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COMPARATOR-BASED DRIVERS FOR LCD
DISPLAYS AND THE LIKE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to electronics, and, in particu-
lar, to drivers for liquid crystal displays and the like.

2. Description of the Related Art

Liquid crystal displays (LCDs) are a dominant display
technology. Depending on the particular application, in an
LCD, an image is formed from anywhere from a few up to
many thousands of LCD elements on a display screen. In a
conventional two-dimensional LCD display having rows and
columns of LCD elements (i.e., pixels), each different row
and column of LCD elements is driven by an amplifier, such
as a Class B amplifier. A Class B amplifier is an amplifier that
has a 180-degree conduction angle.

FIG. 1 shows a schematic diagram of a conventional Class
B amplifier 100 configured as a comparator-based LCD dis-
play driver to drive an LCD element, which is depicted in
FIG. 1 as a capacitor 102. In one conventional type of LCD
technology, if the voltage stored in capacitor 102 is greater
than a certain level, then the corresponding LCD element is
on; otherwise, the corresponding L.CD element is off. Other
LCD technologies include multiple gray-scale and/or color
pixels. Depending on the particular implementation, capaci-
tor 102 may represent the total capacitance of one or more
LCD elements, such as an entire row or column of LCD
elements in a two-dimensional LCD display.

In particular, amplifier 100 includes comparators (e.g.,
operational amplifiers (op-amps)) Al and A2, n-type metal-
oxide semiconductor field-effect transistor (MOSFET) Q1,
p-type MOSFET Q2, and inverter I1. A channel node of each
of transistors Q1 and Q2 is connected to driver output node
Noor Aninputsignal V. isapplied via driver input node N,
to the positive input of op-amp A1 and to the negative input of
op-amp A2. Output signal V18 applied via output node
Noorto one side of capacitor 102, whose other side is con-
nected to reference voltage V . (e.g., ground). As such, output
signal V 5, corresponds to the net charge stored in capacitor
102. Output signal V - is also applied as a feedback signal
to the negative input of op-amp Al and to the positive input of
op-amp A2.

If the voltage level of input signal V,, is greater than the
voltage level of output signal V1, then op-amp Al gener-
ates a high output signal and op-amp A2 generates a low
output signal. The high output signal from op-amp Al is
inverted by inverter 11 into a low signal, which is applied to
the gate of N-MOSFET Q1, which is therefore off. The low
output signal from op-amp A2 is applied to the gate of
P-MOSFET Q2, which s therefore on. Turning on Q2 applies
power supply V5, to node 1, thereby charging capacitor
102 (assuming that V,,, is greater than V 7).

If the voltage level of input signal V,, is less than the
voltage level of output signal V 1, then op-amp Al gener-
ates a low output signal and op-amp A2 generates a high
output signal. The high output signal from op-amp A2 is
applied to the gate of P-MOSFET Q2. which is therefore off.
The low output signal from op-amp Al is inverted by inverter
11 into a high signal, which is applied to the gate of N-MOS-
FET Q1, which is therefore on. Turning on Q1 applies refer-
ence voltage Vo to node N, thereby discharging capacitor
102 (assuming that V 4 is less than V 5 ).

In this way, amplifier 100 functions as an LCD display
driver that tends to control the charge stored in capacitor 102
such that the output voltage level V 5, ,-1s driven towards V
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or V¢ depending on the level of input signal V .. In certain
technologies, the LCD element corresponding to capacitor
102 is turned on by driving input node N, with a high input
signal V (e.g., 1 volt), and the LCD element is turned off by
driving input node N, with a low input signal V, (e.g., 0
volts).

In order to save power, amplifier 100 can be designed such
that the differential common-mode output voltage of op-amp
Al is lower than the logic threshold of inverter 11 (i.e., the
input voltage level at which the output of the inverter switches
from low to high and vice versa). As such, if the output
voltage level V ,, 15 close to the input voltage level V 5, then
both Q1 and Q2 will be off, thereby saving power.

Unfortunately, this difference between the differential
common-mode voltage and the inverter logic threshold
reduces symmetry of the output driver. Reducing driver sym-
metry can lead to kinks in the DC transfer function and
possible reduction of common-mode range. These problems
can worsen when the operational amplifiers have lower gains.
The common-mode offset between op-amp Al and inverter 11
cuts into the accuracy of the driver by inducing an offset
between the input voltage V,, and the final output voltage
Vour

As described above, if V5, is higher than V,,, then the
output of Al is low and therefore the output of 11 is high,
which turns on Q1 and discharges capacitor 102, thereby
lowering V 57 In order to shut off Q1, V ,, - must go below
the logic threshold of 11. If A1 has unity gain, the static offset
on 'V 4, will be equal to the difference in the common-mode
output of Al and the logic threshold of 11. As the gain of Al
drops, the problems worsen.

Conventional amplifiers, such as amplifier 100 of FIG. 1,
can be designed to strike a balance between the competing
goals of saving power and providing high driver symmetry, by
designing the differential common-mode voltage to be
slightly below the inverter’s logic threshold. An exemplary
conventional Class B amplifier for an LCD display is
described by Pang-Cheng Yu and Jiin-Chuan Wu, “A Class-B
Output Buffer for Flat-Panel-Display Column Driver,” IEEE
Journal of Solid-State Circuits, Vol. 34, No. 1, January 1999,
the teachings of which are incorporated herein by reference.
In this LCD display driver, an inverter analogous to inverter 11
of FIG. 1 has a logic threshold of 4.06 V, while the common-
mode output of a comparator analogous to op-amp Al of FIG.
115 0.35-0.41V lower that the inverter’s logic threshold.

Unfortunately, if the op-amp’s differential common-mode
voltage is too close to the inverter’s logic threshold, then
amplifier 100 can experience undesirable levels of overshoot
and ringing. FIG. 2 shows the transfer characteristics of
amplifier 100 of FIG. 1, if the op-amp’s differential common-
mode voltage is too close to the logic threshold of the inverter.
In an exemplary amplifier implemented using a typical 0.35-
micron CMOS technology, input signal V, rises linearly
from 0 volts (at time O nsec) to 1 volt (at time 100 nsec), stays
at 1 volt until time 200 nsec, falls linearly from 1 volt back to
0 volts (at time 300 nsec), and stays at 0 volts until time 900
nsec.

As shown in FIG. 2, the resulting output signal V
experiences overshoot and ringing at the 1-volt level follow-
ing time 100 nsec and again at the 0-volt level following time
300 nsec. For the amplifier represented in FIG. 2, there is
approximately 2.5% overshoot. This overshoot and ringing
(i.e., chattering) can adversely affect the operations of the
display driver by causing higher power consumption associ-
ated with Q1 and Q2 being repeatedly turned on and off as the
output signal rings. Chattering can also result in flickering of
the LCD display.
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SUMMARY OF THE INVENTION

In one embodiment, the present invention is circuitry com-
prising a driver (e.g., 100 of FIG. 1) for generating a driver
output signal (e.g., V7) presented at a driver output node
(e.g., Noy7) based on a driver input signal (e.g., V) applied
at a driver input node (e.g., Ny). The driver comprises a first
comparator (e.g., Al), a configurable inverter (e.g., I1), and a
first output driving device (e.g., Q1). The first comparator
compares the driver output signal to the driver input signal in
order to generate a comparator output signal. The config-
urable inverter generates an inverted version of the compara-
tor output signal as an inverter output signal presented at an
inverter output node, wherein the configurable inverter is
selectively configured to provide any one of at least two
different inverter logic threshold levels. The first output driv-
ing device is connected to receive, at its control terminal, a
signal based on the inverter output signal, wherein an output
node of the first output driving device is connected to the
driver output node.

In another embodiment, the present invention is, inan LCD
driver for providing a voltage signal to an LCD electrode
(e.g., 102), a voltage signal generator (e.g., 100) comprising
an input node (e.g., Np,,), an output node (e.g., Ny 1), a first
differential amplifier (e.g., A1), a second differential ampli-
fier (e.g., A2), an inverter (e.g., 1), a first current source (e.g.,
Q1), and a second current source (e.g., Q2). The first differ-
ential amplifier includes first and second input terminals and
an output terminal, wherein (a) the first input terminal of the
first differential amplifier is coupled so as to receive an input
voltage signal (e.g., V) appearing at the input node of the
voltage signal generator and (b) the second input terminal of
the first differential amplifier is coupled so as to receive an
output voltage signal (e.g., Vp7) appearing at the output
node of the voltage signal generator. The second differential
amplifier includes first and second input terminals and an
output terminal, wherein (a) the first input terminal of the
second differential amplifier is coupled so as to receive the
input voltage signal and (b) the second input terminal of the
second differential amplifier is coupled so as to receive the
output voltage signal. The inverter has an input terminal and
an output terminal, the input terminal of the inverter being
coupled to the output terminal of the first differential ampli-
fier. The first current source has a control terminal and an
output terminal, wherein (a) the control terminal of the first
current source is coupled to the output terminal of the inverter
and (b) the output terminal of the first current source is
coupled to the output node of the voltage signal generator.
The second current source has a control terminal and an
output terminal, wherein (a) the control terminal of the sec-
ond current source is coupled to the output terminal of the
second differential amplifier and (b) the output terminal of the
second current source is coupled to the output node of the
voltage signal generator. The inverter selectively provides
any one of at least two different logic threshold levels.

BRIEF DESCRIPTION OF THE DRAWINGS

Other aspects, features, and advantages of the present
invention will become more fully apparent from the following
detailed description, the appended claims, and the accompa-
nying drawings in which like reference numerals identify
similar or identical elements.

FIG. 1 shows a schematic diagram of a conventional Class
B amplifier configured as a comparator-based LCD display
driver to drive an LCD element;
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FIG. 2 shows the transfer characteristics of the LCD dis-
play driver of FIG. 1, if the differential common-mode volt-
age is too close to the logic threshold of the inverter;

FIG. 3 shows a transistor-level diagram of a conventional
inverter that can be used for inverter 11 in the LCD display
driver of FIG. 1, according to the prior art;

FIG. 4 graphically illustrates the relationship between the
inverter’s logic threshold and the relative W/L ratios for the
p-side and the n-side of the inverter of FIG. 3;

FIG. 5 shows a transistor-level diagram of a configurable
inverter that can be used for inverter 11 in the LCD display
driver of FIG. 1, according to one embodiment of the present
invention; and

FIG. 6 shows a flow diagram of the operations of the LCD
driver of FIG. 1 implemented using the configurable inverter
of FIG. 5 for inverter I1 for the exemplary operational sce-
nario of FIG. 2, according to one embodiment of the present
invention.

DETAILED DESCRIPTION

Reference herein to “one embodiment” or “an embodi-
ment” means that a particular feature, structure, or character-
istic described in connection with the embodiment can be
included in at least one embodiment of the invention. The
appearances of the phrase “in one embodiment” in various
places in the specification are not necessarily all referring to
the same embodiment, nor are separate or alternative embodi-
ments necessarily mutually exclusive of other embodiments.

FIG. 3 shows a transistor-level diagram of a conventional
inverter 300 that can be used for inverter I1 in comparator-
based display driver 100 of FIG. 1. In this prior-art imple-
mentation, inverter 300 includes N-MOSFET Q3 and
P-MOSFET Q4. The output signal from op-amp Al of FIG. 1
is applied via inverter input node N1 to the gates of Q3 and
Q4, while the signal appearing at inverter output node N2 is
applied to the gate of transistor Q1 of FIG. 1.

If the voltage at input node N1 is high (i.e., above the
threshold voltages of transistors Q3 and Q4), then Q3 will be
on and Q4 will be off, which drives the voltage at output node
N2 towards V¢ (i.e., low). If the voltage at input node N1 is
low (i.e., below the threshold voltages of transistors Q3 and
Q4), then Q3 will be off and Q4 will be on, which drives the
voltage at output node N2 towards V,, (i.e., high). In this
way, inverter I1 of FIG. 1 inverts the signal from op-amp Al
for application to the gate of transistor Q1.

By selecting appropriate dimensions (e.g., channel widths
(W) and lengths (L)) for transistors Q3 and Q4, the logic
threshold of inverter 300 can be designed to be at a desired
level relative to the differential common-mode voltage of
op-amp Al of FIG. 1. For example, increasing the W/L ratio
of transistor Q4 relative to the W/L ratio of transistor Q3 will
increase the logic threshold of inverter 300. FIG. 4 graphi-
cally illustrates the relationship between the inverter’s logic
threshold and the relative W/L ratios for the p-side and the
n-side of the inverter. In particular, FIG. 4 demonstrates that
the inverter’s logic threshold increases as the W/L ratio for the
P-side of the inverter increases relative to the W/L ratio for the
inverter’s N-side.

FIG. 5 shows a transistor-level diagram of configurable
inverter 500, which can be used for inverter 11 in comparator-
based display driver 100 of FIG. 1, according to one embodi-
ment of the present invention. Configurable inverter 500
includes N-MOSFET Q5, P-MOSFETs Q6 and Q7, and
switch SW1. Transistors Q5 and Q6 are analogous to transis-
tors Q3 and Q4 of FIG. 3. The state of switch SW1 (i.e., open
or closed) is controlled by control signal C1 generated by a
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controller (not shown). Inone implementation, switch SW1 is
a FET transistor connected to receive control signal C1 at its
gate node, wherein the FET’s channel nodes are connected to
node N3 and the gate of Q7.

If switch SW1 is open, then transistor Q7 is off, and
inverter 500 operates like conventional inverter 300 of FIG. 3.
Different techniques may be employed to ensure that transis-
tor Q7 is off when switch SW1 is open. One such technique
would be to connect the gate transistor Q7 to V,, through a
(large) pull-up resistor or a transmission gate. In that case, the
gate of transistor Q7 will be pulled to V,,, when switch SW1
is open, thereby ensuring that Q7 is off.

If, however, switch SW1 is closed, then the inverter input
signal from op-amp A1 appearing at node N3 is applied to the
gate of Q7 as well as to the gates of Q5 and Q6. In this case,
the P-side of inverter 500 is based on the parallel combination
of P-MOSFET Q6 and P-MOSFET Q7. Adding Q7 to the
P-side of inverter 500 increases the effective size of the P-side
of inverter 500 relative to the size of the inverter’s N-side,
since adding FETs in parallel increases the effective W/L
ratio of the combination. This has the effect of raising the
logic threshold of inverter 500 (as demonstrated in FIG. 4).

In one implementation of driver 100 of FIG. 1 in which
inverter 500 is used for inverter I1, inverter 500 is designed
such that, when switch SW1 is open, the inverter’s logic
threshold (based on only transistors Q5 and Q6) is close to the
differential common-mode voltage of op-amp A1, and, when
switch SW1 is closed, the inverter’s logic threshold (based on
all three transistors Q5, Q6, and Q7) is greater than the dif-
ferential common-mode voltage.

FIG. 6 shows a flow diagram of the operations of LCD
driver 100 of FIG. 1 implemented using configurable inverter
500 for inverter 11 for the exemplary operational scenario of
FIG. 2, according to one embodiment of the present inven-
tion. At time 0 nsec (step 602), input signal V,, and output
signal V 5,,-are both low, and switch SW1 is configured at its
open position, such that the inverter’s logic threshold is close
to the differential common-mode voltage, thereby assuring
relatively high driver symmetry.

From time 0 nsec to time 100 nsec (step 604), input signal
Vv 1s increased linearly from 0 V to 1V, which results in
output signal V ;- being driven from low to high. Prior to
time 100 nsec, when the level of output signal V - (or input
signal V) gets close to the desired high level (e.g., 1 V),
switch SW1 is configured to its closed position, such that the
inverter’s logic threshold is raised relative to the differential
common-mode voltage. This will have the effect of reducing
the overshoot and ringing that would otherwise occur had the
inverter’s logic threshold remained close to the differential
common-mode voltage.

From time 100 nsec to time 200 nsec (step 606), input
signal V,,,is maintained at 1 V, which causes output signal
Voo to be maintained high. After a suitable settling time
following time 100 nsec, switch SW1 is returned to its open
position, thereby returning the inverter’s logic threshold back
to its lower level to await the next transition.

From time 200 nsec to time 300 nsec (step 608), input
signal V,, 1s decreased linearly from 1V to 0V, which results
in output signal V 5,7 being driven from high to low. Prior to
time 300 nsec, when the level of output signal V - (or input
signal V) gets close to the desired low level (e.g.,, 0 V),
switch SW1 is configured to its closed position, such that the
inverter’s logic threshold is raised relative to the differential
common-mode voltage. Once again, this will have the effect
of reducing the overshoot and ringing that would otherwise
occur had the inverter’s logic threshold remained close to the
differential common-mode voltage.
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From time 300 nsec to time 900 nsec (step 610), input
signal V,,,is maintained at 0 V, which causes output signal
Vour to be maintained low. After a suitable settling time
following time 300 nsec, switch SW1 is returned to its open
position, thereby returning the inverter’s logic threshold back
to its lower level to await the next transition.

The operational scenario of FIG. 6 is an example of con-
figurable inverter 500 being controlled to provide hysteresis
to the inverter’s logic threshold.

Depending on the particularimplementation, the controller
used to generate switch control signal C1 of FIG. 5, may
actively monitor the output (or input) signal to determine
when to change the configuration of switch SW1. Alterna-
tively, the controller may be programmed to wait specified
periods of time (e.g., derived from empirical testing and/or
circuit analysis) before changing the state of switch SW1. For
example, the signal to open or close switch SW1 may be
stored in a latch or flip-flop that is actuated by a delay circuit
or may, in certain implementations, be set through software.

The present invention has been described in the context of
configurable inverter 500 of FIG. 5, in which an additional
P-MOSFET (Q7) can be selectively switched into or out of
the P-side of the inverter. The present invention can also be
implemented using other designs for a configurable inverter,
including those having one or more switchable P-MOSFETs
on the inverter’s P-side and/or one or more switchable
N-MOSFETs on the inverter’s N-side. Such configurable
inverters may be designed to provide more than two different,
selectable logic thresholds for particular driver applications.

Although the present invention has been described in the
context of a Class B amplifier having a configurable inverter
connected between an op-amp (Al)and an N-MOSFET (Q1),
the present invention can be implemented in other contexts.
For example, the polarities of the op-amp inputs could be
reversed with the configurable inverter connected between
op-amp A2 and P-MOSFET Q2. Certain embodiments may
include series connections of two or more inverters, one or
more of which may be configurable inverters of the present
invention.

The present invention has been described in the context of
display driver 100 of FIG. 1 having op-amps Al and A2 and
transistors Q1 and Q2. In alternative embodiments, types of
comparators may be employed other than op-amps and/or
types of output driving devices may be employed other than
transistors.

Although the present invention has been described in the
context of comparator-based LCD display drivers having
Class B amplifiers, the present invention can be implemented
in the context of (1) comparator-based drivers for circuitry
other than LCD displays, e.g., other types of displays such as
electro-luminescent (EL) displays, or drivers for non-display
circuitry such as audio drivers, and/or (2) comparator-based
drivers having other types of amplifiers, such as Class A or
Class A/B amplifiers.

Although the present invention has been described in the
context of circuitry implemented using MOSFET technol-
ogy, the presented invention can also be implemented using
other transistor technologies, such as bipolar technology and
FET technology other than MOSFET technology.

The present invention may be implemented as circuit-
based processes, including possible implementation as a
single integrated circuit (such as an ASIC or an FPGA),
including integration on the LCD glass, a multi-chip module,
a single card, or a multi-card circuit pack. As would be appar-
ent to one skilled in the art, various functions of circuit ele-
ments may also be implemented as processing steps in a
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software program. Such software may be employed in, for
example, a digital signal processor, micro-controller, or gen-
eral-purpose computer.

Unless explicitly stated otherwise, each numerical value
and range should be interpreted as being approximate as if the
word “about” or “approximately” preceded the value of the
value or range.

It will be further understood that various changes in the
details, materials, and arrangements of the parts which have
been described and illustrated in order to explain the nature of
this invention may be made by those skilled in the art without
departing from the scope of the invention as expressed in the
following claims.

The use of figure numbers and/or figure reference labels in
the claims is intended to identify one or more possible
embodiments of the claimed subject matter in order to facili-
tate the interpretation of the claims. Such use is not to be
construed as necessarily limiting the scope of those claims to
the embodiments shown in the corresponding figures.

We claim:
1. Circuitry comprising a driver for generating a driver
output signal presented at a driver output node based on a
driver input signal applied at a driver input node, the driver
comprising:
a first comparator adapted to compare the driver output
signal to the driver input signal in order to generate a
comparator output signal;
a configurable inverter adapted to generate an inverted
version of the comparator output signal as an inverter
output signal presented at an inverter output node,
wherein the configurable inverter is adapted to be selec-
tively configured to provide any one of at least two
different inverter logic threshold levels;
a first output driving device connected to receive, at its
control terminal, a signal based on the inverter output
signal, wherein an output node of the first output driving
device is connected to the driver output node; and
a controller adapted to control the inverter logic threshold
level of the configurable inverter to reduce chattering in
the driver output signal, wherein the configurable
inverter comprises:
aseries combination of an n-type transistor and a p-type
transistor connected to receive the comparator output
signal at their gate nodes and connected at channel
nodes to the inverter output node;

an additional transistor connected at a channel node to
the inverter output node and in parallel with one of the
transistors in the series combination; and

a switch adapted to selectively apply the comparator
output signal to the gate of the additional transistor in
order to change the logic threshold level of the con-
figurable inverter.

2. The invention of claim 1, wherein:

the first comparator is an op-amp; and

the first output driving device is a first transistor connected
to receive, at its gate node, the signal based on the
inverter output signal, wherein a channel node of'the first
transistor is connected to the driver output node.

3. The invention of claim 1, wherein the driver output node

is connected to one or more LCD elements.

4. The invention of claim 3, wherein the circuitry com-
prises the one or more LCD elements.

5. The invention of ¢laim 1, wherein the additional transis-
tor is a p-type transistor, such that closing the switch raises the
logic threshold level of the configurable inverter.

8

6. The invention of claim 1, wherein the controller is
adapted to control the state of the switch in order to reduce the
chattering of the driver.

7. The invention of claim 6, wherein the controller changes

5 the state of the switch when a difference between one of the
driver signals and a specified signal level is less than a speci-
fied threshold value.
8. The invention of claim 1, wherein:
the first comparator is a first op-amp connected to receive
the driver input signal at its positive input and the driver
output signal at its negative input and is adapted to
generate a first op-amp output signal,
the configurable inverter is connected to receive the first
op-amp output signal at its input node and is adapted to
present an inverted version of the first op-amp output
signal at its output node;
the first output driving device is an n-type transistor con-
nected to receive the inverted version of the first op-amp
output signal at its gate node;
the driver further comprises:

a second op-amp connected to receive the driver input
signal at its negative input and the driver output signal
atits positiveinput and is adapted to generate a second
op-amp output signal; and
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a p-type transistor connected to receive the second op-
amp output signal at its gate node; and

channel nodes of the n-type and p-type transistors are con-
nected to the driver output node.

9. A method for generating a driver output signal presented
at a driver output node based on a driver input signal applied
at a driver input node, the method comprising:

(a) comparing the driver output signal to the driver input

signal to generate a comparator output signal;

(b) generating, using a configurable inverter, an inverted
version of the comparator output signal as an inverter
output signal presented at an inverter output node,
wherein the configurable inverter is adapted to be selec-
tively configured to provide any one of at least two
different inverter logic threshold levels;

(c) applying a signal based on the inverter output signal to
a first output driving device connected at an output node
to the driver output node; and

(d) controlling the inverter logic threshold level of the
configurable inverter to reduce chattering in the driver
output signal, wherein the configurable inverter com-
prises:

a series combination of an n-type transistor and a p-type
transistor connected to receive the comparator output
signal at their gate nodes and connected at channel
nodes to the inverter output node;

an additional transistor connected at a channel node to
the inverter output node and in parallel with one of the
transistors in the series combination; and

a switch adapted to selectively apply the comparator
output signal to the gate of the additional transistor in
order to change the logic threshold level of the con-
figurable inverter.

10. The invention of claim 9, further comprising applying
the driver output signal to one or more LCD elements.

11. The invention of claim 9, wherein:

the configurable inverter is configured to provide a first
inverter logic threshold level that is equivalent to adriver
common-mode voltage to provide relatively high driver
symmetry; and
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the configurable inverter is configured to provide a second
inverter logic threshold level that is greater than the
driver common-mode voltage to inhibit chattering in the
driver output signal.

12. The invention of claim 9, wherein the additional tran-
sistor is a p-type transistor, such that closing the switch raises
the logic threshold level of the configurable inverter.

13. The invention of claim 9, wherein step (d) comprises
controlling the state of the switch in order to reduce the
chattering of the driver.

14. The invention of claim 13, comprising changing the
state of the switch when a difference between one of the driver
signals and a specified signal level is less than a specified
threshold value.

15. The invention of claim 13, comprising changing the
state of the switch after a specified duration.

16. The invention of claim 9, comprising:

applying (1) the driver input signal at a positive input of a

first op-amp and (2) the driver output signal at a negative
input of the first op-amp to generate a first op-amp output
signal,

presenting an inverted version of the first op-amp output

signal at an output node of the configurable inverter;
applying the inverted version of the first op-amp output
signal at the gate node of an n-type transistor;

applying (1) the driver input signal at a negative input of a

second op-amp and (2) the driver output signal at a
positive input of the second op-amp to generate a second
op-amp output signal;

applying the second op-amp output signal at the gate node

of a p-type transistor, where channel nodes of the n-type
and p-type transistors are connected to the driver output
node.

17. In an LCD driver for providing a voltage signal to an
LCD electrode , a voltage signal generator comprising:

an input node;

an output node;

afirst differential amplifier including first and second input

terminals and an output terminal, wherein:

the first input terminal of the first differential amplifier is
coupled so as to receive an input voltage signal
appearing at the input node of the voltage signal gen-
erator; and

the second input terminal of the first differential ampli-
fier is coupled so as to receive an output voltage signal
appearing at the output node of the voltage signal
generator;

a second differential amplifier including first and second

input terminals and an output terminal, wherein:
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the first input terminal of the second differential ampli-
fieris coupled so as to receive the input voltage signal;
and

the second input terminal of the second differential
amplifier is coupled so as to receive the output voltage
signal;

an inverter having an input terminal and an output terminal,

the input terminal of the inverter being coupled to the

output terminal of the first differential amplifier;

a first current source having a control terminal and an

output terminal, wherein:

the control terminal of the first current source is coupled
to the output terminal of the inverter; and

the output terminal of the first current source is coupled
to the output node of the voltage signal generator;

a second current source having a control terminal and an

output terminal, wherein:

the control terminal of the second current source is
coupled to the output terminal of the second differen-
tial amplifier; and

the output terminal of the second current source is
coupled to the output node of the voltage signal gen-
erator, wherein the inverter is adapted to selectively
provide any one of at least two different logic thresh-
old levels; and

a controller adapted to control the logic threshold level of

the inverter to reduce chattering in the output voltage

signal, wherein the inverter comprises;

a series combination of a p-type transistor and an n-type
transistor connected at their gate nodes to the output
terminal of the first differential amplifier and con-
nected at channel nodes to the inverter output termi-
nal;

an additional transistor connected at a channel node to
the inverter output terminal and in parallel with one of
the transistors in the series combination; and

a switch adapted to selectively connect output terminal
of the first differential amplifier to the gate of the
additional transistor in order to change the logic
threshold level of the inverter.

18. The invention of claim 17, wherein the controller is
adapted to control the state of the switch in order to reduce the
chattering in the LCD driver.

19. The invention of claim 18, wherein the controller
changes the state of the switch when a difference between a
driver signal and a specified signal level is less than a speci-
fied threshold value.
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