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(54) An amplifier with pixel voltage compensation for a display

(57)  Aliquid crystal display includes pixels that are
arranged in columns and rows. Data line drivers respon-
sive to a video signal develop output signals in data lines
that correspond with the columns, respectively. An ad-
justment data line driver is provided. The adjustment da-
ta line driver is responsive to a reference DC constant
signal at a mid-range of the video signal. An output sig-
nal of the adjustment data line driver is coupled to the
other data line drivers in a negative feedback manner to
compensate for output signal variations in the other data
line drivers.
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Description

This invention relates generally to drive circuits for
display devices and particularly to a system for applying
brightness signals to pixels of a display device, such as
a liquid crystal display (LCD).

Display devices, such as liquid crystal displays, are
composed of a matrix or an array of pixels arranged hor-
izontally in rows and vertically in columns. The video in-
formation to be displayed is applied as brightness (gray
scale) signals to data lines which are individually asso-
ciated with each column of pixels. The row of pixels are
sequentially scanned and the capacitances of the pixels
within the activated row are charged to the various
brightness levels in accordance with the levels of the
brightness signals applied to the individual columns.

In an active matrix display each pixel element in-
cludes a switching device which applies the video signal
to the pixel. Typically, the switching device is a thin film
transistor (TFT), which receives the brightness informa-
tion from solid state circuitry. Because both the TFT's
and the circuitry are composed of solid state devices it
is preferable to simultaneously fabricate the TFT's and
the drive circuitry utilizing either amorphous silicon or
polysilicon technology.

Liquid crystal displays are composed of a liquid
crystal material which is sandwiched between two sub-
strates. At least one, andtypically both of the substrates,
is transparent to light and the surfaces of the substrates
which are adjacent to the liquid crystal material support
patterns of transparent conductive electrodes arranged
in a pattern to form the individual pixel elements. It may
be desirable to fabricate the drive circuitry on the sub-
strates and around the perimeter of the display together
with the TFT's.

Amorphous silicon has been the preferable technol-
ogy for fabricating liquid crystal displays because this
material can be fabricated at low temperatures. Low fab-
rication temperature is important because it permits the
use of standard, readily available and inexpensive sub-
strate materials. However, the use of amorphous silicon
thin film transistors (a-Si TFTs) in integrated peripheral
pixel drivers has been limited because of, low mobility,
threshold voltage drift and the availability of only N-MOS
enhancement transistors.

U.S. Patent 5,170,155 in the names of Plus et al.,
entitled "System for Applying Brightness Signals To A
Display Device And Comparator Therefore", describes
a data line or column driver of an LCD. The data line
driver of Plus et al., operates as a chopped ramp ampli-
fier and utilizes TFT's. The data line driver is responsive
to a picture information containing signal and generates
a pixel voltage in a given column data line.

Disadvantageously, an output voltage of such data
line driver may vary, for a given level of the input voltage,
as a function of the operation hours of the data line driv-
er. This is so because a gate-source voltage in, for ex-
ample, an output transistor of the data line driver pro-
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duces stress in such TFT. The stress in the TFT causes
athreshold voltage drift and mobility degradation in such
TFT of the data line driver. It is desirable to compensate
for the tendency of the output voltage of the data line
driver to vary as a result of the stress.

In accordance with an inventive feature, a signal
that is indicative of a stress related output voltage vari-
ations of the data line driver is provided. The stress re-
lated output voltage indicative signal is coupled to the
data line drivers for varying the output voltage of each
of the line drivers in accordance with the stress related
output voltage indicative signal in a manner to reduce
the output voltage variation.

A video apparatus, embodying an aspect of the in-
vention, for developing a signal containing picture infor-
mation in pixels of a display device arranged in columns,
includes a source of a video signal. A plurality of data
line drivers are responsive to the video signal for apply-
ing the video signal to the pixels. A given data line driver
of the plurality of line drivers is coupled to a correspond-
ing data line associated with a corresponding column of
the pixels for developing an output signal in the data line
at a magnitude that is determined by a corresponding
portion of the video signal. A dummy data line driver is
used for generating a control signal that is coupled to
each of the plurality of the data line drivers for controlling
the output signal of each of the plurality of data line driv-
ers. For a given magnitude of the video signal portion a
tendency of the output signal of the given data line driver
to change over the operation lifetime is compensated by
the control signal in a manner to reduce the change in
the output signal of each of the data line drivers.

FIGURE 1 illustrates a block diagram of a liquid
crystal display arrangement that includes demulti-
plexer and data line drivers, embodying an aspect
of the invention;

FIGURE 2 illustrates the demultiplexer and data line
driver of FIGURE 1 in more detail;

FIGURES 3a-3h illustrate waveforms useful for ex-
plaining the operation of the circuit of FIGURE 2;
and

FIGURE 4 illustrates a gain compensation arrange-
ment, embodying an inventive feature, for control-
ling the gain of each of the demultiplexer and data
line drivers of FIGURE 1.

In FIGURE 1, that includes demultiplexer and data
line drivers 100, an analog circuitry 11 receives a video
signal representative of picture information to be dis-
played from, for example, an antenna 12. The analog
circuitry 11 provides a video signal on a line 13 as an
input signal to an analog-to-digital converter (A/D) 14.

The television signal from the analog circuitry 11 is
to be displayed on a liquid crystal array 16 which is com-
posed of a large number of pixel elements, such as a
liquid crystal cell 16a, arranged horizontally in m = 560
rows and vertically in n = 960 columns. Liquid crystal
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array 16 includes n = 960 columns of data lines 17, one
for each of the vertical columns of liquid crystal cells 16a,
and m = 560 select lines 18, one for each of the hori-
zontal rows of liquid crystal cells 16a.

A/D converter 14 includes an output bus bar 19 to
provide brightness levels, or gray scale codes, to a
memory 21 having 40 groups of output lines 22. Each
group of output lines 22 of memory 21 applies the stored
digital information to a corresponding digital-to-analog
(D/A) converter 23. There are 40 D/A converters 23 that
correspond to the 40 groups of lines 22, respectively.
An output signal IN of a given D/A converter 23 is cou-
pled via a corresponding line 31 to corresponding de-
multiplexer and data line driver 100 that drives corre-
spondingdataline 17. A select line scanner 60 produces
row select signals in lines 18 for selecting, in a conven-
tional manner, a given row of array 16. The voltages de-
veloped in 960 data lines 17 are applied during a 32 mi-
crosecond line time, to pixels 16a of the selected row.

A given demultiplexer and data line driver 100 uses
chopped ramp amplifiers, not shown in detail in FIGURE
1, with a low input capacitance that is, for example,
smaller than 1pf to store corresponding signal IN and to
transfer stored input signal IN to corresponding data line
17. Each data line 17 is applied to 560 rows of pixel cells
16a that form a capacitance load of, for example, 20pf.

FIGURE 2 illustrates in detail a given one of demul-
tiplexer and data line drivers 100. FIGURES 3a-3h illus-
trate waveforms useful for explaining the operation of
the circuit of FIGURE 2. Similar symbols and numerals
in FIGURES 1, 2 and 3a-3h indicate similar items or
functions. All the transistors of demultiplexer and line
driver 100 of FIGURE 2 are TFT's of the N-MOS type.
Therefore, advantageously, they can be formed togeth-
er with array 16 of FIGURE 1 as one integrated circuit.

Prior to sampling the video signal in signal line 31
of FIGURE 2, a voltage developed at a terminal D of a
capacitor C43 is initialized. To initialize the voltage in
capacitor C43, D/A converter 23 develops a predeter-
mined voltage in line 31 such as the maximum, or full
scale voltage of video signal IN. A transistor MN1 ap-
plies the initializing voltage in line 31 to capacitor C43
when a control pulse PRE-DCTRL of FIGURE 3a is de-
veloped at the gate of transistor MN1. In this way, the
voltage in capacitor C43 is the same prior to each pixel
updating cycle. Following pulse PRE-DCTRL, signal IN
changes to contain video information that is used for the
current pixel updating cycle.

Demultiplexer transistor MN1 of a demultiplexer 32
of FIGURE 2 samples analog signal IN developed in sig-
nal line 31 that contains video information. The sampled
signal is stored in sampling capacitor C43 of demulti-
plexer 32. The sampling of a group of 40 signals IN of
FIGURE 1 developed in lines 31 occurs simultaneously
under the control of a corresponding pulse signal DC-
TRL(i). As shown in FIGURE 3a, 24 pulse signals DC-
TRL(i) occur successively, during an interval following
t5a-120. Each pulse signal DCTRL(i) of FIGURE 2 con-
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trols the demultiplexing operation in a corresponding
group of 40 demultiplexers 32. The entire demultiplexing
operation of 960 pixels occurs in interval t5a-t20 of FIG-
URE 3a.

To provide an efficient time utilization, a two-stage
pipeline cycle is used. Signals IN are demultiplexed and
stored in 960 capacitors C43 of FIGURE 2 during inter-
val t5a-120, as explained before. During an interval t3-14
of FIGURE 3d, prior to the occurrence of any of pulse
PRE-DCTRL and the 24 pulse signals DCTRL of FIG-
URE 3a, each capacitors C43 of FIGURE 2 is coupled
to a capacitor C2 via a transistor MN7 when a pulse sig-
nal DXFER of FIGURE 3d occurs. Thus, a portion of sig-
nal IN that is stored in capacitor C43 is transferred to
capacitor C2 of FIGURE 2 and develops a voltage VC2.
During interval t5a-t20, when pulse signals DCTRL of
FIGURE 3a occur, voltage VC2 of FIGURE 2 in capac-
itor C2 is applied to array 16 via corresponding data line
17, as explained below. Thus, signals IN are applied to
array 16 via the two-stage pipeline.

A reference ramp generator 33 provides a refer-
ence ramp signal REF-RAMP on an output conductor
27. Conductor 27 is coupled, for example, in common
to a terminal E of each capacitor C2 of FIGURE 2 of
each demultiplexer and data line driver 100. A terminal
A of capacitor C2 forms an input terminal of a compara-
tor 24. A data ramp generator 34 of FIGURE 1 provides
a data ramp voltage DATA-RAMP via an output line 28.
In demultiplexer and data line driver 100 of FIGURE 2,
a transistor MN6 applies voltage DATA-RAMP to data
line 17 to develop a voltage VCOLUMN. The row to
which voltage VCOLUMN is applied is determined in ac-
cordance with row select signals developed in row se-
lect lines 18. A display device using a shift register for
generating select signals such as developed in lines 18
is described in, for example, U.S. Patent Nos. 4,766,430
and 4,742,346. Transistor MN6 is a TFT having a gate
electrode that is coupled to an output terminal C of com-
parator 24 by a conductor 29. An output voltage VC from
the comparator 24 controls the conduction interval of
transistor MN6.

In each pixel updating period, prior to applying volt-
age VC of comparator 24 to transistor MN6 to control
the conduction interval of transistor MN6, comparator
24 is automatically calibrated or adjusted. At time t0
(FIGURE 3b) transistor MN10 is conditioned to conduct
by a signal PRE-AUTOZ causing imposition of a voltage
VPRAZ onto the drain electrode of a transistor MN5 and
the gate electrode of transistor MN6. This voltage, des-
ignated VC, stored on stray capacitances such as, for
example, a source-gate capacitance C24, shown in bro-
ken lines, of transistor MN6 causes transistor MN6 to
conduct. Transistor MN5 is non-conductive when tran-
sistor MN10 pre-charges capacitance C24.

At a time 11 of FIGURE 3b, pulse signal PRE-AU-
TOZ terminates and transistor MN10 is turned off. At
time t1, a pulse signal AUTOZERQO is applied to a gate
electrode of a transistor MN3 that is coupled between
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the gate and drain terminals of transistor MN5 to turn on
transistor MN3. Simultaneously, a pulse signal AZ of
FIGURE 3g is applied to a gate electrode of a transistor
MN?2 to turn on transistor MN2. When transistor MN2 is
turned on, a voltage Va is coupled through transistor
MNZ2 to terminal A of a coupling capacitor C1. Transistor
MNZ2 develops a voltage VAA at terminal A at a level of
voltage Va for establishing a triggering level of compa-
rator 24 atterminal A. The triggering level of comparator
24 is equal to voltage Va. A second terminal B of capac-
itor C1 is coupled to transistor MN3 and the gate of tran-
sistor MN5.

Conductive transistor MN3 equilabrates the charge
at terminal C, between the gate and drain electrodes of
transistor MN5, and develops a gate voltage VG on the
gate electrode of transistor MN5 at terminal B. Initially,
voltage VG exceeds a threshold level VTH of transistor
MN5 and causes transistor MN5 to conduct. The con-
duction of transistor MN5 causes the voltages at each
of terminals B and C to decrease until each becomes
equal to the threshold level VTH of transistor MN5, dur-
ing the pulse of signal AUTOZERO. Gate electrode volt-
age VG of transistor MN5 at terminal B is at its threshold
level VTH when voltage VAA at terminal A is equal to
voltage Va. Attime t2 of FIGURES 3c and 3f, transistors
MN3 and MN2 of FIGURE 2 are turned off and compa-
rator 24 is calibrated or adjusted. Therefore, the trigger-
ing level of comparator 24 of FIGURE 2 with respect to
input terminal A is equal to voltage Va.

As explained above, pulse signal DXFER devel-
oped, beginning at time t3, at the gate of transistor MN7
couples capacitor C43 of demultiplexer 32 to capacitor
C2viaterminal A. Consequently, voltage VC2 that is de-
veloped in capacitor C2 is proportional to the level of
sampled signal IN in capacitor C43. The magnitude of
signal IN is such that voltage VAA developed at terminal
A, during pulse signal DXFER, is smaller than triggering
level Va of comparator 24. Therefore, comparator tran-
sistor MN5 remains non-conductive immediately after
time 13. A voltage difference between voltage VAA and
the triggering level of comparator 24 that is equal to volt-
age Va is determined by the magnitude of signal IN.

When voltage VAA at terminal A exceeds voltage
Va, transistor MN5 becomes conductive. On the other
hand, when voltage VAA at terminal A does not exceed
voltage Va, transistor MN5 is nonconductive. The auto-
matic calibration or adjustment of comparator 24 com-
pensates for threshold voltage drift, for example, in tran-
sistor MN5.

A pulse RESET of FIGURE 2 has a waveform and
timing similar to that of pulse signal AUTOZERO of FIG-
URE 3c. Pulse voltage RESET is coupled to the gate
electrode of a transistor MN9, that is coupled in parallel
with transistor MNB, to turn on transistor MN9. When
transistor MN9 is conductive, it establishes a predeter-
mined initial condition of voltage VCOLUMN on line 17
and in pixel cell 16a of FIGURE 1 of the selected row.
Advantageously, establishing the initial condition in pixel
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cell 16a prevents previous stored picture information
contained in the capacitance of pixel cell 16a from af-
fecting pixel voltage VCOLUMN at the current update
period of FIGURES 3b-3g.

Transistor MN9 establishes voltage VCOLUMN at
an inactive level VIAD of signal DATA-RAMP, prior to
time 6. A capacitance C4 associated with the data line
17 has been partially charged/discharged toward inac-
tive level VIAD of signal DATA-RAMP, during interval
10-t11, immediately after transistor MN10 has been
turned on. During pulse signal AUTOZERO, gate volt-
age VC of transistor MN6 is reduced to the threshold
voltage of transistor MN5. Therefore, transistor MNG is
substantially turned off. The charge/discharge of capac-
itance C4 is performed predominantly during interval
11-12, when transistor MN9 is turned on. Advantageous-
ly, utilizing transistor MN9, and transistor MNB, for es-
tablishing the initial conditions of voltage VCOLUMN, re-
duces a threshold voltage drift of transistor MN6. The
threshold voltage drift of transistor MN6 is reduced be-
cause transistor MNG is driven for a shorter period than
if it had to establish, alone, the initial condition of voltage
VCOLUMN.

Transistor MN6 is designed to have similar param-
eters and stress and, therefore, a similar threshold volt-
age drift as transistor MN5. Therefore, advantageously,
the threshold voltage drift of transistor MNG tracks the
threshold voltage drift of transistor MN5.

In one of two modes of operations that are dis-
cussed below, source voltage Vss of transistor MN5 is
equal to OV. Also voltage VCOLUMN, during interval
12-14, that is equal to inactive level VIAD of signal DATA-
RAMP, is equal to 1V. Drain voltage

VC of transistor MN5 at terminal C, prior to time 15,
is equal to threshold voltage VTH of transistor MN5. Be-
cause of the aforementioned tracking, variation of
threshold voltage VTH of transistor MN5 maintains the
gate-source voltage of transistor MN6 at a level that is
1V less than the threshold voltage of transistor MNG.
The 1V difference occurs because there is a potential
difference of one volt between the source electrodes of
transistors MN5 and MN6.

Advantageously, a pulse voltage C-BOOT of FIG-
URE 3h is capacitively coupled via a capacitor C5 of
FIGURE 2 to terminal C, at the gate of transistor MNG.
Capacitor C5 and capacitance C24 form a voltage di-
vider. The magnitude of voltage C-BOOT is selected so
that gate voltage VC increases with respect to the level
developed, during pulse AUTOZERO, by a predeter-
mined small amount sufficient to maintain transistor
MNG6 conductive. As explained before, transistor MN5 is
nonconductive following time t3 of FIGURE 3d. Thus,
the predetermined increase in voltage VC that is in the
order of 5V is determined by the capacitance voltage
divider that is formed with respect to voltage BOOT-C
atterminal C. The increase in voltage VC is independent
on threshold voltage VTH. Therefore, threshold voltage
drift of transistor MN5 or MNG6 over the operational life,
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does not affect the increase by voltage C-BOOT. It fol-
lows that, over the operational life when voltage VTH
may significantly increase, transistor MN6 is maintained
conductive with small drive priorto time t6 of FIGURE 3f.

Any threshold voltage drift of voltage VTH of tran-
sistor MN5 will cause the same change in voltage VC at
terminal C. Assume that the threshold voltage of tran-
sistor MNG6 tracks that of transistor MN5. Therefore, volt-
age C-BOOT need not compensate for threshold volt-
age drift of transistor MNG6. It follows that transistor MN6
will be turned on by voltage C-BOOT irrespective of any
threshold voltage drift of transistor MN5 and MN6. Thus,
the threshold voltage variation of transistor MN5 com-
pensates that of transistor MNG.

The capacitance coupling of voltage C-BOOT ena-
bles using gate voltage VC of transistor MN6 at terminal
C atalevelthat is only slightly greater than the threshold
voltage of transistor MN6 such as by 5V over the thresh-
old voltage of transistor MN6. Therefore, transistor MN6
is not significantly stressed. By avoiding significant drive
voltages to the gate electrode of transistor MN6, advan-
tageously, threshold voltage drift in transistor MN6 that
may occur over its operational life is substantially small-
er than if transistor MN6 were driven with a large drive
voltage.

Voltage C-BOOT is developed in a ramping manner
during interval t5-t7 of FIGURE 3h. The relatively slow
rise time of voltage C-BOOT helps reduce the stress on
transistor MN6. Having the gate voltage of transistor
MN6 increase slowly allows the source of transistor
MNE6 to charge such that the gate-source potential dif-
ference remains smaller for larger periods. Interval t5-17
has a length of 4u sec. By maintaining the length of in-
terval 15-17 longer than 2usec, or approximately 20% of
the length of interval 16-18 of signal DATA-RAMP of FIG-
URE 2f, the voltage difference between the gate and the
source voltage in transistor MNG is, advantageously, re-
duced for a significantly large period. Therefore, stress
is reduced in TFT MNB6.

At time 14 of FIGURE 3e, reference ramp signal
REF-RAMP begins up-ramping. Signal REF-RAMP is
coupled to terminal E of capacitor C2 of FIGURE 2 that
is remote from input terminal A of comparator 24. As a
result, voltage VAA at input terminal A of comparator 24
is equal to a sum voltage of ramping signal REF-RAMP
and voltage VC2 developed in capacitor C2.

Following time 16, data ramp voltage DATA-RAMP
coupled to the drain electrode of transistor MN6 begins
upramping. With feedback coupling to terminal C from
the stray gate-source and gate-drain capacitance of
transistor MNB, the voltage at terminal C will be suffi-
cient to condition transistor MN6 to conduct for all values
of the data ramp signal DATA-RAMP. Following time 14,
and as long as ramping voltage VAA at terminal A has
not reached the triggering level that is equal to voltage
Va of comparator 24, transistor MN5 remains non-con-
ductive and transistor MN6 remains conductive. As long
as transistor MNG6 is conductive, upramping voltage DA-
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TA-RAMP is coupled through transistor MN6 to column
data line 17 for increasing the potential VCOLUMN of
data line 17 and, therefore, the potential applied to pixel
capacitance CPIXEL of the selected row. The capacitive
feedback of ramp voltage VCOLUMN via, for example,
capacitance 24, sustains transistor MN6 in conduction,
as long as transistor MN5 exhibits a high impedance at
terminal C, as indicated before.

During an upramping portion 500 of signal REF-
RAMP of FIGURE 3e, sum voltage VAA at terminal A
exceeds triggering level Va of comparator 24, transistor
MN5 becomes conductive. The instant, during portion
500, when transistor MN5 becomes conductive varies
as a function of the magnitude of signal IN.

When transistor MN5 becomes conductive, gate
voltage VC of transistor MN6 decreases and causes
transistor MNG to turn off. As a result, the last value of
voltage DATA-RAMP that occurs prior to the turn-off of
transistor MNG is held unchanged or stored in pixel ca-
pacitance CPIXEL until the next updating cycle. In this
way, the current updating cycle is completed.

In order to prevent polarization of liquid crystal array
16 of FIGURE 1, a so-called backplane or common
plane of the array, not shown, is maintained at a con-
stant voltage VBACKPLANE. Multiplexer and data line
driver 100 produces, in one updating cycle, voltage
VCOLUMN that is at one polarity with respect to voltage
VBACKPLANE and at the opposite polarity and the
same magnitude, in an alternate updating cycle. To at-
tain the alternate polarities, voltage DATA-RAMP is gen-
erated in the range of 1V-8.8V in one updating cycle and
in the range of 9V-16.8V in the alternate update cycle.
Whereas, voltage VBACKPLANE is established at an
intermediate level between the two ranges. Because of
the need to generate voltage DATA-RAMP in two differ-
ent voltage ranges, signals or voltages AUTOZERO,
PRE-AUTOZ, Vss and RESET have two different peak
levels that change in alternate updating cycles in ac-
cordance with the established range of voltage DATA-
RAMP.

FIGURE 4 illustrates an output voltage compensa-
tion circuit 300, embodying an aspect of the invention.
Similar symbols and numerals in FIGURES 1, 2, 3a-3h
and 4 indicate similar items or functions. Circuit 300 of
FIGURE 4 includes an adjustment or a dummy demul-
tiplexer and data line driver 100' that is similar to demul-
tiplexer and data line driver 100 of FIGURES 1 and 2,
with the difference noted below. Circuit 300 of FIGURE
4 compensates for, for example, stress related change
in voltage VCOLUMN of FIGURE 1. The change in volt-
age VCOLUMN may result from, for example, a change
in the threshold voltage of transistor MN6.

Dummy demultiplexer and data line driver 100" of
FIGURE 4 drives a dummy data line 17' in array 16 of
FIGURE 1. Data line 17" is provided for output voltage
compensation purposes and not for display purposes.
Therefore, pixels 16a, not shown, of array 16 that are
controlled by data line 17' need not produce an image
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that is visible to the user.

The voltage range of video signal IN of demultiplex-
er and data line driver 100 is between OV and 10V. An
input signal IN' of demultiplexer and data line driver 100
of FIGURES 1 and 4 is selected to be a constant DC
level such as 5V that is approximately at a mid-range of
video signal IN of FIGURE 1. As a result, an output volt-
age VCOLUMN' of dummy demultiplexer and data line
driver 100' of FIGURE 4 is approximately at a mid-range
of voltage VCOLUMN of FIGURE 1.

Voltage VCOLUMN' of demultiplexer and data line
driver 100' of FIGURE 4 is coupled via a conventional
transmission gate that is formed by a pair of transistors
MN and MP to a sampling capacitor C1. Gate terminals
of transistors MN and MP are controlled by complemen-
tary signals SAMP and SAMP', respectively, that occur
at a time 110 of FIGURE 3f. Thus, a sampled voltage
VC1 in capacitor C1 of FIGURE 4 is indicative of a mag-
nitude of voltage VCOLUMN of each demultiplexer and
data line driver 100 of FIGURE 1 in the mid-range of
signal IN. It is assumed that a stress related change in
voltage VCOLUMN is approximately the same as in volt-
age VCOLUMN' of FIGURE 4.

Voltage VC1 is coupled via a unity gain non-invert-
ing amplifier 301 to an inverting amplifier 304. A resistor
R3 couples amplifier 301 to an inverting input terminal
305 of an operational amplifier 302. Amplifier 302 is in-
cluded in inverting, closed loop amplifier 304 having ap-
proximately unity gain. An output terminal 303 of ampli-
fier 302 is coupled via a feedback resistor R4 to terminal
305. Areference voltage REF is coupled to a non-invert-
ing input terminal 306 of amplifier 302 via a voltage di-
vider that is formed by a resistor R1 and a resistor R2.
Consequently, a voltage VREF is developed at terminal
306 that establishes a level of voltage Va at output ter-
minal 303 of amplifier 302.

Amplifier 304 operates as an inverting amplifier.
Amplifier 304 generates voltage Va that is coupled to
comparator 24 of each demultiplexer and data line driver
100 of FIGURE 1. On the other hand, a voltage Va' of
demultiplexer and data line driver 100' that controls the
triggering level of the component does not vary when
voltage VCOLUMN' varies. Thus, voltage Va establish-
es the triggering level of comparator 24 of FIGURE 2 in
each demultiplexer and data line driver 100 of FIGURE
1 but does not affect that of demultiplexer and data line
driver 100".

Voltage VREF produces a predetermined magni-
tude of voltage Va in the beginning of the operation life-
time of demultiplexer and data line drivers 100 and 100"
of FIGURE 1. Demultiplexer and data line driver 100
produces a corresponding magnitude of voltage VCOL-
UMN for a given magnitude of signal IN, at the beginning
of the operation lifetime. As a result of stress, for exam-
ple, after a period of operational lifetime of demultiplexer
and data line driver 100 has occurred, a degradation
may occur. The degradation may occur in the TFT's of
demultiplexer and data line drivers 100 and 100' of FIG-
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URE 1, for example, in transistor MN6 of FIGURE 2.

Assume that such degradation tends to produce a
voltage change A V in voltage VCOLUMN' of FIGURE
4 relative to the magnitude of voltage VCOLUMN' that
is produced at the beginning of the operation lifetime.
Consequently, voltage Va will change by the same
amount of voltage change AV but in the opposite direc-
tion.

In accordance with an inventive feature, voltage
change AV in voltage Va causes approximately the
same compensating voltage change AV in voltage
VCOLUMN of each demultiplexer and data line driver
100 of FIGURE 1 but in the opposite direction. The
change in voltage Va compensates for the change in the
threshold voltage of transistor MN6 such that each volt-
age VCOLUMN remains substantially unaffected by the
change in the threshold voltage of transistor MNG during
the extended operational life. In this way, the pixel
brightness and color is not degraded despite the change
in the threshold voltage of transistor MN6. Thus, advan-
tageously, manual adjustment is not required during the
operational lifetime.

The change in voltage Va provides close to an ideal
compensation when signal IN is in the mid-range of sig-
nal IN of FIGURE 2. At all other levels of signal IN, circuit
300 of FIGURE 4 produces approximately the same
voltage change AV of voltage Va as in the mid-range.
Thus, circuit 300 of FIGURE 4 produces an offset volt-
age change of comparator 24 of FIGURE 2. Producing
the same offset voltage change is provided because the
threshold change of transistor MNG tends to cause the
same change in voltage VCOLUMN for any level of sig-
nal IN. Thus, applying the same magnitude of voltage
change AV and in the opposite direction to voltage Va
maintains voltage VCOLUMN uniform over the opera-
tion lifetime.

That portion of circuit 300 of FIGURE 4 that includes
transistors MP and MN and amplifiers 301 and 302 may
be formed outside the glass of the LCD. Therefore, it
may be fabricated with conventional transistors that are
not subject to threshold voltage drift and to stress.
Whereas, demultiplexer and data line driver 100' may
be formed on the glass of the LCD.

Claims

1. Avideo apparatus for developing a signal contain-
ing picture information in pixels of a display device
arranged in columns, comprising:

a source of a video signal, and

a plurality of data line drivers responsive to said
video signal for applying said video signal to
said pixels, a given data line driver of said plu-
rality of line drivers being coupled to a corre-
sponding data line associated with a corre-
sponding column of said pixels for developing
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an output signal in said data line at a magnitude
that is determined by a corresponding portion
of said video signal; characterized by:

a dummy data line driver for generating a con-
trol signal that is coupled to each of said plural-
ity of said data line drivers for controlling said
output signal of each of said plurality of data
line drivers such that for a given magnitude of
said video signal portion a tendency of said out-
put signal of said given data line driver to
change over the operation lifetime is compen-
sated by said control signal in a manner to re-
duce said change in said output signal of each
of said data line drivers.

An apparatus according to Claim 1 further charac-
terized in that said dummy data line driver is respon-
sive to an input signal at a constant reference level.

An apparatus according to Claim 2 further charac-
terized in that said reference level is selected to be
approximately at a mid-range of said video signal.

An apparatus according to Claim 1 wherein each of
said plurality of data line drivers includes a compa-
rator and further characterized in that said control
signal varies a triggering level of said comparator.

An apparatus according to Claim 4 further charac-
terized in that said dummy data line driver includes
a comparator having a triggering level that is unaf-
fected by said control signal.
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