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peak voltage limitations are imposed. Another type of prior art LCD
compensation technique maintains This invention relates generally to liquid
crystal  the threshold voltage specification for the LCD [err] displays of
the type commonly used in cal-    without controlling the on/off ratio. See
for example culators and computers and, more particularly, to   5   GB-A-2
097 971. In this second case, the display multiplexed liquid crystal
displays in which many  contrast suffers at all times, thus making making
it display elements or pixels are driven by each row  difficult for the
user to distinguish between pixels and column signal line. The intersection
of each   that are off and those that are on. type of signal line generates
one display element      The LCD  compensation technique of the or pixel
which can be controlled independently of  10  present invention dynamically
chooses between the the other display elements that comprise a matrix
options of threshold voltage level and bias level in of such display
elements. Each pixel responds to   order to optimize the appearance of the
display at the RMS voltage difference between the row and     all times. It
is intended to maintain the off voltage column signals to that pixel. A
higher RMS voltage  level constant even when peak voltage must be
difference applied to a pixel results in turning that  15  reduced below
its optimum level. This Is because a pixel on harder, thereby making it
appear darker to  plot of on reflectance versus RMS voltage shows the user.
flat reflectance at each voltage extreme but rapidly Typically, six
different voltages are used to   changing reflectance over small central
RMS volt- tive a 32-way or higher multiplexed liquid crystal  age changes.
In accordance with the illustrated splay. Therefore, each pixel has some
RMS volt-  20  embodiment of the present invention some function age across
it at all times. Two important param-   of the peak voltage is fed into
generation of the eters affect the appearance to the user of the     other
voltage levels employed in the waveforms display. First, the absolute value
of the RMS volt-  applied to the LCD row and column signal lines. A age
applied to an on pixel or to an off pixel      peak voltage [err] and a
step voltage [err] are the basically determines the lightness or darkness
of  25  starting points for derivation of all other waveform the display.
In addition, an on/off ratio or bias level  voltage levels. A reference
voltage VA is the de- is defined as the ratio of the on and off waveform
sired voltage to be applied to the LCD based upon voltages applied to each
pixel. It is desirable to  temperature and user's contrast setting.
maximize the on/off ratio in order to make an off      Figure 1 is a block
diagram of an LCD com- pixel appear as much different as possible from an
30  pensation circuit in accordance with the present on pixel to the user.
At the same time, it is impor-  invention. tant to guarantee that an off
pixel does not appear    Figure 2 is a block diagram of circuitry em- dark
or on to the user, but that an on pixel does  ployed to derive all waveform
voltages necessary appear dark to the user. The voltages required to  for
driving an LCD display from the peak voltage obtain this condition are set
by the manufacturer of  35  and the step voltage produced by the circuit of
the liquid crystal display. The state of the art in  Figure 1. LCD
manufacturing is such that in order to meet        Figure 3 is a shematic
diagram of a resistor the LCD threshold voltage specification under ideal
summing amplifier that implements a portion of the conditions (maximum
on/off ratio) requires a  LCD compensation circuit of Figure 1. high peak
voltage across the pixel. The maximum   40   Figure 4 is a waveform diagram
illustrating the peak voltage that can be safely applied to an LCD  various
signals provided by the circuits of Figures driver chip without destroying
it is specified by the  1 and 2 as they are applied to a typical 32-way
chip manufacturer. In many liquid crystal display  mulitiplexed display.
systems, the peak voltage that may be permitted is     Referring now to the
block diagram of Figure 1, limited such that the LCD threshold voltage
speci-  45  a reference voltage VA that represents a desired fication and
ideal bias level cannot both be main-  voltage to be applied to an LCD,
taking into ac- tained. This limitation on peak voltage can be one  count
the temperature coefficient of the LCD and imposed by the chip manufacturer
or by the user's  the user's contrast setting, and that may be derived LCD
driver circuitry. It is therefore the principal  externally from a
summation of diode voltages, is object of the present invention to provide
LCD   50  applied to a conventional summer 10. The output compensation,
operating within a peak voltage limi-  of summer 10 represents a step
voltage [err]. The tation, that maximizes the bias level while at the
output of summer 10 is also applied to a peak same time meeting the LCD
threshold voltage        voltage function generator 20. Peak voltage func-
specification.                                     tion generator 20 may
comprise, for example, a One type of prior art LCD compensation tech-   55
constant voltage source or a voltage multiplier nique maintains the ideal
bias level (maximum      whose output is simply a multiple of the applied
on/off ratio) without controlling the threshold voltage  input voltage. The
output of peak voltage funtion level. In this case, the display becomes dim
as    generator 20 is defined as the peak voltage VH. 2   
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peak voltage function generator  voltage seen by each pixel is the
difference of its 20 could be chosen depending on desired char-     column
and row voltages. As stated above, pixels acteristics of the relationship
between the step volt-  respond to the RMS voltage across them. By set- age
[err] and the peak voltage VH and may include    ting the row non-select
voltage halfway between any constraints or limits that it is desired to
impose   5   the column select voltage level and the column on the peak
voltage [err]. As stated above, VH repre-  non-select voltage level, each
pixel can only see a sents the peak voltage applied to the LCD, based
change in its RMS voltage when Its row is selected. on limitations imposed
by the LCD driver chip itself  Since pixels are turned on by higher RMS
voltage, or the LCD display system as a whole. The safety  the row select
and column select voltages are set of the LCD driver chip could be in
jeopardy if an   10  at the opposite extremes of the available voltage.
excessive peak voltage is applied or the display  The voltage difference
between the column select system as a whole may simply not be capable of
and column non-select voltage levels is what has supplying a peak voltage
higher than a certain    been referred to in the description above as the
level.                                            step voltage [err].
One-half the ratio of the step The output of peak voltage function
generator  15  voltage [err] to the peak voltage VH is referred to as 20 is
applied to a [err] feedback function generator  the LCD bias. Thus, bias =
[err]. For maxi- 30, whose output may be a predefined function,    mum on
to off voltage ratio, the ideal bias for 32 such as a fractional or square
root function, for  rows is about 1/6.66. In effect, step voltage [err] is
example, of its input. It has been found that the  approximately equal to
0.3 times the peak voltage fractional function 0.28 for peak voltage
function   20  [err]. generator 20 maintains the LCD off voltage rela-
tively constant over an expected range of limitation  Claims on peak
voltage [err]. Other functions may be imple- mented by the feedback
function generator 30      1. A liquid crystal display compensation
circuit, based upon design parameters such as the LCD  25    the circuit
comprising: multiplexing level, the function implemented by
reference voltage source means for sup- peak voltage function generator 20,
and the ex-       plying a desired reference voltage (VA) to be pected
limitations on peak voltage [err]. The output     applied to the liquid
crystal display: of [err] feedback function generator 30 is subtracted
summer means (10) having a first sum- from the reference voltage VA in
summer 10 to  30     ming input for receiving the reference voltage produce
a continuously updated value of step volt-   (VA), having a second summing
input, and age [err].                                               having
an output providing a step voltage [err] Referring now to Figure 2, there
are shown            peak voltage function generator means conventional
summer and multiplier circuit blocks     (20) having an input for receiving
the step employed to combine the peak voltage [err] and the  35   voltage
([err]) and having an output that provides step voltage [err] supplied by
the circuitry of Figure   a source of peak voltage [err]; and 1 to provide
a number of different voltages to be        feedback function generator
means (30) switched onto the LCD row and column signal           having an
input for receiving the peak voltage lines.
(VH) and having an output connected to the Referring now to Figure 3, there
is shown a   40  second summing input of the summer means schematic diagram
of a resistor summing amplifier    (10), the summer means (10) being
thereby circuit that implements the preferred functions of    operative for
subtracting the output of the feed- summer 10 and [err]feedback function
generator 30       back function generator means (30) from the of Figure 1.
In this resistor summing amplifier cir-  reference voltage ([err]) to
produce a continu- cuit, the step voltage [err] = [err](1 + RF/RH)(R2/(R1
45  ously updated value of step voltage (err]). + R2)) - VH(RF/RH) = VA -
0.28 [err]. Referring now to Figure 4, there are illustrated  2. A liquid
crystal display compensation circuit as the various waveforms derived from
the voltages      in claim 1 wherein the peak voltage function supplied by
the circuits of Figures 1 and 2 as they   generator means (20) comprises a
constant are applied to a typical 32-way mulitplexed LCD   50  voltage
source. display. At any point in time four voltages are employed to drive
the LCD display. All rows except  3. A liquid crystal display compensation
circuit as the selected row are driven with the row non-select  in claim 1
wherein the peak voltage function voltage, while the selected row Is driven
by the row  generator means (20) comprises a voltage select voltage. Any
column which has an on pixel  55  multiplier. in the current row is driven
to the column select voltage level, while off columns in the current row
4. A liquid crystal display compensation circuit as are driven to the
column non-select voltage. The     in claim 1 wherein the output of the
feedback 3  
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peak voltage function generator  voltage seen by each pixel is the
difference of its 20 could be chosen depending on desired char-      column
and row voltages. As stated above, pixels acteristics of the relationship
between the step volt-  respond to the RMS voltage across them. By set- age
[err] and the peak voltage [err] and may include    ting the row non-select
voltage halfway between any constraints or limits that it is desired to
impose   5   the column select voltage level and the column on the peak
voltage [err]. As stated above, [err] repre-  non-select voltage level,
each pixel can only see a sents the peak voltage applied to the LCD, based
change in its RMS voltage when its row is selected. on limitations imposed
by the LCD driver chip itself  Since pixels are turned on by higher RMS
voltage, or the LCD display system as a whole. The safety  the row select
and column select voltages are set of the LCD driver chip could be in
jeopardy if an   10  at the opposite extremes of the available voltage.
excessive peak voltage is applied or the display   The voltage difference
between the column select system as a whole may simply not be capable of
and column non-select voltage levels is what has supplying a peak voltage
higher than a certain     been referred to in the description above as the
level.                                             step voltage [err].
One-half the ratio of the step The output of peak voltage function
generator  15  voltage [err] to the peak voltage [err] is referred to as 20
is applied to a [err] feedback function generator  the LCD bias. Thus, bias
= [err]. For maxi- 30, whose output may be a predefined function,     mum
on to off voltage ratio, the ideal bias for 32 such as a fractional or
square root function, for  rows is about 1/6.66. In effect, step voltage
[err] Is example, of its input. It has been found that the  approximately
equal to 0.3 times the peak voltage fractional function 0.28 for peak
voltage function   20  [err]. generator 20 maintains the LCD off voltage
rela- tively constant over an expected range of limitation  Claims on peak
voltage [err]. Other functions may be imple- mented by the feedback
function generator 30       1. A liquid crystal display compensation
circuit, based upon design parameters such as the LCD   25     the circuit
comprising: multiplexing level, the function implemented by
reference voltage source means for sup- peak voltage function generator 20,
and the ex-       plying a desired reference voltage (VA) to be pected
limitations on peak voltage VH. The output     applied to the liquid
crystal display: of [err] feedback function generator 30 is subtracted
summer means (10) having a first sum- from the reference voltage VA in
summer 10 to  30     ming input for receiving the reference voltage produce
a continuously updated value of step volt-    (VA), having a second summing
input, and age [err].                                               having
an output providing a step voltage ([err]); Referring now to Figure 2,
there are shown            peak voltage function generator means
conventional summer and multiplier circuit blocks     (20) having an input
for receiving the step employed to combine the peak voltage VH and the   35
voltage ([err]) and having an output that provides step voltage [err]
supplied by the circuitry of Figure   a source of peak voltage ([err]); and
1 to provide a number of different voltages to be        feedback function
generator means (30) switched onto the LCD row and column signal
having an input for receiving the peak voltage lines.
([err]) and having an output connected to the Referring now to Figure 3,
there is shown a   40   second summing input of the summer means schematic
diagram of a resistor summing amplifier     (10), the summer means (10)
being thereby circuit that implements the preferred functions of
operative for subtracting the output of the feed- summer 10 and VH feedback
function generator 30       back function generator means (30) from the of
Figure 1. In this resistor summing amplifier cir-  reference voltage (VA)
to produce a continu- cuit, the step voltage [err] = [err](1 +
RF/RH)(R2/(R1   45  ously updated value of step voltage ([err]). [err]-
VH(RF/RH) = [err] - 0.28 [err]. Referring now to Figure 4, there are
illustrated  2. A liquid crystal display compensation circuit as the
various waveforms derived from the voltages       in claim 1 wherein the
peak voltage function supplied by the circuits of Figures 1 and 2 as they
generator means (20) comprises a constant are applied to a typical 32-way
mulitplexed LCD   50  voltage source. display. At any point in time four
voltages are employed to drive the LCD display. All rows except  3. A
liquid crystal display compensation circuit as the selected row are driven
with the row non-select   in claim 1 wherein the peak voltage function
voltage, while the selected row is driven by the row  generator means (20)
comprises a voltage select voltage. Any column which has an on pixel  55
multiplier. in the current row is driven to the column select voltage
level, while off columns in the current row  4. A liquid crystal display
compensation circuit as are driven to the column non-select voltage. The
in claim 1 wherein the output of the feedback 3 
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means (30) is a defined         wobei die  Spitzenspannungsfunktionserzeu-
fractional function of its input.                  gungseinrichtung  (20)
eine  Konstantspan- nungsquelle umfaBt. A liquid crystal display
compensation circuit as in claim 4 wherein the defined fractional func-   5
3. FlOssigkrlstallanzeige- tion is equal to 0.28.
Kompensationsschaltkreis nach Anspruch 1, wobei die
Spitzenspannungsfunktionserzeu- 6. A liquid crystal display compensation
circuit as   gungseinrichtung (20) einen Spannungsverviel- in claim 1
wherein the output of the feedback      facher umfalt. function generator
means (30) is a defined   10 square root function of its input.
4. Flossigkristallanzeige- Kompensationsschaltkreis nach Anspruch 1, 7. A
liquid crystal display compensation circuit as   wobei der Ausgang der
Feedbackfunktionser- in claim 1 wherein the output of the feedback
zeugungseinrichtung (30) ein Bruchteil ihres function generator means (30)
is related to its  i5  Eingangs ist. input by a multiple of 0.28. 5.
FlUssigkristallanzeige- 8. A liquid crystal display compensation circuit as
Kompensationsschaltkreis nach Anspruch 4, in claim 1 wherein the summer
means (10) and       wobeI der Bruchteil gleich 0,28 ist. the feedback
function generator means (30)  20 comprise a resistor summing amplifier.
6. Flussigkristallanzeige- Kompensationsschaltkreis nach Anspruch 1,
Patentanspruche                                       wobei der Ausgang der
Feedbackfunktionser- zeugungseinrichtung (30) eine festgelegte 1.
Flfissigkristallanzeige-                   25      Quadratwurzelfunktion
ihres Eingangs ist. Kompensationsschaltkreis, wobei der Schalt- krels
umfa3t:                                  7. Flussigkristallanzeige- - eine
Referenzspannungsquelle zum Ue-          Kompensationsschaltkrels nach
Anspruch 1, fem  einer gewUnschten Referenzspan-          wobei der Ausgang
der Feedbackfunktionser- nung (VA) zum Anlegen an die Fllssigkri-  3o
zeugungseinrichtung (30) Ober ein Vielfaches stallanzeige,
von 0,28 mit seinem Eingang in Relation steht. - eine Summationseinrichtung
(10) mit ei- nem ersten Summiereingang zur Aufnah-     8.
Fl[ssigkristallanzeige- me der Referenzspannung (VA), mit ei-
Kompensationsschaltkreis nach Anspruch 1, nem zweiten Summiereingang und
mit  35        wobei die Summationseinrichtung (10) und die einem  Ausgang,
der eine Stufenspan-          Feedbackfunktionserzeugungseinrichtung  (30)
nung (VB) liefert,                            einen
Widerstands-Summierverstarker umfas- - eine
Spitzenspannungsfunktionserzeu-        sen. gungseinrichtung (20) mit einem
Eingang zur Aufnahme der Stufenspannung (VB)  40  Revendlcations und mit
einem Ausgang, der eine Quelle von Spitzenspannung (VH) bildet und       1.
Un circuit de compensation pour affichage a - eine
Feedbackfunktionserzeugungsein-         cristaux liquides, le circuit
comprenant: richtung (30) mit einem Eingang zur Auf-        - un moyen
formant source de tension de nahme der Spitzenspannung (VH) und   45
r6ference pour produire une tension de mit einem Ausgang, der mit dem
zweiten             r6f6rence desir6e (VA) & appliquer & I'af-
Summiereingang der Summationseinrich-             fichage & cristaux
liquides; tung (10) verbunden ist, wobei die Sum-         - un moyen
formant sommateur (10) com- mationseinrichtung (10) dadurch so wirkt,
portant une premiere entree de somma- daB der Ausgang der
Feedbackfunktions-  so        tion pour recevoir la tension de ref6rence
erzeugungseinrichtung (30) von der Re-            (VA), comportant une
seconde entr6e de ferenzspannung (VA) abgezogen wird,
sommation et comportant une sortie pro- um  einen  kontinuierlich
aktualisierten          duisant une tension diff6rentielle (Vs); Wert der
Stufenspannung (Ve) zu erzeu-          - un moyen formant generateur de
fonction gen.                                 55            de tension de
crete (20) comportant une entr~e pour recevoir la tension differen- 2.
FlUssigkristallanzeige-                                 tielle (VB) et
comportant une sortie qui Kompensationsschaltkreis nach Anspruch 1,
constitue une source de tension de crete 
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* (VH); et un moyen formant generateur de fonction de r6action (30)
comportant une entr6e pour recevoir la tension de crete (VH) et comportant
une sortie reli6e a la secon-   5 de entr6e de sommation du moyen de
sommation (10), le moyen de sommation (10) operant alors pour soustraire la
ten- sion de sortie du moyen formant g6n6ra- teur de fonction de reaction
(30) de la  10 tension de rdference (VA) afin de produi- re une valeur,
mise a jour en continu, de la tension diff6rentielle (VB). 2. Un circuit de
compensation pour affichage h   is cristaux liquides selon la revendication
1, dans lequel le moyen formant g~ndrateur de fonc- tion de tension de
crete (20) comprend une source de tension constante. 20 3. Un circuit de
compensation pour affichage a cristaux liquides solon la revendication 1,
dans lequel le moyen formant g6nerateur de fonc- tion de tension de crete
(20) comprend un multiplicateur de tension.                25 4. Un circuit
de compensation pour affichage b cristaux liquides selon la revendication
1, dans lequel le signal de sortie du moyen formant g~nerateur de fonction
de r6action (30) est une   30 fonction fractionnaire definie de son signal
d'entree. 5. Un circuit de compensation pour affichage a cristaux liquides
selon la revendication 4, dans   36 -   -  loquel la fonction fractionnaire
d6finie est egale: & 0,28. KJ 6. Un circuit de compensation pour affichage
6 cristaux liquides selon la revendication 1, dans   40 lequel le signal de
sortie du moyen formant generateur de fonction de reaction (30) est une
fonction de racine carr~e d~finie de son signal d'entree. 45 7. Un circuit
de compensation pour affichage h cristaux liquides selon la revendication
1, dans lequel le signal de sortie du moyen formant gen6rateur de fonction
de reaction (30) est lie a son signal d'entree par un multiple de 0,28.
50 8  Un circuit de compensation pour affichage a cristaux liquides selon
la revendication 1, dans lequel le moyen de sommation (10) et le moyen
formant g~nerateur de fonction de   55 reaction (30) comprennent un
amplification de sommation & resistances. 5    


