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crystal display"

(57) The presentinvention refers to a supply system
of the driving voltage generator of the rows and of the
columns of a liquid crystal display. The supply system
comprises first and second generator circuits (D3,D4)
which output respective prefixed voltages (V3,V4). Each
generator circuit receives two supply voltages. The first
generator receives, via one voltage supply terminal, a

"Supply system of the driving voltage generator of the rows and of the columns of a liquid

first voltage (VLCD). The second generator receives, via
one voltage supply terminal, a second voltage (GND).
The other supply terminals of the generators are each
connected to a charge storage device (CTNK), e.g. a
capacitor, which acts as a charging tank. Charge stored
in the capacitor is shared by both generators, and a con-
trol circuit (CONT) causes the voltage across the capac-
itor to lie within a predefined range.
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Description

[0001] The present invention refers to a supply sys-
tem of the driving voltage generator of the rows and of
the columns of a liquid crystals display.

[0002] Five voltage levels and the reference of ground
GND are necessary for driving a liquid crystal display
(LCD) according to the technique denominated Im-
proved Halt & Pleshko (A& P). The first voltage level is
called Vlcd and it is directly proportional to the lighting
threshold of the liquid crystal and to the square root of
the number of the driven rows. The other four voltage
levels V2, V3, V4 and V5 are distributed between the
Vlcd and GND voltages according to a law that depends
on the square root of the number of the driven rows. Par-
ticularly, on the increasing of the number of rows, the
voltages V2, V3, V4 and V5 tend to gather at the extreme
supply values, that is the voltages V2 and V3 towards
the voltage Vicd while the voltages V4 and V5 towards
the ground voltage GND.

[0003] The different voltage levels are applied to the
rows and columns with alternate phase in order to can-
cel the direct component of the voltage applied to the
display, harmful for the liquid crystal. More particularly,
in a frame period, or part of it, the rows are driven be-
tween the voltages V5 and Vlcd, while in the following
period the rows are driven between the voltages GND
and V2, in the same way the columns are driven be-
tween the voltages GND and V4 and between the volt-
ages V3 and Vicd.

[0004] Normally, the voltage Vicd is generated by a
charging pump starting from the supply voltage Vdd,
while the other four voltage levels V2, V3, V4 and V5
are obtained by intermediary dividers of Vicd, and ap-
plied to voltage followers that work as buffer circuits,
normally supplied between the voltages Vicd and GND.
[0005] For driving a liquid crystal display (LCD) ac-
cording to the technique denominated Multi Row Ad-
dressing (MLA) a number of driving voltages that grow
linearly with the number of rows simultaneously driven
are requested, while the voltage generation techniques
are similar to what previously described.

[0006] The US patent 6,201,522 describes a method
for driving a liquid cristal display that includes a series
of multiplexers coupled to the columns of the display.
The multiplexers couple selectively each of the columns
to a capacity for a fraction of the driving period to dis-
charge each of the pixel placed in the column. In the
fraction of the remaining driving period the multiplexer
couples to the column the driving voltage generators.
This solution requires that all the controller outputs cou-
pled to the display, equal in number to the sum of the
totality of the rows and the totality of the columns, have
an additional capacitor, according to a "distributed" ap-
proach.

[0007] In view of the state of the art described, it is an
object of the present invention to provide a supply sys-
tem of the driving voltage generator of the rows and of
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the columns of a liquid crystals display with greater ef-
ficiency and simpler as regards the known art.

[0008] According to the present invention, this and
other objects are achieved by means of a supply system
of the driving voltage generator of the rows and of the
columns of a liquid crystals display comprising: a first
terminal of a first supply voltage; a second terminal of a
second supply voltage; a first generator circuit of a first
prefixed voltage having a third terminal of a third supply
voltage and a fourth terminal of a fourth supply voltage;
a second generator circuit of a second prefixed voltage
having a fifth terminal of a fifth supply voltage and a sixth
terminal of a sixth supply voltage; characterized by fur-
ther comprising an energy storage device coupled to
said fourth and to said fifth terminal.

[0009] Thanks to the present invention it is possible
to provide the driving voltage generators with a charge
reserve, so as to reduce the need to draw, where the
supply of a current is requested, directly from the power
supply. Preferably, such charging tanks, are equipped
with a control circuit that assures the correct working of
the generators towards the voltage variations of the
charging tank. According to the present invention it is
possible to apply a charging tank for each couple of driv-
ing voltages. Advantageously an hysteresis has been
introduced into such a control circuit.

[0010] The solution according to the presentinvention
is applicable both to the driving method according to the
technique denominated Improved Halt & Pleshko (IA&
P), and according to the denominated technique Multi
Row Addressing (MLA), but the application of other
techniques is not excluded.

[0011] The features and the advantages of the
present invention will be made more evident by the fol-
lowing detailed description of a particular embodiment,
illustrated as a non-limiting example in the annexed
drawings, wherein:

figure 1 represents an example of a supply system
of the driving voltage generation of the rows and of
the columns of a liquid crystals display according to
the known art IA&P;

figure 2 represents in a schematic way one part of
a supply system of the driving voltage generator of
the rows and of the columns of a liquid crystals dis-
play according to the present invention;

figure 3 represents in a schematic way a supply sys-
tem of the driving voltage generator of the rows and
of the columns of a liquid crystals display according
to the present invention;

figure 4 represents a first embodiment of a supply
system of the driving voltage generator of the rows
and of the columns of a liquid crystals display ac-
cording to the present invention;

figure 5 represents a second embodiment of a sup-
ply system of the driving voltage generator of the
rows and of the columns of a liquid crystals display
according to the present invention.
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[0012] Referring now to figure 1, that represents a
system according to the known art, the supplying volt-
age Vdd supplies a positive charging pump 1, that pro-
vides in output the voltage Vddbis. The voltage Vddbis
supplies an operational amplifier OP1 that supplies a
voltage Vlcd in output. The voltage Vicd is applied to a
terminal of a variable resistance P1, the other terminal
of P1 is connected to ground GND. The cursor of the
variable resistance P1 is connected to the negative ter-
minal of the operational amplifier OP1. A reference volt-
age Vref produced by a voltage generator 2 is connected
to the positive terminal of the operational amplifier OP1.
The operational amplifier OP 1 produces a voltage Vicd
in output. This voltage Vicd is applied to a resistance
divider R1-R5 in turn connected to ground GND. The
positive inputs of the operational amplifiers denominat-
ed respectively OP2-OP5 are applied at the junction
nodes between a resistance and another. The negative
terminals of the operational amplifiers OP2-OP5 are
connected to the respective outputs of the operational
amplifiers OP2-OP5, so as to constitute voltage follow-
ers. The operational amplifiers OP2-OP5 produces re-
spectively the voltages V2-V5 at their outputs.

[0013] The operational amplifiers OP2-OP5, in the
embodiment of figure 1, are supplied between the volt-
ages Vlcd and GND, alternatively they can be supplied
by any suitable voltage.

[0014] The voltage generator 2 is designed so that it
compensates the thermal variations and eventually oth-
er factors of the liquid crystal display.

[0015] We refer now to figure 2 that represents in a
schematic way one part of a supply system of the driving
voltage generator of the rows and of the columns of a
liquid crystals display according to the present inven-
tion.

[0016] The supply voltage Vicd and the ground volt-
age GND supply two circuits D3 and D4, that are sche-
matic of one part of the circuits reported in figure 1, that
produce respectively the driving voltages V3 and V4 in
output. Particularly the voltage Vicd is applied to a sup-
plying terminal of the circuit D3, the voltage GND is ap-
plied to a supplying terminal of the circuit D4; the other
two supplying terminals of the circuits D3 and D4, con-
nected in the known art of figure 1 respectively to ground
and Vlcd, in this case are connected together and a ca-
pacitor Ctnk is connected to them too, with the function
of storage energy device.

[0017] Preferably, a control circuit CONT is connected
to the capacitor Ctnk too, preferably, but not necessarily,
supplied by the voltages Vicd and GND.

[0018] In the example of figure 2 only the two circuits
D3 and D4 are reported for descriptive simplicity but it
is possible to generalize this solution for each couple of
driving voltages.

[0019] The charge transfer from the generator of the
driving voltage D3, or upper, to D4, or lower, happens
as shown here inafter.

[0020] In the case of voltage switching (of column)
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from a voltage V smaller than V3 to the voltage V3, there
is a charge inflow in the circuit D3 from the supply Vicd.
[0021] In the case of voltage switching (of column)
from a voltage V greater than V3 to the voltage V3, there
is a charge outflow in the capacitor Ctnk, without charge
inflow toward ground, as otherwise required by the
known solution.

[0022] Preferably, if the voltage of the capacitor Ctnk
goes up beyond a prefixed upper activation threshold,
it is brought again to an suitable value to the correct
working of D3 by the control circuit Cont.

[0023] In the case of voltage switching (of column)
from a voltage V greater than V4 to the voltage V4, there
is a charge outflow toward the voltage GND.

[0024] In the case of voltage switching (of column)
from a voltage V smaller than V4 to the voltage V4, there
is a charge inflow from the capacitor Ctnk toward the
circuit D4, without requiring charges from the supply VI-
cd, as otherwise required by the known solution.
[0025] Preferably, if the voltage of the capacitor Ctnk
goes down beyond a prefixed lower activation threshold,
it is brought again by the control circuit Cont to a suitable
value for the correct working of D4.

[0026] In the particular case of the Improved Halt &
Pleshko driving method, the characteristic distribution
of the voltage levels of the rows and of the columns al-
lows therefore to synthesize the following optimizations
in the charge transfer.

[0027] Accumulation of the discharging current from
the voltage Vicd to V3 for the following re-use (in the
period with dual polarity) as charge current from the volt-
age GND to the voltage V4. Each transition of the col-
umn waveform toward greater voltages will determine a
contribution of current that, added to those associates
to the other columns, will fix the general amount of
charge transferred in the charging tank Ctnk during of
the frame period.

[0028] Accumulation of the discharging current from
the voltage Vicd to V2 for the following re-use (in the
period with duel polarity) as charge current from the volt-
age GND to V5. The type of useful transition to such
charge accumulation comes true, in the case of Im-
proved Halt & Pleshko driving, only in correspondence
of the last row, before the beginning of the new period
with inverted polarity.

[0029] The control circuit Cont keeps the voltage to
the terminals of the capacitor Ctnk within an prefixed
voltages range. In the example of figure 2 the prefixed
voltages range is for instance comprised between the
voltages V3-0,5V and V4+0,5V, and however must be
so as to guarantee the right working of D3 and D4.
[0030] Besides itis possible to share the same charg-
ing tank by the generators of the driving voltages of row
and of column, as it is possible to see in figure 3, so as
to make the charge accumulated by the rows available
for the columns and vice versa. In this case, a charging
tank or a capacitor Ctnk1-Ctnk3 are applied between
each couple of adjoining voltages, so that the charge
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transfer happens where possible between the capaci-
tors Ctnk1-Ctnk3.

[0031] Particularly, a terminal of the capacitors
Ctnk1-Ctnk3 is connected respectively to the common
terminals of D2-D3, D3-D4 and D4-D5, while the other
terminal of the capacitors Ctnk1-Ctnk3 is preferably, but
not necessarily, connected to ground GND, or any other
supply terminal.

[0032] The control circuits Cont1-Cont4 check the
voltages to the terminals of the capacitors Ctnk1-Ctnk3
respectively.

[0033] In figure 2 and 3 it is represented a solution
according to the present invention for the Improved Halt
& Pleshko driving method but this solution is also ex-
tendable in the case of the Multi Row Addressing meth-
od. In such a case the used voltages for driving are not
only 6 but, normally, they are in greater number as they
linearly grow with the row number simultaneously driv-
en. In fact showing the number of rows simultaneously
driven with p, the number of voltage levels requested is
in general, taking into account both the row voltages and
the column voltages, equal to p+3, while, excluding the
upper supply Vicd and the lower one GND, the number
of driving voltage generators results to be p+1. Admit-
ting therefore the use of N = (p+1) - 1= p capacitors, the
reduction of the current consumption will be equal up to
1/(p+1) times.

[0034] Inthe examples reported in this description the
upper supply voltage is the Vicd, but they can be sup-
plied with any other suitable voltage.

[0035] We refer now to figure 4 that represents a first
embodiment of a supply system of the driving voltage
generator of the rows and of the columns of a liquid crys-
tals display according to the present invention.

[0036] It is necessary to note the possibility that the
capacitor Ctnk is undersized, or that particular driving
patterns of the display break the symmetry between two
couples of driving voltages. Therefore it is necessary to
foresee a recovery system of the optimal operation con-
dition maintaining the voltage to the terminals of the ca-
pacitor Ctnk within a prefixed voltage range and in the
example of figure 4 to a voltage value centred in the
neighbourhood of the intermediary value between the
voltage V3 and the voltage V4.

[0037] Besides, in this case, it has been decided of
introduce an hysteresis for avoiding the repeated inter-
vention of the control circuit.

[0038] Particularly, in figure 4, the same elements of
figure 2 are noticed, where however a possible embod-
iment of the circuit Cont is represented.

[0039] The voltage Vink available on the capacitor
Ctnk is applied to the negative input of the comparators
C1 and C3 and to the positive input of the comparators
C2 and C4. The reference voltage Vth2 is applied to the
positive input of the comparator C1, the reference volt-
age Vth1 is applied to the negative input of the compa-
rator C2, the reference voltage Vtl1 is applied to the pos-
itive input of the comparator C3, the reference voltage
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VtI2 is applied to the negative input of the comparator
C4. The outputs of the comparators C1-C4 are applied
respectively to the inputs S and R of the flip-flop FF1
and FF2. The output of the flip-flop FF1 controls a con-
trolled switch IC2 connected between the terminal of the
capacitor Ctnk and ground GND. The output of the flip-
flop FF2 controls a controlled switch IC1 connected be-
tween the terminal of the capacitor Ctnk and the voltage
Vicd.

[0040] Supposing of being in the period in which the
voltages V3 and Vicd are activated, if the voltage Vtnk
at the terminals of the capacitor Ctnk overcomes the
voltage Vth2, then the flip-flop FF1 closes the switch IC2
and the voltage Vitnk is reduced up to the achievement
of a lower voltage value Vth1, at this point the flip-flop
FF1 reopens the switch IC2, preventing the ulterior dis-
charge of the capacitor Ctnk.

[0041] Supposing now of being in the period in which
the voltages V4 and GND are activated, if the voltage
Vtnk at the terminals of the capacitor Ctnk goes down
under the voltage VtI2, then the flip-flop FF2 closes the
switch IC 1 and the voltage Vtnk increases up to the
achievement of an upper voltage value Vil1, at this point
the flip-flop FF2 reopens the switch IC1, preventing the
further charging of the capacitor Ctnk.

[0042] Supposing that the row number is Nr = 64 and
the upper voltage used for driving the display is shown
with Vlcd, than the sizing of the capacitor Ctnk can be
effected as described in the following. Supposing of
wishing to supply the display with an average current of
500 pA, that the voltage is Vth= 1,5V, that the period is
equal to 20 ms, that the voltages VtI2 and Vth2 are re-
spectively V4+0,5V and V3-0,5V, and being Kv the mul-
tiplier factor that guarantees the correct effective voltage
applied, we have

Kv =01+ JINr+ 1))/ J(z*m - =6,75

1
()

B=VNr+1=9

Vicd= Kv* Vth= 6,75* Vth=10.5
Q=1"T=500*20=10 uC

C =Q/V =10/(5*(1/B)*Vicd - 2 * 0,5) = 2 uF

[0043] Where Q is the charge that the charging tank
supplies in the frame period, V is the voltage difference
we can have between the start and the stop of the frame,
compatibly with the correct working of the control cir-
cuits, B is the bias that shows the spacing of the voltage
levels of a given row number.

[0044] This sizing of the capacitor Ctnk, that makes
the function of charging tank in the particular embodi-
ment of figure 4, allows of excluding, in absence of sud-
den display changes that can determine asymmetries in
the capacitor charging and discharging, the intervention
of the recovery circuit of the optimal situation that is the
circuit Cont.
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[0045] We refer now to figure 5 that represents a sec-
ond embodiment of a supply system of the driving volt-
age generator of the rows and of the columns of a liquid
crystals display according to the present invention.
[0046] In this case a further possible embodiment of
the circuit Cont is represented. The voltage Vtnk avail-
able at the capacitor Ctnk is applied to the positive input
of the comparator C5 and to the negative input of the
comparator C6; it is also applied to the anode of the di-
ode DD1 whose cathode is applied to the output of the
comparator C5, and to the cathode of the diode DD2
whose anode is applied to the output of the comparator
C6. The reference voltage Vth is applied to the negative
input of the comparator C5, and the reference voltage
Vtlis applied to the positive input of the comparator C6.
Both the comparators C5 and C6 are supplied between
Vlcd and ground GND.

[0047] Ifthe voltage Vink of the capacitor Ctnk is with-
in the reference voltages Vth and Vtl, both the diodes
DD1 and DD2 are inversely biased and there is neither
a contribution nor a subtraction of charge from the ca-
pacitor Ctnk. If instead the voltage Vtnk overcomes the
reference voltage Vth the comparator C5 tries to reduce
the output voltage, lowering the voltage of the cathode
of the diode DD1 and carrying the diode DD1 in forward
bias, which subtracts charges from the capacitor Ctnk
and reducing the voltage on its terminals. If instead the
voltage Vitnk is smaller than the reference voltage Vil
the comparator C6 tries to increase the output voltage,
increasing the voltage of the anode of the diode DD2
and carrying the diode DD2 in direct biasing, that brings
charge to the capacitor Ctnk and increasing the voltage
at its terminals.

Claims

1. Supply system of the driving voltage generator of
the rows and of the columns of a liquid crystals dis-
play comprising: a first terminal of a first supply volt-
age (Vlcd); a second terminal of a second supply
voltage (GND); a first generator circuit (D3) of a first
prefixed voltage (V3) having a third terminal of a
third supply voltage and a fourth terminal of a fourth
supply voltage; a second generator circuit (D4) of a
second prefixed voltage (V4) having a fifth terminal
of afifth supply voltage and a sixth terminal of a sixth
supply voltage; characterized by further compris-
ing an energy storage device (Ctnk) coupled to said
fourth and to said fifth terminal.

2. Supply system according to claim 1 characterized
in that said third terminal is coupled to said first ter-
minal and said sixth terminal is coupled to said sec-
ond terminal.

3. Supply system according to claim 1 characterized
in that said energy storage device (Ctnk) is charged
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10.

1.

12.

in afirst phase and is discharged in a second phase.

Supply system according to claim 1 characterized
by comprising a control circuit (Cont) that maintains
the voltage at the terminals of said energy storage
device (Ctnk) within a prefixed voltage range.

Supply system according to claim 4 characterized
in that said control circuit (Cont) comprises two
controlled switchs (IC1, IC2) that allow said energy
storage device (Ctnk) to be selectively coupled to
said first terminal of a first supply voltage (Vicd) and
to said second terminal of a second supply voltage
(GND).

Supply system according to claim 5 characterized
in that said control circuit (Cont) controls said two
controlled switches (IC1, 1C2) in response to the
voltage (Vink) available at the terminals of said en-
ergy storage device (Ctnk).

Supply system according to claim 6 characterized
in that said control circuit (Cont) introduces a hys-
teresis.

Supply system according to claim 4 characterized
in that said control circuit (Cont) receives in input
two reference voltages (Vth, Vtl) corresponding to
said prefixed voltage range.

Supply system according to claim 4 characterized
in that said control circuit (Cont) receives in input
four reference voltages(Vth1, Vth2, Vti1, Vtl2) pro-
portional to said prefixed voltage range.

Supply system according to claim 4 characterized
in that said control circuit (Cont) comprises a first
circuit (C3, C4, FF2, IC1, C6, DD2) able to charge
said energy storage device (Ctnk) in the case in
which the voltage (Vtnk) available at the terminals
of said energy storage device (Ctnk) is smaller than
said prefixed voltage range.

Supply system according to claim 4 characterized
in that said control circuit (Cont) comprises a sec-
ond circuit (C1, C2, FF1, IC2, C5, DD1) able to dis-
charge said energy storage device (Ctnk) in the
case in which the voltage (Vtnk) available at the ter-
minals of said energy storage device (Ctnk) is great-
er than said prefixed voltage range.

Supply system according to claim 1 characterized
by comprising a plurality of generator circuits
(D2-D5) of prefixed voltages having terminals of
supply voltages connected in series between them
and that energy storage devices (Ctnk1-Ctnk3) are
coupled to the connection of said terminals of sup-
ply voltages.
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