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the display crystals of a liquid crystal display (LCD), including a drive
voltage circuit comprising: This invention relates generally to liquid
crystal  at least one reference crystal having a first capaci- displays
(LCD's) and particularly to a circuit for  tance and at least one detection
crystal having a compensating for variations in the characteristics of   5
second capacitance, different from said first capaci- the crystals of such
displays.                      tance, arranged outside the viewing area of
said The use of LCD's in instances where a visual     display; a four-sided
circuit, each of said sides display is required is increasing rapidly.
Because  having a midpoint and being connected at junc- of their low power
consumption and economy,         tions, said four-sided circuit including
said refer- LCD's are being used to replace cathode ray tubes   10  ence
crystals and said detection crystals, for gen- (CRT's) for many uses
requiring a visual display.   erating a differential signal in response to
char- Unlike CRT's, liquid crystals show a rapid change   acteristic
changes in said detection crystals; an in light output over a narrow range
of driving vol-  adjustment circuit including a differential amplifier,
tages just above a threshold voltage. However,      for receiving said
differential signal and producing keeping a good grey scale, in a
monochrome dis-  15  an adjustment signal representative of said dif- play,
or color uniformity, in a color display, requires  ferential signal and
applying said adjustment signal accurate control of the LCD drive voltages
in the   to said drive voltage circuit; characterized in that region of the
threshold voltage. Manufacturing liq-  there are: first and second
reference crystals, se- uid crystals with uniform  characteristics is an
ries connected between midpoints of two opposite achievable goal with
existing technology. However,  20  sides of said four-sided circuit to form
a central the turn-on voltage characteristics of liquid crystals  junction;
first and second detection crystals respec- vary substantially over time
because of such fac-   tively connected between said central junction and
tors as temperature changes, aging, thickness of    the midpoints of the
other two sides of said four- the crystals, et al. Because of these
variations in  sided circuit; and means for biasing said detection
characteristics, even when the crystals within a   25  crystals to a
capacitance substantially equal to the given display are manufactured with
substantially   capacitance of said reference crystals arranged identical
turn-on characteristics, matching the drive  between the respective
midpoints and said central voltage circuitry to the turn-on voltage of the
cry-  junction. stals is extremely difficult. The difficulty is in-     In
the drawings: creased when the changes are not permanent. For  30    FIGURE
1 shows a preferred embodiment of a example, temperature changes can cause
substan-        circuit for compensating for crystal variations in tial
changes in the crystal characteristics. However,  a LCD. the temperature
changes are not permanent. Ac-         FIGURE 2 shows the LCD threshold and
gamma cordingly, the light output of a portable LCD can      correction
achievable with the preferred embodi- vary substantially as the display is
moved from one   35  ment. environment to another. For these reasons, there
is    FIGURE 3 illustrates a simplified portion of a a need for an LCD with
a circuit for compensating      LCD showing the relationship of the
compensa- for crystal variations.                               tion
crystals and the display area crystals. EP-A-01 2479 discloses a circuit
for compensat-    FIGURE 4 shows voltage regulators, which can ing for
variations in the display crystals of a liquid  40  be used with the
invention, in more detail. crystal display (LCD), including a drive voltage
In FIGURE 1, a circuit 10 for compensating for circuit comprising: at least
one reference crystal  the variations of crystals of a liquid crystal
display having a first capacitance and at least one detec-  15 (FIGURE 3)
includes a detection circuit 12. The tion crystal having a second
capacitance, different  detection circuit 12 is in the form of a bridge,
each from said first capacitance, arranged outside the   45  leg of which
includes a positive polarity voltage viewing area of said display; a
four-sided circuit,  sensitive transfer gate 13 and a negative polarity
each of said sides having a midpoint and being      voltage responsive
transfer gate 14. The transfer connected at junctions, said four-sided
circuit in-  gates 13 and 14 in each of the legs are coupled at cluding
said reference crystals and said detection  junctions 16, 17, 18 and 19. A
plurality of com- crystals, for generating a differential signal in re-  50
pensation crystals 21, 22, 23 and 24 are connected sponse to characteristic
changes in said detection  at a grounded junction 26 and to the nodes 16,
17, crystals; and an adjustment circuit including a dif-  18 and 19,
respectively. ferential amplifier, for receiving said differential sig-  In
FIGURE 3, the compensation crystals 21 to nal and producing an adjustment
signal representa-  24 are arranged outside the viewing area of the tive of
said differential signal and applying said   55   LCD, and they are used to
compensate for capaci- adjustment signal to said drive voltage circuit.
tance changes which occur to the crystals within According to the present
invention, there is    the LCD because of aging, temperature changes,
provided a circuit for compensating for variations in  variations in
thickness due to manufacturing, etc. 2 



3                 EP0229716B1                        4 The crystals 22 and
24 have substantially the same  line 68 to the transfer gate 59, and by a
line 69 to capacitance Cx as the crystals within the LCD and  another input
terminal of the driver circuit 67. serve as detection pixels in the
compensation cir-     An output line 71 of the driver circuit 67 is cuit.
The capacitance of the crystals 21 and 23    coupled to the crystals of the
LCD in known man- exceeds that of the detection crystals 22 and 24 by   5
ner. Analog data, which varies from -V to +V, for a preselected amount,
such as 50%. The crystals    example, 5 volts, is applied to the driver
circuit 67 21 and 23 serve as reference crystals in the detec-  by an input
line 72. The line 72 is coupled to the tion circuit. The crystal 22 is
voltage biased     control electrodes of inverting transfer gate 73 and
through an RC filter including a resistor 27, a    74. The transfer gates
73 and 74 have opposite capacitor 28 and the capacitance Cx of the crystal.
10  polarity. Accordingly, the gate 73 is conductive Similarly, the
detection crystal 24 is voltage biased  when negative analog data are
coming in from line through an RC filter including a resistor 29 and a  72,
and the gate 74 is conductive when positive capacitor 31 and the
capacitance Cx of the crystal.  analog data are applied to the line 72. The
output The capacitance of the capacitors 28 and 31 is     line 71 is
coupled to a junction 76 between the much greater than the capacitance Cx
of the cry-  15  transfer gates 73 and 74 and thus varies between a stals
22 and 24. The voltage applied to the refer-  plus and a minus voltage V,
in accordance with the ence crystal 21 is applied through an RC filter
polarity of the signal on the input line 72. The line including a resistor
32, a capacitor 33, and the   71 is also coupled to a junction 77 between
oppo- capacitance of the crystal. A capacitor 34 and     sitely poled
inverting transfer gates 78 and 79. The resistor 36 also form an RC filter
for the reference   20  junctions 76 and 77 are electrically coupled. The
crystal 23. The capacitance of the capacitors 33   gates 73 and 78 are
similarly poled, as are the and 34 is much greater than the capacitance of
the  gates 74 and 79. The control electrodes of the crystals 21 and 23. A
node 37 of the bridge circuit  transfer gates 78 and 79 are coupled to the
input 12 is coupled by a line 38 to one input terminal of  line 72. The
gates 78 and 79 are coupled to the a differential amplifier 39. A node 41,
directly op-  25  positive voltage regulator 47 and negative voltage posite
from the node 37, is coupled to another     regulator 51 by the input line
69 and 66, respec- input terminal of the differential amplifier 39 by a
tively. Accordingly, the voltage on the output line line 42. The other two
nodes 43 and 44 of the      71 is adjusted by the regulators 47 and 51 in
bridge circuit 12 are positively and negatively volt-  accordance with the
polarity of the signal on the age biased, respectively.
30  input line 72. The output of the differential amplifier 39 is
Briefly stated, the compensation crystals 21 to connected to the input
terminal of a positive volt-  24 develop a differential signal across the
detection age regulator 47 by lines 46 and 48. The output of  circuit 12 in
response to changes in the detection the differential amplifier 39 is also
connected to the  crystals 22 and 24. The differential signal is applied
input terminal of a negative voltage regulator 51 by   35  to an adjustment
circuit which includes the differen- the line 46 and a line 49. An inverter
52 receives  tial amplifier 39, the regulators 47 and 51, and the polarity
control signals over an input line 53. The  transfer gates 57 and 59. The
adjustment circuit polarity control signal is applied as a control input
produces an adjustment signal which adjusts the to the positive voltage
regulator 47 by a line 54.  output signal on the line 71 of the drive
circuit 67, Also, the output of the inverter 52 is applied as a   40  and
which also adjusts the biasing voltage on the control input to the negative
voltage regulator 51  detection crystals 22 and 24. The adjustment signal
by a line 56. A transfer gate 57 receives the output  rebalances the
detection circuit 12, and crystal of the inverter 52 over a line 58.
Another transfer  characteristic changes are compensated for . gate 59
receives the polarity control signal over a    In operation, either all of
the positive transfer line 61. The transfer gates 57 and 59 can be a   45
gates 13 or all of the negative transfer gates 14 are transistor type
similar to the gates 13 and 14, with  simultaneously turned on in
synchronization with the lines 58 and 61 being coupled to the control   the
polarity of the polarity control signal on the line electrodes of the
transistors. When this type of   53. The reference crystals 21 and 23 are
biased to transfer gate is used, both the transfer gates 57  keep them in
the minimum capacitance off state. and 59 have the same polarity and, thus,
are al-  50   The detection crystals 22 and 24 are alternately temately on
and off in response to the polarity    biased positive and negative by the
voltage regula- control signal on the line 53. A junction 62, be-  tors 47
and 51, through the transfer gates 57 and tween the transfer gates 57 and
59, is coupled to  59 and the line 63. This biasing of the detection the
filter resistors 27 and 29 by a line 63. The   crystals 22 and 24 causes
their total capacitance to output voltage of the negative regulator 51 is
coup-  55  equal that of the reference crystals 21 and 23. led by a line 64
to the transfer gate 57, and by a  When the positive transfer gates 13 in
the legs of 



line 66 to an input of a driver circuit 67. The output  the bridge circuit
12 are conductive, the compensa- voltage of the positive regulator 47 is
coupled by a  tion crystals 21 and 24 are connected to the posi- 3    5
EP0229716B1                        6 tive node 43 and positively charged.
Simultaneous-  temperature which existed prior to the shift, the ly, the
compensation crystals 22 and 23 are con-   inventive circuit will shift the
threshold voltage back nected to the negative node 44 and negatively
to the nominal +1.8 volts. charged. When the negative transfer gates 14 in
FIGURE 4 shows the regulator 51 in more the legs of the bridge circuit 12
are made conduc-   5   detail. The regulator includes four transfer gates
tive, the reference crystal 21 and the detector    84, 85, 86, 87. The
polarity control signal is applied crystal 22 are connected to the node 37.
Also, the  by the line 56 to the control electrode of the reference crystal
23 and the detection crystal 24  transfer gate 84. The output voltage of
the differen- are connected to the node 41. When the capaci-     tial
amplifier 39 is applied by the line 49 to the tance of the detection
crystals equals that of the   10  control electrode of the transfer gate
86. When the reference crystals, the net voltage between each of  polarity
control signal on the line 56 is low, the the nodes 37 and 41 and grounded
junction 26 is    regulator is enabled and the signal in the lines 64 zero,
and the differential amplifier 39 receives no  and 66 is regulated. When
the polarity control differential voltage and produces no output voltage
signal on the line 56 is high, the lines 64 and 66 on the line 46. However,
changes in the char-  15  are clamped to the most negative potential, e.g.,
-5 acteristics of the detection crystals 22 and 24, due  volts. The
positive regulator 47 is similar to the to temperature changes, aging,
etc., are substan-  negative regulator 51, but the polarity of the trans-
tially the same as those of the crystals within the  fer gates is opposite
to that of the negative regula- viewing area of the LCD. When a crystal
char-      tor 51. The regulators 47 and 51 can be of the type acteristic
change occurs, the capacitance of the   20  described in U.S. Patent
4,061,962, issued Decem- detection crystals 22 and 24 is different from
that  ber 6, 1977 to Stewart. of the reference crystals 21 and 23. Under
this condition, when the transfer gates 14 are rendered  Claims conductive
and connect the crystals to the nodes 37 and 41, a differential voltage
exists between the   25  1. A circuit (10) for compensating for variations
in nodes 37 and 41 and ground. This voltage is           the display
crystals of a liquid crystal display applied to the differential amplifier
39 which pro-    (LCD) (15), including a drive voltage circuit (67) duces
an output on the line 46. The output voltage     comprising: on the line 46
is applied to the voltage regulators       at least one reference crystal
(21,23) hav- 47 and 51 in accordance with the polarity of the   30  ing a
first capacitance (1.5Cx) and at least one polarity control signal on the
line 53, to cause the   detection crystal (22,24) having a second ca-
voltage on either of the lines 66 or 69 to change      pacitance [err]
different from said first capaci- and produce a change in the drive voltage
on the       tance, arranged outside the viewing area of output line 71 of
the driver circuit 67. The regula-   said display; tors 47 and 51 also
change the biasing on the   35        a four-sided circuit (12), each of
said sides detection crystals 22 and 24 because of the con-       having a
midpoint and being connected at nection to the detector crystals through
the transfer  junctions, said four-sided circuit including said gates 57
and 59. Accordingly, the capacitance of       reference crystals and said
detection crystals, the crystals is adjusted to rebalance the bridge 12
for generating a differential signal in response in accordance with the
changed conditions, until  40   to characteristic changes in said detection
cry- rebalancing is required because of another change      stals; of
crystal characteristics.                               an adjustment
circuit (39,47,51) including a FIGURE 2 shows how the voltage circuit com-
differential amplifier (39), for receiving said dif- pensates for
capacitance variations of the crystals   ferential signal and producing an
adjustment in the LCD. The abscissa is the voltage on the   45    signal
representative of said differential signal output line 71 of the driver
circuit 67, and the       and applying said adjustment signal to said
ordinate is the input voltage applied to the input     drive voltage
circuit; line 72. The curve 81 is the output on the line 71
characterized in that there are: for a negative analog input on the input
line 72 with     first and second reference crystals (21,23), a nominal
threshold level of -1.8 volts for the cry-  50  series connected between
midpoints of two stals of the LCD. The curve 82 is a curve with the
opposite sides of said four-sided circuit to form nominal threshold of +1.8
volts for positive input     a central junction (26); on the line 72. Curve
83 shows how the inventive          first and second detection crystals
(22,24) 



circuit shifts the curve 82 when the threshold level   respectively
connected between said central of the crystals of the LCD increases 0.6
volts, to  55  junction and the midpoints of the other two +2.4 volts, due
to a temperature change, or a         sides (16,18) of said four-sided
circuit; and change in some other crystal characteristic. With
means for biasing said detection crystals the invention, when the display
is returned to the     to a capacitance substantially equal to the ca- 4
5                 EP 0 229 716 B1                      6 tive node 43 and
positively charged. Simultaneous-  temperature which existed prior to the
shift, the ly, the compensation crystals 22 and 23 are con-    inventive
circuit will shift the threshold voltage back nected to the negative node
44 and negatively      to the nominal +1.8 volts. charged. When the
negative transfer gates 14 in         FIGURE 4 shows the regulator 51 in
more the legs of the bridge circuit 12 are made conduc-   5   detail. The
regulator includes four transfer gates tive, the reference crystal 21 and
the detector     84, 85, 86, 87. The polarity control signal is applied
crystal 22 are connected to the node 37. Also, the  by the line 56 to the
control electrode of the reference crystal 23 and the detection crystal 24
transfer gate 84. The output voltage of the differen- are connected to the
node 41. When the capaci-      tial amplifier 39 is applied by the line 49
to the tance of the detection crystals equals that of the   10  control
electrode of the transfer gate 86. When the reference crystals, the net
voltage between each of  polarity control signal on the line 56 is low, the
the nodes 37 and 41 and grounded junction 26 is     regulator is enabled
and the signal in the lines 64 zero, and the differential amplifier 39
receives no  and 66 is regulated. When the polarity control differential
voltage and produces no output voltage  signal on the line 56 is high, the
lines 64 and 66 on the line 46. However, changes in the char-  15  are
clamped to the most negative potential, e.g., -5 acteristics of the
detection crystals 22 and 24, due  volts. The positive regulator 47 is
similar to the to temperature changes, aging, etc., are substan-   negative
regulator 51, but the polarity of the trans- tially the same as those of
the crystals within the  fer gates is opposite to that of the negative
regula- viewing area of the LCD. When a crystal char-       tor 51. The
regulators 47 and 51 can be of the type acteristic change occurs, the
capacitance of the   20   described in U.S. Patent 4,061,962, issued Decem-
detection crystals 22 and 24 is different from that  ber 6, 1977 to
Stewart. of the reference crystals 21 and 23. Under this condition, when
the transfer gates 14 are rendered  Claims conductive and connect the
crystals to the nodes 37 and 41, a differential voltage exists between the
25   1. A circuit (10) for compensating for variations in nodes 37 and 41
and ground. This voltage is            the display crystals of a liquid
crystal display applied to the differential amplifier 39 which pro-
(LCD) (15), including a drive voltage circuit (67) duces an output on the
line 46. The output voltage      comprising: on the line 46 is applied to
the voltage regulators        at least one reference crystal (21,23) hav-
47 and 51 in accordance with the polarity of the   30   ing a first
capacitance [err] and at least one polarity control signal on the line 53,
to cause the    detection crystal (22,24) having a second ca- voltage on
either of the lines 66 or 69 to change       pacitance [err] different from
said first capaci- and produce a change in the drive voltage on the
tance, arranged outside the viewing area of output line 71 of the driver
circuit 67. The regula-    said display; tors 47 and 51 also change the
biasing on the   35         a four-sided circuit (12), each of said sides
detection crystals 22 and 24 because of the con-        having a midpoint
and being connected at nection to the detector crystals through the
transfer   junctions, said four-sided circuit including said gates 57 and
59. Accordingly, the capacitance of        reference crystals and said
detection crystals, the crystals is adjusted to rebalance the bridge 12
for generating a differential signal in response in accordance with the
changed conditions, until  40    to characteristic changes in said
detection cry- rebalancing is required because of another change
stals; of crystal characteristics.                                an
adjustment circuit (39,47,51) including a FIGURE 2 shows how the voltage
circuit com-         differential amplifier (39), for receiving said dif-
pensates for capacitance variations of the crystals    ferential signal and
producing an adjustment in the LCD. The abscissa is the voltage on the   45
signal representative of said differential signal output line 71 of the
driver circuit 67, and the        and applying said adjustment signal to
said ordinate is the input voltage applied to the input      drive voltage
circuit; line 72. The curve 81 is the output on the line 71
characterized in that there are: for a negative analog input on the input
line 72 with      first and second reference crystals (21,23), a nominal
threshold level of -1.8 volts for the cry-   50  series connected between
midpoints of two 



stals of the LCD. The curve 82 is a curve with the      opposite sides of
said four-sided circuit to form nominal threshold of + 1.8 volts for
positive input     a central-unction (26); on the line 72. Curve 83 shows
how the inventive           first and second detection crystals (22,24)
circuit shifts the curve 82 when the threshold level    respectively
connected between said central of the crystals of the LCD increases 0.6
volts, to  55  junction and the midpoints of the other two + 2.4 volts, due
to a temperature change, or a         sides (16,18) of said four-sided
circuit; and change in some other crystal characteristic. With
means for biasing said detection crystals the invention, when the display
is returned to the     to a capacitance substantially equal to the ca- 4
7                 EP 0 229 716 B1 pacitance of said reference crystals
arranged       bindungspunkt und den Mittenpunkt jeweils ei- between the
respective midpoints and said           ner der beiden anderen Seiten (16,
18) der central junction.                                   vierseitigen
Schaltung angeschlossen ist, und eine Einfichtung zum Vorspannen der 2. The
circuit of claim 1, characterized in that   5    Fahlkristalle auf eine
Kapazitat, die im wesent- each side of the said four-sided circuit (13)
lichen gleich der Kapazitit der Referenzkristal- includes a positive (13)
and a negative (14)        le ist, welche zwischen den jeweils zugeordne-
voltage responsive transfer gate arranged on        ten Mittenpunkten und
dem zentralen Verbin- opposite sides of said midpoints.
dungspunkt angeordnet sind. 10 3.  The circuit of claim 2, characterized in
that the  2. Schaltung nach Anspruch 1, dadurch gekenn- capacitance [err]
of said detection crystals         zeichnet, daB jede Seite der
vierseitigen Schal- (21,23) is substantially equal to the capaci-
tung (13) ein auf positive Spannung anspre- tance of the liquid crystals
(15) in said display    chendes (13) und ein auf negative Spannung device,
and the capacitance [err] of said   15   ansprechendes (14)
Obertragungsschaltglied reference crystals (22,24) is equal to approxi-
enthilt, die auf gegenaberliegenden Seiten der mately 1.5 times said
capacitance of said de-       Mittenpunkte angeordnet sind. tection
crystals. 3. Schaltung nach Anspruch 2, dadurch gekenn- 4. The circuit of
claim 3, characterized in that  20    zeichnet, daB die Kapazitft (CJ der
Fahlkristal- said means for biasing said detection crystals      le (21,
23) im wesentlichen gleich der Kapazi- includes RC filters (27-31).
tlt der FlOssigkristalle (15) im Anzeigogerlt ist und daB die KapazitAt
(1,5 C,3 der Referenzkri- PatentansprUche
stalle (22, 24) gleich ungefghr dem 1,5-fachen 25      der besagten
Kapazitit der F~hlkristalle ist. 1. Schaltung (10) zum Kompensieren von
Ande- rungen in den Anzeigekristallen eines FlUssig-   4. Schaltung nach
Anspruch 3, dadurch gekenn- kristall-Anzeigogerites (LCD) (15), mit einer
zeichnet, daB die Einrichtung zum Vorspannen Treiberspannungsschaltung
(67), die folgendes       der Fahlkristalle RC-Filter (27-31) enthfilt.
aufweist:                                   30 mindestens einen
Referenzkristall (21, 23)   Revendlcatlons mit einer ersten Kapazitlt (1,5
C, und minde- stens einem Fahlkristall (22, 24), der eine sich  1. Circuit
(10) de compensation des vafiations von der ersten  Kapazitit
unterscheidende           des cristaux d'affichage d'un dispositif d'affl-
zweite Kapazitit (C,3 hat und auBerhalb der   95    chage & cristaux
liquides (LCD) (15), compor- Sichtfllche des Anzeigegerlites angeordnet
ist;     tant un circuit de tension de commande (67) eine vierseitige
Schaltung (12), deren jede      comprenant: Seite einen Mittenpunkt hat und
an Verbin-          au moins un cristal de rdfdrence (21,23) ayant
dungspunkten angeschlossen ist und welche           une premibre capacite
(1,5 Cd et au moins un die Referenzkristalle und die Fahlkristalle ent-  40
cristal de ddtection (22,24) ayant une seconde hAflt, um ein
Differenzsignal in Ansprache auf      capacitd (CJ diffdrente de ladite
premibre ca- Charakteristiklinderungen in den Fthlkristallen     pacite,
disposee I l'extdrieur de la zone d'ob- zu erzeugen;
servation dudit affichage; eine Justierschaltung (39, 47, 51), die ei-
un circuit & quatre c8tes (12), chacun desdits nen Differenzverst~rker (39)
enthllt, um das   46   c8tes ayant un point median et dtant connecte
Differenzsignal zu empfangen und ein fOr die-       & des jonctions, ledit
circuit & quatre c8tds ses Differenzsignal representatives Justiersi-
comprenant lesdits cristaux de rdf~rence et 



gnal zu erzeugen und dieses Justiersignal an        lesdits cristaux de
ddtection, pour gdn6rer un die Treiberspannungsschaltung zu legen,
signal diff6rentiel en reponse & des change- dadurch gekennzeichnet, daB
folgendes   so       ments de caractdristiques desdits cristaux de
vorhanden ist:                                      d~tection; ein erster
und ein zweiter Referenzkristall      un circuit de reglage (39, 47, 51)
incluant un (21, 23), die in Serie zwischen Mittenpunkte
amplificateur diff6rentiel (39), pour recevoir le- zweier
gegenlberliegender Seiten der vierseiti-     dit signal diff6rentiel et
produire un signal de gen Schaltung angeschlossen sind, um einen   as
rdglage reprdsentatif dudit signal diffdrentiel et zentralen
Verbindungspunkt (28) zu bilden;          pour appliquer ledit signal de
reglage audit emn erster und ein zweiter FUhlkristall (22,     circuit de
tension de commande; 24), deren jeder zwischen den zentralen Ver-
caract6risd en ce qu'on prdvoit: 5    9                 EP 0 229716 B1
10   I 1111111  1111 1    I des premier et second cristaux de r~f6rence
(21,23) connect6s en serie entre des points m~dians des deux c8tes oppos~s
dudit circuit a quatre c8tes pour former une jonction con- trale (26);
5 des premier et second cristaux de detection (22,24) connect~s
respectivement entre ladite jonction centrale et les points mddians des
deux autres c8tes (16, 18) dudit circuit a qua- tre c8tds ; et
10 des moyens pour polariser lesdits cristaux de detection a une capacite
sensiblement 6gale a la capacit6 desdits crstaux de r~fdrence dispo- s~s
entre les points medians respectifs et ladi- te jonction centrale.
15 2. Circuit selon la revendication 1, caractdris6 en co que chaque c8t4
dudit circuit a quatre c8t6s (13) comporte une tension positive (13) et une
tonsion ndgative (14) en r~ponse a une   2o grille de transfert disposeo
sur des c8t6s op- posds desdits points m6dians. 3. Circuit selon le
revendication 2, caract~ris4 on ce que la capacit6 (C.) desdits cristaux de
25 d6tection (21,23) est sensiblement dgale A la capacit6 des cristaux
liquides (15) dans ledit dispositif d'affichage et la capacit6 (1,5 CQj
desdits cristaux de r~fronce (22,24) est dgale a approximativement 1,5 fois
ladite capacit6   30 desdits cristaux de d6tection. 4. Circuit selon la
revendication 3 caracterise en co que lesdits moyens pour polariser lesdits
cristaux de d~toction comprennent des filtres  35 RC (27-31). 40 45 50 55


