning of each horizontal
period, and the second period follows the first period.
During the first period, the switch 44A within the input
switch module SWa establish an electrical connection
between the node TP, ; to the input of the buffer amplifier
AM;,, and the output switch module SWb establishes
electrical connections between the output of the buffer
amplifier AM;, and the output terminals LV; ; and LV;. This
results in that both of the output terminals LV; ; and LV; are
driven to the voltage V,; by the buffer amplifier AM;,,
during the first period.
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[0081] During the second period, the switch 44A discon-
nects the node TV, from the input of the buffer amplifier
AM,;,, and the switch 54A establishes an electrical connec-
tion between the node TV, ; and the output terminal LV, ,
and also establishes another electrical connection between
the node TV, and the output terminal LV; the output of the
buffer amplifier AM;,, is disconnected from both of the
output terminals LV, ; and LV, This results in that the output
terminal LV; is driven to the voltage V; with the output

terminal LV, ; maintained at the vollage V, ;.

[0082] This operation advantageously achieves further
reduction in the power consumption. The aforementioned
operation allows the buffer amplifier AM;,, to be disenabled
during the second period. This effectively reduces the power
consumption of the buffer module M.

[0083] It is preferable that the duration of the second
period, during which the buffer amplifier AM;,, is discon-
nected from both of the output terminals LV, and LV, is
longer than that of the first period. This is because driving
the output terminal LV; to the voltage V; without using the
buffer amplifier AM;, requires longer duration compared to
the duration necessary for driving the output terminals LV;_,
and LV, using the buffer amplifier AM,,. In an exemplary
operation, the duration of the first period is one-fifth of that
of the horizontal period, while the duration of the second
period is four-fifth of that of the horizontal period.

Second Embodiment

[0084] FIG. 7 illustrates an exemplary structure of a liquid
crystal display apparatus in a second embodiment. The
structure liquid crystal display apparatus in the second
embodiment is similar to that in the first embodiment, except
for that the arrangement of the drive voltage generator
circuit, denoted by numeral 50. The major difference is that
the drive voltage generator circuit 50 uses one buffer ampli-
fier for driving each three output terminals. A detailed
description of an exemplary structure and operation of the
drive voltage generator circuit 50 is given in the following.

[0085] The drive voltage generator circuit 50 is composed
of a breeder 51, a buffer circuitry 52, and a switch control
circuit 53.

[0086] The breeder 51 is comprised of a set of serially
connected resistors R, to R between the power supply V;
and ground V| to generate n different voltages associated
with grayscale levels; n being the number of available
grayscale levels, equal to 2%, where the k is the number of
data bits of each pixel data. The resistor element R, is
connected to the adjacent resistor element R, ; with a node
TP, disposed therebetween, where w is any integer ranging
from 1 to n. Such connection provides different voltages V,
to V, on the nodes TP, to TP,. It should be noted that the
voltages V, to V_ satisfy the following relation:

Vi<V .. <V,

[0087] The buffer circuitry 52 is composed of (n-a)/3
buffer modules M, to M,_qy3, and one or two additional
buffer amplifiers having a gain of 1; a is the remainder
obtained by dividing n by 3. The number of the additional
buffer amplifier(s) is identical to the remainder c. In this
embodiment, one buffer amplifier AM,,; is provided for the
buffer circuitry 52 with n=64, and a=1.
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[0088] The input of the buffer amplifier AM,,; is con-
nected to the node TP, and the output of the buffer amplifier
AM,,, is connected to the output terminal IV,. The buffer
amplifier AM,,, provides buffering for the voltage V,
received from the node TP, to develop the voltage ideally
identical to the voltage V_ on the output terminal LV, .

[0089] The buffer modules M; to M, 5 are each com-
posed of an input switch module SWc, an output switch
module SWd, and a buffer amplifier having a gain of 1; the
buffer amplifier within the buffer module M, ; is denoted by
numeral AM_ 5, hereinafter, where p is any multiple of 3 less
than n, that is, p is any number selected out of 3, 6, . . . , n-a..
Inputs of the input switch module SWc of the buffer module
M, ; are connected to the nodes TP,, TP, ; and TP, ,. An
output of the input switch module SWe is connected to an
input of the buffer amplificr AM,,,;. An output of the buffer
amplifier AM,, ; is connected to an input of the output switch
module SWd. Other two inputs of the output switch module
SWd are connected to the nodes TP, ; and TP, , through a
pair of bypass lines 58 5, 59,5, and the input switch module
SWe. Outputs of the output switch module SWd within the
buffer amplifier AM,; are connected fo output terminals
LV,, LV, ;, and LV , of the buffer circuitry 42. The output
terminals LV, to LV, are connected to the drive circuitry 20
through a set of n signal lines.

[0090] The switch control circuit 53 is responsive to an
externally inputted horizontal sync signal S; for providing a
switch control signal for each of the input and output switch
modules SWc and SWd within each buffer module. The
input switch module SWc within the buffer module M
switches connections among the nodes TP, TP, ;, TP, ,,
and the input of the buffer amplifier AM;, in response to
the associated switch control signal received from the switch
control circuit §3. The buffer amplifier AM,; provide buff-
ering for the output of the input switch module SWec within
the buffer module M,,;. The output switch module SWd
within the buffer module M, ; switches connections among
the output terminals LV, LV, ;, LV, ,, the bypass Lines
58,5, 59,5, and the output of the buffer amplifier AM_, 5, in
response to the associated switch control signal received
from the switch control circuit 53.

[0091] FIGS. 8A to 8C illustrate an exemplary structure
of the buffer module M, ;. The input switch module SWc
within the buffer module M, ; is composed of a switch 54
having first to fourth terminals 54, to 54;. The first terminal
54, receives the voltage V., from the node TP, ,, and the
second terminal 54, receives the voltage V,,; from the node
TP, ;. Furthermore, the third terminal 54, received the
voltage V, from the node TP . The fourth terminal 54,, on
the other hand, is connected to the input of the buffer
amplifier AM,_ ;. The switch 54 connects selected one of the
first to third terminals 54, and 54, to the fourth terminal 54,,.

[0092] The output switch module SWd, on the other hand,
is composed of a pair of switches 56 and 57, each having
three terminals; the switch 56 has first to third terminals 56,
to 565, and the switch 57 has first to third terminals 57, to
57,. The first terminal 56, of the switch 56 is connected to
the node TP, through the bypass line 59, and directly
receives the voltage V,,, from the node TP, ;. The second
terminal 56, is connected to the output terminal LV, ,. The
third terminal 56, is connected to the output of the buffer
amplifier AM_ ;. The first terminal 57, of the switch 57, on

Jul. 28, 2005

the other hand, is connected to the node TP, ; through the
bypass line 58, 5, and directly receives the voltage V _; from
the node TP, ;. The second terminal 57, is connected to the
output terminal LV, ;. The third terminal §7, is connected to
the output of the buffer amplifier AM_, ;. The output of the
buffer amplifier AM ; is also directly connected 1o the
output terminal LV,

[0093] FIG. 9 is a timing chart illustrating an exemplary
operation of the buffer module M, and the switch control
circuit 53.

[0094] When a horizontal period is initiated, as shown in
FIG. 9, the horizontal sync signal S; is activated, and the
common voltage Vg, is switched on the common elec-
trode of the LCD panel; the common voltage Vg, 18 pull
down to ground in this operation.

[0095] 1In response to the activation of the horizontal sync
signal S;, the switch control circuit 53 switches the switch
control signals provided for the input and output switch
modules SWa and SWb within the buffer module M, ; 10 a
first state, referred to as the state “CTRL1”, at the beginning
of the first one-third of the horizontal period.

[0096] In response to the associated switch control signal
being placed into the state “CTRL1”, as shown in FIG. 8A,
the switch 54 within the input switch module SWe connects
the first terminal 54, with the fourth terminal 54,, and
thereby provides a connection between the node TP, , and
the input of the buffer amplifier AM, 5.

[0097] Additionally, the output switch module SWd con-
nects the third terminal 56, with the second terminal 56,
within the switch 56, and also connects the third terminal
57, with the second terminal 57, within the switch 57, in
response to the associated switch control signal being placed
into the state “CTRL1”. In other words, the output switch
module SWd provides connections from the output of the
buffer amplifier AM,,; to the output terminals LV, , and
LV

p-1
[0098] As shown in FIG. 9, this results in that all of the
output terminals LV, ,, LV, ,, and LV are driven to the

voltage V,, by the buffer amplifier AM,,;;, during the first
one-third of the horizontal period.

[0099] The switch control circuit 53 then switches the
switch control signals to a second state, referred to as the
state “CTRL27”, at the beginning of the second one-third of
the horizontal period.

[0100] In response to the associated switch control signal
being switched to the state “CTRL.2”, as shown in FIG. 8B,
the switch 54 within the input switch module SWe connects
the second terminal 54, with the fourth terminal 54, and
thereby provides a connection between the node TP, ; and
the input of the buffer amplifier AM,,5.

[0101] Additionally, the output switch module SWb con-
nects the second terminal 56, with the first terminal 56, in
place of the third terminal 56, within the switch 56, in
response to the switch control signal being placed into the
state “CTRL2”. In other words, the output switch module
SWb provides a connection between the output terminal
LVFr2 and the node TP, through the bypass line 39,
disconnecting the output of the buffer amplifier AM,, ; from
the output terminal LV, ,.
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[0102] As shown in FIG. 9, this results in that the output
terminals LV, _; and LV, is pulled up to the voltage V_; from
the voltage V., while the voltage developed on the output
terminal LV, is maintained at the voltage V., through
connecting the output terminal L'V, , to the node TP,
through the bypass line 59, ;.

[0103] The switch control circuit 53 then switches the
switch control signals to a third state, referred to as the state
“CTRL3”, at the beginning of the final one-third of the
horizontal period.

[0104] Inresponse to the associated switch control signal
being switched to the state “CTRL3”, as shown in FIG. 8C,
the switch 54 within the input switch module SWe connects
the third terminal 54, with the fourth terminal 54,, and
thereby provides a connection between the node TP, and the
input of the buffer amplifier AM, 5

[0105] Additionally, the output switch module SWb con-
nects the second terminal 57, with the first terminal 57, in
place of the third terminal 57, within the switch 57, in
response to the switch control signal being placed into the
state “CTRL3”. In other words, the output switch module
SWb provides a connection between the output terminal
LV and the node TP, , through the bypass line 58
dlsconnectlng the output of the buffer amplifier AM
the output terminal LV ;.

[0106] As shown in FIG. 9, this results in that the output
terminal LV, is pulled up to the voltage V|, from the voltage
V,.1, while the voltages developed on the output terminals
LV, ,and LV, ; are maintained at the voltages V, and V, ;,

respectively.

[0107] Tt should be noted that the order in which the
voltages V, V_;, and V, , are developed on the outputs
terminals LV , LV, ,, and LV, is preferably dependent on
the level of the common voltage Vo, As described above,
for a horizontal period during which the common voltage
V., 18 pulled down to ground, the input switch module SWe
selects the voltage V,, , to output to the input of the buffer
amplifier AM_ durlng the first one-third of the horizontal
period, and then selects the voltage V, ; during the second
one-third of the horizontal period, and finally selects the
voltage V, during the final one-third of the horizontal period.

[0108] For a horizontal period during which the common
voltage Vo, is pulled up to a power supply voltage, higher
than the voltage V., the order in which the voltages V|, V,, 4,
and V_, are selected by the input switch module SWe is

reversed.

[0109] Specifically, the input switch module SWe selects
the voltage V|, during the first one-third of the horizontal
period, while the output switch module SWb provides
connections between the output of the buffer amplifier AM;
and all of the output terminals LV, ,, LV, ;, and LV .. This
results in that all of the output terminals LV_,, LV_ ,, and

X p-2? p-1?
LV, are driven to the voltage V,.

[0110] During the second one-third of the horizontal
period, the input switch module SWc selects the voltage
V.., while the output switch module SWd provides a
connection between only the output terminals LV, and
LV , and the output of the buffer amplifier AM_»; the output
terminal LV, is disconnected from the output of the buffer
amplifier AM, 5, and connected to the node LV, through an

p/3°
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additional bypass line. This results in that the output termi-
nals LV ,and LV, are driven down to the voltage V,,_;, with
the output termmal LV, maintained at the voltage V

[0111] During the final one-third of the horizontal period,
the input switch module SWc selects the voltage V., while
the output switch module SWd provides a connection
between only the output terminal LV, , and the output of the
buffer amplifier AM,,,; the output terminal LV, ; is addi-
tionally disconnected from the output of the buffer amplifier
AM, 5, and connected to the node LV, _; through the bypass
line 58, ;. This results in that the output terminals LV, is
driven down to the voltage V,_, with the output terminals
Lv. and LV, maintained al the voltages V and V
respectlvely

[0112] In an alternative embodiment, each horizontal
period may be divided into first to third time periods having
durations different from the aforementioned embodiment;
the first time period, which initiates at the beginning of the
horizontal period has a longer duration than those of the
following second and third time periods. Specifically, for a
horizontal period during which the common voltage V oy,
is pulled down to ground, the first time period, during which
all of the output terminals LV, ,, LV, _;, and LV  are driven
to the voltage V, , preferably has a duration longer than the
following time periods during which the output terminals
LV and LV, are driven to the voltages V,; and V,,
respectlvely Correspondlngly, for a horizontal perlod durlng
which the common voltage Vo, is pulled up to the power
supply voltage, the first time period during which all of the
output terminals LV, ,, LV, and LV, are driven to the
voltage V, preferably has a duration longer than those of the
following two time periods during which the output termi-
nals LV, ; and LV, are driven to the voltages V_; and V,_,,
respectively. In one preferred embodiment, the first time
period has a duration equal to the half of the horizontal
period (¥:H), and the second and third time periods each
have a duration equal to one-fourth of the horizontal period
(vaH).

[0113] This operation addresses providing the buffer
amplifier AM, ; with sufficient time for driving the output
terminals LV, ,, LV ;, and LV, to the voltage V, (or V)
at the beginning of the horizontal period. As is understood
from FIG. 9, the buffer amplifier AM, ; requires a longer
duration for the drive of the output terminals LV ,. LV, ,
and LV, to the voltage V_, (or V) compared to the
following drives up to the voltages V,, ; and V,, (or down to
the voltages V , and V).

[0114] The above-described LCD driver architecture in
this embodiment provides the same advantages as that
disclosed in the first embodiment. The LCD driver archi-
tecture in this embodiment is also effective for reducing the
power consumption and circuit size through reducing the
number of necessary buffer amplifiers. Additionally, the
LCD driver architecture in this embodiment effectively
avoids over-shoot of the voltages on the output terminals of
the drive voltage generator circuit 50 through adopting
step-by-step driving.

[0115] In another alternative embodiment, the structure of
the input and output switch modules SWc¢ and SWd of the
buffer module M,,; may be modified as shown in FIG. 14.
In the structure shown in FIG. 14, the input switch module
SWec within the buffer module M, ; is composed of a switch
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54A that is responsive to the control signal received from the
switch control circuit 43 for providing an electrical connec-
tion between the node TP, ; and the input of the buffer
amplifier AM_,. The output switch module SWd addition-
ally includes a switch 55 that is responsive to the control
signal received from the switch control circuit 53 for elec-
trically connecting selected one of the input of the buffer
amplifier AM,, ; and the node TP, to the output terminal LV ..

[0116] FIG. 15 is a timing chart illustrating an exemplary
operation of the buffer module M, ; of FIG. 14. The opera-
tion of the buffer module M,; of FIG. 14 divides each
horizontal period into first and second periods; the first
period begins at the beginning of each horizontal period, and
the second period follows the first period.

[0117] During the first period, the switch 54A within the
input switch module SWc establishes an electrical connec-
tion between the node TP, , to the input of the buffer
amplifier AM_, 5, and the output switch module SWd estab-
lishes electrical connections between the output of the buffer
amplifier AM,,; and all of the output terminals LV, ,, LV,
and LV,,. This results in that all of the output terminals LV
LVP_1 and LVP_2 are driven to the voltage Vp_1 by the buffer
amplifier AM_ 5, during the first period.

[0118] During the second period, the switch 54A discon-
nects the node TV, ; from the input of the buffer amplifier
AM, ;. The switches 55, 56, and 57 electrically connect the
nodes TP, ,, TP, ;, and TP, to and the corresponding output
terminals LV, ., LV, and Lv,, respectively; the output of
the buffer amplifier AM,; is disconnected from all of the
output terminals LV, ,, LV ,, and LV,,. This results in that
the output terminal LV, ., is driven down to the voltage Voo
and the output terminal LV, is driven up to the voltage V;

the output terminal LV, ; is maintained at the voltage V..

[0119] This operation advantageously achieves further
reduction in the power consumption. The aforementioned
operation allows the buffer amplifier AM,, to be disenabled
during the second period. This effectively reduces the power
consumption of the buffer module M, ,.

[0120] Tt is important that the output terminals LV, , to
LVP are firstly driven to the voltage V,,, which is an
intermediate voltage between the voltages V ,, and V.
Firstly driving the output terminals LV, , to LV, to the
voltage V,, is effective for reducing the number of the
driving steps; this operation requires only two steps for
driving the three output terminals LV, to TV,

[0121] Tt is preferable that the duration of the second
period, during which the buffer amplifier AM,, , is discon-
nected from both of the output terminals LVP_2 to and LVP,
is longer than that of the first period. This is because driving
the output terminals LVp_2 and LVp to the voltages Vp_2 and
V,, respectively, without using the buffer amplifier AM,,,
requires longer duration compared to the duration necessary
for driving the output terminals LV _, to LV  using the buffer
amplifier AM, ;. In an exemplary operation, the duration of
the first period is one-fifth of that of the horizontal period,
while the duration of the second period is four-fifth of that
of the horizontal period.

Third Embodiment

[0122] FIG. 10 illustrates an exemplary structure of a
liquid crystal display apparatus in a third embodiment. The
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structure liquid crystal display apparatus in the third
embodiment is similar to that in the first embodiment, except
for that the arrangement of the drive voltage generator
circuit, denoted by numeral 60. The major difference is that
the drive voltage generator circuit 60 uses one buffer ampli-
fier for driving all of the output terminals LV to LV,. A
detailed description of an exemplary structure and operation
of the drive voltage generator circuit 60 is given in the
following.

[0123] The drive voltage generator circuit 60 is composed
of a breeder 61, a buffer circuitry 62, and a switch control
circuit 63.

[0124] The breeder 61 is comprised of a set of serially
connected resistors R, to R between the power supply Vi
and ground V; to generate n different voltages associated
with grayscale levels; n being the number of available
grayscale levels, equal to 2%, where the k is the number of
data bits of each pixel data. The resistor element R; is
connected to the adjacent resistor element R, ; with a node
TP, disposed therebetween, where 1 is any integer ranging
from 1 to n. Such connection provides different voltages V,
to V, on the nodes TP, to TP,. It should be noted that the
voltages V, to V satisfy the following relation:

Vi<V< L <V,

[0125] The buffer circuitry 62 is composed of a single
buffer module M. As shown in FIGS. 11A to 11C, the buffer
module M is composed of a bypass multiplexer MUXa, an
input multiplexer MUXDb, an output multiplexer MUXe, and
one buffer amplifier AM having a gain of 1.

[0126] The bypass multiplexer MUXa is inserted into a set
of bypass lines 67, to 67, connected between the nodes TP,
to TP, and the output terminals LV, to LV,. The bypass
multiplexer MUXa is composed of a set of switches 64, to
64, that are disposed between the nodes TP, to TP, and the
output terminals LV, to LV, respectively. The bypass mul-
tiplexer MUXa are designed to receive the voltages V, to V,,
from the nodes TP, to TP,, and to transfer selected one(s) of
the voltages V, to V, 1o the associated one(s) of the output
terminals LV, to LV,.

[0127] The input multiplexer MUXb is connected between
the nodes TP, to TP, and the input of the buffer amplifier
AM. The input multiplexer MUXDb is composed of a set of
switches 65, to 65, connected between the input of the buffer
amplifier AM, and the nodes TP, to TP, respectively. The
input multiplexer MUXb is designed to provide selected one
of the voltages V; to V_ to the input of the buffer amplifier
AM.

[0128] The output multiplexer MUXc is connected
between the output of the buffer amplifier AM and the output
terminals LV, to LV_. The output multiplexer MUXc is
composed of a set of switches 66, to 66, connected between
the output of the buffer amplifier AM, and the output
terminals LV, to LV_, respectively. The output multiplexer
MUXc is designed to connect the output of the buffer
amplifier AM with selected one(s) of the output terminals
LV to LV, which are connected to the drive circuitry 20.

[0129] The switch control circuit 63 is responsive to an
externally inputted horizontal sync signal S;_ for providing a
switch control signal for each of the bypass, input, and
output multiplexers MUXa, MUXb and MUXc. The bypass
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multiplexer MUXa is responsive to the switch control signal
received from the switch control circuit 63 for switching
connections between the nodes TP, to TP, and the output
terminals LV, to LV_. Correspondingly, the input multi-
plexer MUXb is responsive to the switch control signal
received from the switch control circuit 63 for switching
connections between the nodes TP, to TP, and the input of
the buffer amplifier AM, while the output multiplexer MUXc
is responsive to the switch control signal received from the
switch control circuit 63 for switching connections between
the output of the buffer amplifier AM and the output termi-
nals LV, to LV,.

[0130] FIG. 12 is a timing chart illustrating an exemplary
operation of the buffer module M and the switch control
circuit 63. The operation in this embodiment divides each
horizontal period into first to n-th time periods so that the
first time period has a duration longer than the following
time periods. As described later, this is effective for provid-
ing the buffer amplifier AM with efficient time for driving
the output terminals LV, to LV_. In one embodiment, the
first time period has a duration equal to the half of the
horizontal period (%4H), and the remaining time periods (that
is, the second to n-th time periods) has a duration of %(n-1)
times the horizontal period (Y4(n-1)H).

[0131] At the beginning of the first time period, as shown
in FIG. 12, the horizontal sync signal S; is activated, and the
common voltage V., is switched on the common elec-
trode of the LCD panel 30; the common voltage Vg is
pull down to ground in this operation.

[0132] Inresponse to the activation of the horizontal sync
signal S;, the switch control circuit 63 switches the switch
control signals provided for the bypass, input, and output
multiplexers MUXa, MUXb, and MUXc to a first state,
referred to as the state “CTRL1", at the beginning of the first
time period within the horizontal period.

[0133] In response to the switch control signals being
placed into the state “CTRL1”, as shown in FIG. 11A, the
bypass, input, and output multiplexers MUXa, MUXb, and
MUXCc switch connections among the nodes TP, to TP, the
buffer amplifier AM, and the output terminals LV, to LV,.
Specifically, the input multiplexer MUXDb connects the node
TP,, on which the voltage V, is developed, to the input of
the buffer amplifier AM, and the output multiplexer MUXc
connects the output of the buffer amplifier AM to all of the
output terminals LV, to LV,. Additionally, the bypass mul-
tiplexer MUXa disconnects all of the nodes TP, to TP, from
the output terminals LV, to LV_.

[0134] As shown in FIG. 12, this results in that all of the
output terminals TV, to LV, are driven up to the voltage V,
by the buffer amplifier AM, during the first time period
within the horizontal period.

[0135] The switch control circuit 63 then switches the
switch control signals to a second state, referred to as the
state “CTRL2”, at the beginning of the second time period
within the horizontal period.

[0136] In response to the switch control signals being
placed into the state “CTRL2", as shown in FIG. 11B, the
bypass, input, and output multiplexer MUXa, MUXb, and
MUXc then switch connections among the nodes TP; to
TP_, the buffer amplifier AM, and the output terminals LV,
to LV, as described in the following: The input multiplexer

Jul. 28, 2005

MUZXb connects the node TP,, on which the voltage V, is
developed, to the input of the buffer amplifier AM, discon-
necting the remaining nodes TP1, and TP3 to TPn from the
input of the buffer amplifier AM. The output multiplexer
MUZXCc connects the output of the buffer amplifier AM to the
output terminals LV, to LV, disconnecting the output ter-
minal IV, from the output of the buffer amplifier AM.
Additionally, the bypass multiplexer MUXa connects the
node TP, to the output terminal LV, disconnecting the
remaining nodes TP, to TP, from the remaining output
terminals LV, to LV .

[0137] As shown in FIG. 12, this results in that the output
terminals LV, to LV, are driven up to the voltage V, by the
buffer amplifier AM during the first time period within the
horizontal period, while the output terminal LV, is main-
tained at the voltage V;.

[0138] The same goes for the following time periods. At
the beginning of the i-th time period, the switch control
circuit 63 switches the switch control signals to the i-th state
“CTRLi”; 1 is any integer ranging from 3 to n. In response
to the switching of the switch control signals, the bypass
multiplexer MUXa, the input multiplexer MUXb, the output
multiplexer MUXc then switch connections among the
nodes TP, to TP, the buffer amplifier AM, and the output
terminals LV, to LV,. Specifically, the input multiplexer
MUXb connects the node TP;, on which the voltage V; is
developed, to the input of the buffer amplifier AM, discon-
necting the remaining nodes from the input of the buffer
amplifier AM. The output multiplexer MUXc connects the
output of the buffer amplifier AM to the output terminals LV,
to LV, disconnecting the output terminals LV, to LV, ; from
the output of the buffer amplifier AM. Additionally, the
bypass multiplexer MUXa connects the nodes TP, to TP, ;
to the output terminals LV, to LV, j, respectively, discon-
necting the remaining nodes TP; to TP from the remaining
output terminals LV, to LV .

[0139] As shown in FIG. 12, this results in that the output
terminals LV; to LV, are driven up to the voltage V; by the
buffer amplifier AM during the i-th time period within the
horizontal period, while the output terminals LV, to LV, ;
are maintained at the voltages V, to V,_;, respectively.

[0140] As illustrated in FIG. 11C, this procedure eventu-
ally provides the voltages V; to V, on the output terminals
LV, to LV, respectively, during the final n-th time period.

[0141] Tt should be noted that the order in which the
voltages V, to V_ are developed on the outputs terminals
LV to LV, is preferably dependent on the level of the
common voltage Vqy. As described above, for a horizontal
period during which the common voltage Vg, is pulled
down to ground, the buffer module M develops the voltage
V, on all of the output terminals V, to V_ during the first
time period, and then develops the voltage V, on the output
terminals V, to V_ with the output terminal V, maintained at
the voltage V,, during the second time period. The same
goes for the following time period.

[0142] For a horizontal period during which the common
voltage V-, 18 pulled up to a power supply voltage, higher
than the voltage V_, the order in which the voltages V, to V,
are developed on the outputs terminals LV, to LV is
reversed.

[0143] Specifically, during the first time period, the input
multiplexer MUXb connects the node TP_, on which the
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voltage V, is developed, to the input of the buffer amplifier
AM, disconnecting the remaining nodes TP, to TP__, from
the input of the buffer amplifier AM. The output multiplexer
MUXCc connects the output of the buffer amplifier AM to all
of the output terminals TV, to LV, . Additionally, the bypass
multiplexer MUXa disconnects all of the nodes TP, to TP,
from the output terminals LV, to LV . This results in that all
of the output terminals LV, to LV, are driven to the voltage
V..
[0144] During the second time period, the input multi-
plexer MUXb connects the node TP,_;, on which the
voltage V_, is developed, to the input of the buffer amplifier
AM, disconnecting the remaining nodes TP, to TP__,, and
TP from the input of the buffer amplifier AM. The output
multiplexer MUXc connects the output of the buffer ampli-
fier AM to the output terminals LV, to LV _,, disconnecting
the output terminal LV_ from the output of the buffer
amplifier AM. Additionally, the bypass multiplexer MUXa
connects the node TP, to the output terminal LV, discon-
necting the remaining nodes TP, to TP,_; from the remain-
ing output terminals LV, to LV _,. This results in that the
output terminals LV, to LV, _; are driven down to the voltage
V,._1, with the output terminal LV, maintained at the voltage
V..
[0145] The same goes for the following time period.
During the i-th time period with i being any integer ranging
from 3 to n, the input multiplexer MUXb connects the node
TP, ;,1, on which the voltage V,_;,1 is developed, to the
input of the buffer amplifier AM, disconnecting the remain-
ing nodes TP, to TP__,, and TP__;,, to TP, from the input of
the buffer amplifier AM. The output multiplexer MUXc
connects the output of the buffer amplifier AM to the output
terminals LV, to LV__., ,, disconnecting the output terminals
LV, _,,, to LV, from the output of the buffer amplifier AM.
Additionally, the bypass multiplexer MUXa connects the
node TP,_,,, to TP, to the output terminals TP,__,,, to TP,
disconnecting the remaining nodes TP, to TP__;,; from the
remaining output terminals TP, to TP__; ,. This results in
that the output terminals LV, to LV__;,; are driven down to
the voltage V__;, , with the output terminals TP,_;,, to TP,
maintained at the voltages V| to V_, respectively.

[0146] Although the invention has been described in its
preferred form with a certain degree of particularity, it is
understood that the present disclosure of the preferred form
has been changed in the details of construction and the
combination and arrangement of parts may be resorted to
without departing from the scope of the invention as here-
iafter claimed.

n-i+2

[0147] Especially, it should be noted that the buffer cir-
cuitry architecture shown in FIGS. 11A to 11C is applicable
to the buffer modules M, to M, , shown in FIG. 4, and also
applicable to the buffer modules M; to M,_; shown in
FIG. 7. Those skilled in the art would appreciate that the
buffer circuitry shown in FIGS. 11A to 11C with n=2
provides the same function as each buffer modules M;,
shown in FIG. 4, and the buffer circuitry shown in FIGS.
11A to 11C with n=3 provides the same function as each
buffer module M, ; shown in FIG. 7.
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What is claimed is:
1. A drive voltage generator circuit comprising:

a breeder developing a set of first to N-th different
voltages on first to N-th nodes, respectively, N being
any integer equal to or more than 2, and said first to
N-th voltages being associated with grayscale levels,
respectively;

a buffer amplifier;

a set of first to N-th output terminals through which drive
voltages are provided for an LCD panel; and

a switch circuitry that switches connections among an
input and an output of said buffer amplifier, said first to
N-th nodes, and said first to N-th output terminals.

2. The drive voltage generator circuit according to claim
1, wherein, during a first time period, said switch circuitry
connects said first node to said input of said buffer amplifier,
and connects said output of said buffer amplifier to all of said
first to N-th output terminals, and

wherein, during a second time period following said first
time period, said switch circuitry connects said second
node to said input of said buffer amplifier, and connects
said output of said buffer amplifier to said second to
N-th output terminals, disconnecting said output of said
buffer amplifier from said first output terminal.

3. The drive voltage generator circuit according to claim
2, wherein said switch circuitry connects said first node to
said first output terminal during said first time period.

4. The drive voltage generator circuit according to claim
2, wherein, during i-th time period with 1 being any integer
ranging from 2 to N, said switch circuitry connects said i-th
node to said input of said buffer amplifier, and connects said
output of said buffer amplifier to said i-th to N-th output
terminals, disconnecting said first to (i-1)-th output termi-
nals from said output of said buffer amplifier.

5. The drive voltage generator circuit according to claim
4, wherein said switch circuitry connects said first to (i-1)-th
nodes to said first to (i-1)-th output terminals, respectively,
during said i-th time period.

6. The drive voltage generator circuit according to claim
2, wherein said first time period has a duration longer than
that of said second time period.

7. The drive voltage generator circuit according to claim
4, wherein said first time period has a duration longer than
those of said second to N-th time periods.

8. The drive voltage generator circuit according to claim
1, wherein said switch circuitry includes:

an input switch module that switches said input of said
buffer amplifier to selected one of said first and second
voltages, and

an output switch module,

wherein said output switch module connects said output
of said buffer amplifier to said first and second output
terminals during a first time period, and

wherein, during a second time period following said first
time period, said output switch module connects said
output of said buffer amplifier to said second output
terminal with said output of said buffer amplifier dis-
connected from said first output terminal, and connects
said first output terminal to said first node.
9. The drive voltage generator circuit according to claim
8, wherein said switch circuitry further includes an input
switch module,
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wherein said input switch module connects said first node
to said input of said buffer amplifier during said first
time period, and connects said second node to said
input of said buffer amplifier during said second time
period.
10. The drive voltage generator circuit according to claim
1, wherein said switch circuitry includes:

an input switch module that switches said input of said
buffer amplifier to selected one of said first to third
voltages, and

an output switch module,

wherein said output switch module connects said output
of said buffer amplifier to said first to third output
terminals during a first time period,

wherein, during a second time period following said first
time period, said output switch module connects said
output of said buffer amplifier to said second and third
output terminals with said output of said buffer ampli-
fier disconnected from said first output terminal, and
connects said first output terminal to said first node, and

wherein, during a third time period following said second
time period, said output switch module connects said
output of said buffer amplifier to said third output
terminal with said output of said buffer amplifier dis-
connected from said first and second output terminals,
and connects said first and second output terminals to
said first and second nodes, respectively.

11. The drive voltage generator circuit according to claim
10, wherein said input switch module connects said first
node to said input of said buffer amplifier during said first
time period, connects said second node to said input of said
buffer amplifier during said second time period, and con-
nects said third node to said to said input of said buffer
amplifier during said third time period, respectively.

12. The drive voltage generator circuit according to claim
1, wherein said switch circuitry includes:

an input multiplexer module for connecting selected one
of said first to N-th node to said input of said buffer
amplifier,

an output multiplexer module for connecting said output
of said buffer amplifier to selected one(s) of said first to
N-th output terminals, and

a bypass multiplexer module for connecting selected
one(s) of said first to N-th node to associated one(s) of
said first to N-th output terminals.

13. The drive voltage generator circuit according to claim
12, wherein a first time period, said input multiplexer
module connects said first node to said input of said buffer
amplifier, and said output multiplexer module connects said
output of said buffer amplifier to all of said first to N-th
output terminals, and said bypass multiplexer module dis-
connects said first to N-th nodes from said first to N-th
output terminals, and

wherein, during an i-th time period with 1 being any
integer ranging from 2 to N, said input multiplexer
module connects said i-th node TP; to said input of said
buffer amplifier, and said output multiplexer module
connects said output of said buffer amplifier to said i-th
to N-th output terminals, disconnecting said first to
(i-1)-th output terminals from said output of said buffer
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amplifier, and said bypass multiplexer module connects
said first to (i-1)-th nodes to said first to (i-1)-th output
terminals, respectively, disconnecting said i-th to N-th
nodes from said i-th to N-th output terminals.
14. The drive voltage generator circuit according to claim
1, wherein each horizontal period is divided into first to N-th
time periods,

wherein said first to N-th voltages satisfy the following
relation:

Vi<Vo< o <V,

where V, is a level of said i-th voltage,

wherein, during a first time period within a first horizontal
period during which a common electrode within said
LCD panel is pulled down to ground, said switch
circuitry connects said first node to said input of said
buffer amplifier, and connects said output of said buffer
amplifier to all of said first to N-th output terminals,

wherein, during an i-th time period within said first
horizontal period with i being any integer ranging from
2 to N, said switch circuitry connects said i-th node to
said input of said buffer amplifier, connects said output
of said buffer amplifier to said i-th to N-th output
terminals, disconnecting said first to (i-1)-th output
terminals from said output of said buffer amplifier, and
connects said first to (i-1)-th nodes to said first to
(i-1)-th output terminals, respectively,

wherein, during a first time period within a second hori-
zontal period during which a common electrode within
said LCD panel is pulled up to a voltage, said switch
circuitry connects said N-th node to said input of said
buffer amplifier, and connects said output of said buffer
amplifier to all of said first to N-th output terminals, and

wherein, during an i-th time period within said second
horizontal period, said switch circuitry connects said
(N-i+1)-th node to said input of the buffer amplifier,
connects the output of the buffer amplifier to said first
to (N-i+1)-th output terminals, disconnecting said
(N-i+2)-th to N-th output terminals from said output of
the buffer amplifier, and connects said (N-i+2)-th to
N-th nodes to said (N-i+2)-th to N-th terminals.

15. An LCD driver comprising:

a drive voltage generator circuit developing a set of drive
voltages on n output terminals, respectively, n being
any integer equal to or more than 2; and

an output selector circuit designed to select one of said
drive voltages in response to pixel data, and to output
said selected drive voltage to associated one of signal
lines within an LCD panel,

wherein said drive voltage generator circuit includes:

a breeder developing a set of n different voltages on n
nodes, respectively, and said n different voltages
being associated with n different grayscale levels,
respectively,

a buffer amplifier, and
a switch circuitry,

wherein said n output terminals includes a set of first to
N-th output terminals, N being an integer selected
between 2 and n,
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wherein said set of n different voltages includes a set of
first to N-th voltages, and said n nodes includes a set of
first to N-th nodes, and

wherein said switch circuitry switches connections among

an input and an output of said buffer amplifier, said first

to N-th nodes, and said first to N-th output terminals.

16. The drive voltage generator circuit according to claim

15, wherein, during a first time period, said switch circuitry

connects said first node to said input of said buffer amplifier,

and connects said output of said buffer amplifier to all of said
first to N-th output terminals, and

wherein, during a second time period following said first
time period, said switch circuitry connects said second
node to said input of said buffer amplifier, and connects
said output of said buffer amplifier to said second to
N-th output terminals, disconnecting said output of said
buffer amplifier from said first output terminal.

17. The drive voltage generator circuit according to claim
16, wherein said switch circuitry connects said first node to
said first output terminal during said first time period.

18. The drive voltage generator circuit according to claim
16, wherein, during i-th time period with i being any integer
ranging from 2 to N, said switch circuitry connects said i-th
node to said input of said buffer amplifier, and connects said
output of said buffer amplifier to said i-th to N-th output
terminals, disconnecting said first to (i-1)-th output termi-
nals from said output of said buffer amplifier.

19. The drive voltage generator circuit according to claim
18, wherein said switch circuitry connects said first to
(i-1)-th nodes to said first to (i-1)-th output terminals,
respectively, during said i-th time period.

20. The drive voltage generator circuit according to claim
16, wherein said first time period has a duration longer than
that of said second time period.
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21. The drive voltage generator circuit according to claim
18, wherein said first time period has a duration longer than
those of said second to N-th time periods.

22. A liquid crystal display apparatus comprising:

an LCD panel including signal lines;

a drive voltage generator circuit developing a set of drive
voltages on n output terminals, respectively, n being
any integer equal to or more than 2; and

an output selector circuit designed to select one of said
drive voltages in response to pixel data, and to output
said selected drive voltage to associated one of said
signal lines;

wherein said drive voltage generator circuit includes:

a breeder developing a set of n different voltages on n
nodes, respectively, and said n voltages being asso-
ciated with n grayscale levels, respectively,

a buffer amplifier, and
a switch circuitry,

wherein said n output terminals includes a set of first to
N-th output terminals, N being an integer selected
between 2 and n,

wherein said set of n different voltages includes a set of
first to N-th voltages, and said n nodes includes a set of
first to N-th nodes, and

wherein said switch circuitry switches connections among
an input and an output of said buffer amplifier, said first
to N-th nodes, and said first to N-th output terminals.
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