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arranged in vertical (column) direction, N gate lines 16 arranged in
horizontal (row) direction and N x M The present invention relates to a
circuit for  pixels arranged at the crossing points of the source driving a
liquid crystal display panel and, more   and a gate lines, each pixel
including a pixel thin articularly, to a circuit for driving an
active-matrix   5   film transistor 17 for addressing and a liquid crystal
liquid crystal display panel using thin film transis-  element 18 formed by
a pixel electrode, a common tors (TFT) as the active elements.
electrode 19 of the panel and the liquid crystal Active-matrix liquid
crystal panels using TFTs  between them. have recently been improved so as
to be put into       During the time when one of the gate lines 16
practical use as a display panel for pocket TV. At  10  is selected by
shift register 13, i.e. during one first, liquid crystal display panels
became available  horizontal scanning period (hereinafter referred to which
were capable of displaying video images      as 1 H), a start pulse XSP is
input into the shift with a picture size of 2 inches (diagonal dimension)
register 4 of X driver 1 and is shifted with each and a 240 x 220 matrix of
picture elements (pixels).  pulse of the clock signal XCL. By the output
signal As driving systems for such liquid crystal display   is  of each
step of shift register 4, the level of the panels an analogue point at a
time system and an   video signal is latched into the corresponding
analogue line at a time system  are known for      sample-and-hold circuit
of the first group 5. At the supplying analogue video signals directly to
the   end of the 1 H period, a latch pulse LCL is supplied liquid crystal
display panel.                      to the commonly connected control
terminals of the Fig. 2 shows a block diagram corresponding to  20
analogue switches 10 and by that the M samples the analogue line at a time
system as it is generally  latched in the sample-and-hold circuits of the
first used. This driving system includes an X driver 1,  group 5, i.e. one
scanning line, are transferred at an Y driver 2 and an active-matrix
display panel 3.  once to the sample-and-hold circuits of the second The
panel 3 consists of N rows and M columns.      group 6. During the next 1H
period, these samples The X driver consists of a shift register 4 having M
25  are charged into the LC elements 18 of a cor- steps and a first group 5
of M sample-and-hold     responding line of the panel 3 while the sample-
circuits and a second group 6 of M sample-and-     and-hold circuits of the
first group 5 sample the hold circuits. Each sample-and-hold circuit of the
video signal for the next gate line. first group 5 includes an analogue
switch 7, a         When the prior art explained above is used for
capacitor 8 for holding the sample and a buffer  30  a grey scale display,
which is a high resolution amplifier 9. Each of the sample-and-hold
circuits of  display, with comparatively few bits of data input, the second
group 6 includes an analogue switch     several problems occur. Such
problems will be 10, a capacitor 11 for holding the sample and a
examplified with respect to a construction where buffer amplifier 12.
Control terminals of the ana-  digital data are stored in a video RAM
(hereinafter logue switches 7 are connected to the outputs of  35  referred
to as VRAM) and are displayed by means respective steps of shift register
4. The control  of a digital data process. terminals of all M analogue
switches 10 are com-       When a liquid crystal display panel having a
monly connected to an input terminal to which a    size of for example 5 to
14 inches is used, a latch clock signal LCL is applied. The input termi-
substantial increase of the number of pixels is nals of all M analogue
switches 7 are commonly  40  required. With a liquid crystal display panel
having connected to an input terminal to which a video    N pixels per
column and M pixels per row used at signal VIDEO is applied. The input
terminals of the  a refresh frequency of [err] Hz, the 1 H period will be
analogue switches 10 are respectively connected to the outputs of the
buffer amplifiers 9. The out-  1 H = 1 / (N x [err]) [sec]. puts of the
buffer amplifier 12 are respectively  45 connected to source lines 15,
extending in the         Therefore, when all steps of the X driver are
column direction of the active-matrix liquid crystal  connected in cascade
and the data are sampled by panel 3. To shift register 4 are applied a
start pulse  a single clock, the necessary clock frequency [err] is XSP and
a clock signal XCL.                        obtained as The Y driver 2
includes a shift register 13   50 having N steps and N buffer amplifiers
14, respec- tively connected to the outputs of the N steps of
[err] the shift register 13. The outputs of the buffer amplifiers 14 are
respectively connected to gate lines 16 extending in the row direction of
the   55 active-matrix liquid crystal display panel 3.          For
example, when M = 1000, N = 1000 and As already mentioned, the
active-matrix liquid  the refresh frequency [err] = 100 Hz, the clock
crystal display panel 3 includes M source lines 15  frequency would have to
be 2    
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such that it becomes ON fCL = 100   [MHz].
state at that time at which the respective level of the stepwise changing
control voltage corresponds However, it is difficult to provide a driver IC
to the input data. The time period of the ON state which can be operated at
such a high speed. To   5   of the analog switching means is independent
from cope with this problem, another construction has  the input data. been
suggested where the X driver is subdivided      It is an object of the
present invention to elimi- into a plurality of X driver units which are
operated  nate the above problems of the prior art and to in parallel. When
the X driver is subdivided into k X  provide a circuit for driving a liquid
crystal display driver units to which the data are input in parallel,  10
panel allowing a superior analogue grey scale dis- the clock frequency for
each X driver unit is [err].  play upon the input of a digital video signal
with a Thus, the X driver units need not be operated at  relatively large
liquid crystal display panel having a such a high speed as mentioned above.
high number of pixels. A block diagram of such a system using a
This object is achieved with a circuit for driving subdivided X driver is
shown in Fig. 3. In this  15  a liquid crystal display panel as claimed.
example two analogue line at a time X driver units   Ways of carrying out
the invention are de- 1' are used as the X driver and are connected to
scribed in detail below with reference to the draw- an active-matrix
display panel 3. The input termi-  ings which illustrate only specific
embodiments and nals of each X driver unit 1' are connected to a  in which:
respective one of two D/A converters 20 which are  20  Fig. 1(a)  is a
block diagram of an X driver of used to convert the digital data received
from two             a circuit for driving a liquid crystal VRAMs VRAM1 and
VRAM2 to analogue video                        display panel according to
the signals [err] and [err]. The necessary clock                 present
invention, and control signals are of course applied to the X   Fig. 1(b)
is a timing chart of input and output driver units I' although not shown in
the drawing.  25         signals of the X driver shown in Fig. The Y dirver
2 is connected to the panel 3 in the              1(a), same manner as
shown in Fig. 2. In a construction    Fig. 1(c)  is a timing chart of input
signals to as shown in Fig. 3 it is necessary to operate the
and internal signals of the X driver D/A converters 20 at a high speed.
Further, when               shown in Fig. 1(a), an offset voltage occurs
between the analogue   30   Fig. 2    is a block diagram of an analogue
outputs of the two D/A converters 20, the contrast             line at a
time driving circuit, ratio of the left half portion of panel 3 will be
Fig. 3    is a block diagram of another em- different from that of the
right half portion and              bodiment of a line at a time driving
further, a vertical line will be perceived at the              circuit,
boundary between the right and the left half por-  35  Fig. 4(a)  is a
circuit diagram of another em- tions of panel 3. Thus, this solution is not
satisfy-          bodiment of the present invention, ing.
Fig. 4(b)  is a timing chart for explaining the In another construction,
the driver receives a              operation of the circuit shown in
digital input signal of K bits and an external power           Fig. 4(a),
supply provides [err] different voltage levels. Cor-  40  Fig. 5(a)  is a
circuit diagram of still another responding to the bit pattern of the
digital input             embodiment of the present inven- signal one of
the 2K voltage levels is selected to be          tion, and applied to a
respective source line. If the number   Fig. 5(b)  is a timing chart for
explaining the of source lines is M, this construction will require a
operation of the embodiment shown very high number of analogue switches,
namely M   45           in Fig. 5(a). x [err]. In view of this high number
of necessary         Reference is first made to Fig. 1(a) which analogue
switches, such a circuit is difficult to be  shows a block diagram of an X
driver of a circuit put into practical use in view of the chip size and
for dirving a liquid crystal display panel according the costs.
to one embodiment of the present invention. The X A circuit for driving a
matrix display device  50  driver shown in Fig. 1(a) comprises a shift
register according to the prior art portion of claim 1 is  21, a latch
circuit 22, a latch circuit 23, a K bit disclosed in the document GB-A-2
070 308. This    binary counter 24, comparators 25, D flipflops 26,
document mentions a thin film EL element as an    level shifters 27 and
analogue switches 28. K cor- example of such a display device. In this
prior art  responds to the number of bits of the digital data the control
voltage has a periodic eight-step   55  input signal 33 (K=4 in the present
example). waveform with each step forming a respective grey  Assuming that
the liquid crystal display panel (not scale reference value. The control
means produce  shown in Fig. 1(a)) has M columns corresponding the control
signal for controlling the ON state of the  to M source lines 15, latch
circuits 22 and 23 each 3    
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Each step of latch circuit 22     control voltage Vcont has a period of 1
H. The comprises K latch elements 29 and each step of     analogue switches
either connect of disconnect the latch circuit 23 comprises K latch
elements 30. To  corresponding source line 15 to or from the input shift
register 21 a clock signal XCL and a start   terminal to which the control
voltage Vcont is ap- [err] XSP are supplied as a shift clock input signal
5   plied. and shift data input signal, respectively. Shift regis-  The
signal [err] shown in Fig. 1(b) is a voltage ter 21 has M steps
sequentially outputting output  actually applied to a corresponding LC
element 18 signals [err] to [err]. The control inputs of the K latch  (Fig.
2). In Fig. 1(b) [err] is the time when due to elements 29 of the n-th step
of latch circuit 22 are  the occurrence of the comparator output signal Y
commonly connected to the output [err] of the n-th  10  the analogue switch
28 disconnects source line 15 step of shift register 21 (n =1 ... M).
Therefore,  from the Vcont input terminal. After that the voltage each step
of the latch circuit 22 latches the K=4  is maintained by the capacitance
of the source line bits of the data input signal 33 (PD1 to PD4) in   15
for a time period t till the next ON state of the synchronism with the
output [err] of the correspond-  analogue switch 28. ing step of shift
register 21. The outputs of latch   is  Fig. 1(c) shows a timing chart of
input signals elements 29 are connected to the inputs of respec-  to and
main internal signals of the X driver of the tive latch elements 30 of
latch circuit 23. The    present embodiment. In Fig. 1(c) XCL is the clock
control terminals of all latch elements of latch cir-  signal and XSP the
start pulse.   [err] ... [err] cuit 23 are commonly connected to a terminal
to    are the first step, second step, third step, ... Mth which a latch
clock signal LCL is supplied. Upon   20  step output signals of shift
register 21. The shift the latch clock signal LCL, the data latched by
register 21 shifts the start pulse XSP in synchro- latch circuit 22 are
transferred in a lump into latch  nism with the falling edge of the clock
signal XCL. ciruit 23. The latch clock signal LCL also resets the  PD 1 - 4
is the four bit data input signal 33. The four bit binary counter 24. Latch
clock signal LCL is  data input signal 33 as shown in Fig. 1(c) is divided
shown in Fig. 1(b). Binary counter 24 is clocked by   25  into blocks, each
block corresponding to the data a grey scale reference signal F16 also
shown in    of one column. The letter i refers to the row num- Fig. 1(b).
Each of M comparators 25 having K bits  ber. Thus, have their first inputs
A0 to A3 (K = 4 in the present case) connected to the outputs of the latch
ele- ments 30 of a corresponding step of latch circuit  30
[err] 23 and their second inputs B0 to B3 connected to the outputs QA to QD
of binary counter 24. Thus,   for instance means the data for (i + 1)th row
and the the K bit output of each of M steps of latch circuit  fifth column.
Latch circuit 22 inputs PD 1 - 4 at the 23 is compared with the output of
counter 24 be    rising edge of [err]  to output   [err] means of
comparators 25. After having been reset  35  ... [err]) is the n-th step
output signal of latch circuit by latch clock signal LCL, the output value
of    22. The latch circuit 23 inputs [err]  at the falling counter 24 is
increased step by step with each     edge of latch clock LCL to output
[err] is the n- pulse of the reference signal F16. When a com-    th step
output signal of latch circuit 23. Again the parator 25 detects conformity
of its first and sec-  letter i refers to the data of the i-th row. ond
input signals, it outputs a comparator output  40   Reference is now made
to Fig. 4(a) showing as signal Y, shown in Fig. 1(b). The comparator output
another embodiment of the present invention a signal Y is input into a
corresponding one of D    circuit diagram of a switch group 28' which may
be flipflops 26 at the next rising edge of the reference  used instead of
analogue switches 28 of Fig. 1(a). signal F16. D flipflop 26 is set by the
latch clock  The switch group 28  comprises discharging signal LCL and
reset by a stop signal STOP. The   45  switches SWD and charging switches
SWV. [err] in output voltage of a D flipflop 26 is raised by a   Fig. 4(a)
is a discharging signal. [err] is a discharg- corresponding level shifter
27 to the driving voltage  ing power supply. In a horizontal scanning
period, of analogue switches 28. A control voltage Vcont is  the source
lines 15 having an initial potential are applied to the inputs of analogue
switches 28. The  discharged by discharging power supply [err] hav- control
voltage has a saw-tooth like wave form as   so  ing an impedance lower than
that of the means shown in Fig. 1(b). The lower level VOFF of the
supplying the control voltage Vcont. This makes it control voltage Vcont
corresponds to a voltage     possible to increase the discharging speed,
making resulting in the OFF condition of the liquid crystal  the time
period t available for charging the signal elements whereas the upper level
[err] of the con-   voltage    longer    and    increasing    the trol
voltage corresponds to a voltage resulting in  55  charging/discharging
ratio of LC elements 18. the ON condition of the LC elements. The control
Fig. 4(b) is a timing chart showing the wave voltage changes L times from
VOFF to VON during    forms of the signals of Fig. 4(a). Upon the initial
one 1 H period. In the present case, L = 1, i.e. the  input of [err] during
one horizontal scanning period, 4    
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by all discharging switches SWD   been explained before, and an output
latch signal so that the potential of all source lines 15 is quickly  OLP.
Further shown are the switch conditions of lowered to the [err] level.
analogue switches SWV and SWD depending on With this embodiment it is
possible to make    the value 0 to 15 of the input data signal (still the
time for charging the LC elements longer and,   5   assuming that the input
data signal has four bits). therefore, this construction is more effective
for a  V-S.H1 is the voltage of the first step sample large-sized liquid
crystal display panel having a  holder 51 depending on the input data
signal value. short horizontal scanning period.                  V0 to V15
are voltage levels with V0 corresponding Reference is now made to Fig. 5(a)
showing a    to the OFF condition of the liquid crystal elements circuit
diagram of still another embodiment of the   10  and V15 corresponding to
the ON condition. When present invention. In addition to the circuit shown
in  the discharging switch SWD is ON, [err] is se- Fig. 4(a), the circuit
of Fig. 5(a) includes a first step  lected, and when the charging switch
SWV is ON, sample holder 51, an analogue switch 52, a second  the signal
Vcont is selected. The situation where step sample holder 53 and an
analogue buffer 54    both switches SWD and SWV are OFF corre- for
amplifying the output current of the second   15  sponds to a high
impedance condition at the input sample holder 53 in order to maintain the
signals  of first step sample holder 51. until the next horizontal scanning
period.             At the time t0 in Fig. 5(b) the discharging This
embodiment allows to cope with problems that  switches SWD are switched on
by the discharging may occur in certain instances with the afore men-
signal [err] and the voltage V-S.H1 of the first step tioned embodiments
according to Figs. 1 and 4.  20  sample holders 51 is lowered to V0 as the
initial The larger the liquid crystal display panel to be   value. At time
t1 the discharging switches SWD are driven is, i.e. the higher the number
of pixels is, the  switched off and the charging switches SWV are higher is
the capacitance of each single source    switched in. The voltage V-S.H1 of
the first step line. The higher the capacitance of the source lines  sample
holders 51 starts to increase with the in- is, the more time is needed to
charge it to the   25  crease of the control voltage Vcont. At time t2 in
respective voltages corresponding to the sampled   Fig. 5(b), the charging
switch SWV will be switched input data signal. With the embodiments
according  off if the associated input data signal sample has to Figs. 1
and 4, the voltage actually applied to a  the value 1. At the time t3 in
Fig. 5(b), the charging source line gradually increases from a reset value
SWV will be switched off if the associated input until the final value
determined by the respective   30  data signal sample has the value 15. In
other sample of the input data signal, as is shown for   words, the ON time
of a charging switch SWV instance in Fig. 1(b). If the capacitance of the
depends on the value of the respective input data source line is relatively
high, the period during  signal sample. The voltage V-S.H1 held by the
first which the signal [err] is applied may not be suffi-  step sample
holder 51 at the time when the charg- cient to charge this capacitance to
the final value of  35  ing switch SWV is switched off depends on the
[err]. In the embodiment of Fig. 5, the said chang-  duration of the ON
period of this charging switch ing voltage corresponding to [err] (actually
a volt-  and thus depends on the value of the respective age corresponding
to 1 or 15 in Fig. 5(b)) is ap-  input data signal sample as is clearly
seen in Fig. plied not directly to the source line but to the first  5(b).
When at time t4 in Fig. 5(b) the output latch step sample holder 51
instead, shown as a capaci-  40  signal OLP goes HIGH, the analogue switch
52 is tor in Fig. 5(a). With a capacitance of the sample  turned on. The
sampled signal voltage is now ap- holder appropriately chosen it can be
ensured that  plied to the source line 15 after having been am- it is
charged up to the final value of the applied  plified by the analogue
buffer 54, and the signal signal voltage. In a manner described below, the
voltage is maintained due to the capacitance of the voltage held by the
first step sample holder 51 is  45  next sample holder 53 until the next
horizontal then applied during the next 1 H period to the     scanning
period. In the construction shown in Fig. respective source line. This
means an additional   1(a) and 4(a), when it is impossible to charge delay
of an 1H period between the sampling of the  signals in the pixels, the
construction additionally digital input data signal 33 and the actual
applica-  including the sample holders and the analogue tion of the signal
to the source line, but ensures  50  buffers is required as shown in Fig.
5(a). that the full signal voltage is applied to the source  As mentioned
above, in the circuit for driving line from the beginning of the
corresponding 1 H   an active-matrix liquid crystal display panel accord-
period. This makes it possible to extend the time  ing to the present
invention, a control voltage is for charging the source lines and the
selected LC  continuously converted L times from a value cor- elements 18
to a full 1 H period and, thus, to obtain  55  responding to the ON state
of the liquid crystal a more superior display. Fig. 5(b) is a timing chart
elements to a value corresponding to the OFF state of signals in the
circuit of Fig. 5(a). Shown are the  of the liquid crystal elements during
one horizontal signal Vcont. [err] and [err] which have already
scanning period. An analogue switch is switched on 5    
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each horizontal scanning pe-       means comprises a shift register means
(21) riod. After that the corresponding source line is     for providing a
shifted output, at least a portion charged until a voltage corresponding to
the digital   of the shifted outputs each being associated input data
signal is reached. Then the analogue        with a pixel along a row during
each horizontal switch is turned off. After that the voltage is main-   5
scanning period; tained by the capacitance of the source line and/or
a plurality of latching means (22, 29; 23, an additional sample holder,
thereby making it pos-    30) each associated with one of the pixels sible
to apply to the LC an analogue signal based      along a row during each
horizontal scanning on a digital input data signal. Therefore, it is easy
period for receiving the K bit digital data to to provide an interface
between several kinds of  10   provide a latched data signal; digital
signal processing systems and the circuit         binary counter means (24)
for producing a according to the present invention. It is not neces-   gray
scale reference signal variable in a range sary to provide a D/A converter
which must be          substantially corresponding to the range of the
operated at a high speed, nor is it necessary to       K bit digital input
data during each cycle of the control an offset voltage as it is the case
with the   15  control voltage; and previously explained prior art analogue
line at a         a plurality of comparator means (25, 38) time X drivers.
In the first embodiment of the         each associated with a latching
means for present invention only one analogue switch is re-      comparing
the latched data signal and the gray quired for each source line which
contributes to       scale reference signal to produce the control decrease
the costs. Finally, the present invention   20  signal. enables to provide
a superior grey scale display and can, therefore, be adapted to several
kinds of  3. The circuit of claim 2, wherein each of said display devices
such as a display device having a      plurality of latching means includes
a first high resolution and a device having a display por-    latching
means (22, 29) for receiving the K bit tion of several kinds of meters.
25       digital data and latching the input in response to a shifted
output of the shift register means Claims
(21) to provide a first latched data signal; and a plurality of second
latching means (23, 1. A circuit for driving a matrix display device
30), each for receiving a common latch clock having M rows and N columns by
video digital  30   signal (LCL) and the associated first latched input
data consisting of K bits wherein K is an    data signal for essentially
simultaneously latch- integer at least equal to one, the columns
ing all of the first latched data signals of the intersecting the rows, a
pixel being formed at     first latching means to produce in each of the
each intersection of a row and a column said       corresponding second
latching means a sec- circuit comprising:                       35
ond latched data signal for application to the analogue switching means
(28; 28') ca-         comparator means (25, 38). pable of an ON and an OFF
state for receiving a control voltage (Vcont) and a control signal  4. The
circuit of claim 2 or 3, wherein the ana- and selectively outputting the
control voltage to  logue switching means includes an analogue each row,
wherein the control voltage varies in  40  switch (28) associated with each
said pixel level at least between an OFF state of the         along a row
for applying a control voltage to liquid crystal display and an ON state at
least   the associated pixel of a level determined by once each horizontal
scanning period; and          the K bit digital input data. control means
(21-26) for receiving the K bit digital input data and producing the
control  45  5. The circuit of claim 2, and including a pluraltiy signal
for controlling the time of commence-       of flip flop storage means (26)
each associated ment of the ON state of the analogue switching     with a
comparator means (38) for storing the means (28; 28') in response to said
input data,    output of the comparator means at least during characterized
in that said circuit is for driv-  each cycle of the control voltage for
applica- ing an active matrix liquid crystal display hav-  50  tion to the
analogue switching means (28). ing a thin film transistor (17) as part of
each pixel, that said control voltage varies continu-  6. The circuit of
claim 5, and including level shift- ously in level and that said control
means(21-     er means (27) for increasing the level of each 26) produces
said control signal for controlling   of the flip flop storage means (26)
for applica- the time period of the ON state of the analog   55  tion to
the analogue switching means (28). switching means (28; 28'). 7. The
circuit of claim 3, wherein each of the first 2. The circuit of claim 1,
wherein the control         and second latching means (22; 23) includes K 6



9                 EP0298255B1                        10 at the beginning of
each horizontal scanning pe-       means comprises a shift register means
(21) riod. After that the corresponding source line is      for providing a
shifted output, at least a portion charged until a voltage corresponding to
the digital   of the shifted outputs each being associated input data
signal is reached. Then the analogue        with a pixel along a row during
each horizontal switch is turned off. After that the voltage is main-   5
scanning period; tained by the capacitance of the source line and/or
a plurality of latching means (22, 29; 23, an additional sample holder,
thereby making it pos-    30) each associated with one of the pixels sible
to apply to the LC an analogue signal based      along a row during each
horizontal scanning on a digital input data signal. Therefore, it is easy
period for receiving the K bit digital data to to provide an interface
between several kinds of  10   provide a latched data signal; digital
signal processing systems and the circuit          binary counter means
(24) for producing a according to the present invention. It is not neces-
gray scale reference signal variable in a range sary to provide a D/A
converter which must be          substantially corresponding to the range
of the operated at a high speed, nor is it necessary to       K bit digital
input data during each cycle of the control an offset voltage as it is the
case with the   15  control voltage; and previously explained prior art
analogue line at a         a plurality of comparator means (25, 38) time X
drivers. In the first embodiment of the         each associated with a
latching means for present invention only one analogue switch is re-
comparing the latched data signal and the gray quired for each source line
which contributes to       scale reference signal to produce the control
decrease the costs. Finally, the present invention   20  signal. enables to
provide a superior grey scale display and can, therefore, be adapted to
several kinds of  3. The circuit of claim 2, wherein each of said display
devices such as a display device having a      plurality of latching means
includes a first high resolution and a device having a display por-
latching means (22, 29) for receiving the K bit tion of several kinds of
meters.               25      digital data and latching the input in
response to a shifted output of the shift register means Claims
(21) to provide a first latched data signal; and a plurality of second
latching means (23, 1. A circuit for driving a matrix display device
30), each for receiving a common latch clock having M rows and N columns by
video digital  30   signal (LCL) and the associated first latched input
data consisting of K bits wherein K is an    data signal for essentially
simultaneously latch- integer at least equal to one, the columns
ing all of the first latched data signals of the intersecting the rows, a
pixel being formed at     first latching means to produce in each of the
each intersection of a row and a column said       corresponding second
latching means a sec- circuit comprising:                        35
ond latched data signal for application to the analogue switching means
(28; 28') ca-          comparator means (25, 38). pable of an ON and an OFF
state for receiving a control voltage (Vcont) and a control signal  4. The
circuit of claim 2 or 3, wherein the ana- and selectively outputting the
control voltage to  logue switching means includes an analogue each row,
wherein the control voltage varies in  40  switch (28) associated with each
said pixel level at least between an OFF state of the         along a row
for applying a control voltage to liquid crystal display and an ON state at
least    the associated pixel of a level determined by once each horizontal
scanning period; and          the K bit digital input data. control means
(21-26) for receiving the K bit digital input data and producing the
control  45  5. The circuit of claim 2, and including a pluraltiy signal
for controlling the time of commence-       of flip flop storage means (26)
each associated ment of the ON state of the analogue switching     with a
comparator means (38) for storing the means (28; 28') in response to said
input data,    output of the comparator means at least during characterized
in that said circuit is for driv-  each cycle of the control voltage for
applica- ing an active matrix liquid crystal display hav-  50  tion to the
analogue switching means (28). ing a thin film transistor (17) as part of
each pixel, that said control voltage varies continu-  6. The circuit of
claim 5, and including level shift- ously in level and that said control
means (21-    er means (27) for increasing the level of each 26) produces
said control signal for controlling   of the flip flop storage means (26)
for applica- the time period of the ON state of the analog  55  tion to the
analogue switching means (28). switching means (28; 28'). 7. The circuit of
claim 3, wherein each of the first 2. The circuit of claim  1, wherein the
control        and second latching means (22; 23) includes K 6    
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30) which are commonly clocked,    lines, each pixel comprising a thin film
transis- one of said flip flops being associated with       tor (17) having
its gate and source connected each of the K data bits.
to the crossing gate and source lines, respec- tively and having its drain
connected to a con- 8. The circuit of claim 1 or 2, wherein the ana-   5
trol electrode of a liquid crystal element (18), logue switching means
(28') comprises dis-             a first input for receiving a K bit
digital charging switch means (SWD) for receiving a        input signal,
discharging signal and a discharge power sup-          a second input for
receiving a saw-tooth ply input and for selectively applying the dis-
like periodic control voltage the value of which charge power supply input
in reponse to the   10   increases during one period from a first level
discharging signal to the associated column        corresponding to the OFF
condition of the liq- before the application of the control voltage to
uid crystal elements to a second value cor- the column; and
responding to the ON condition of the liquid a charging switch (SWV) for
receiving the       crystal elements, control voltage in response to the
control sig-  15    analogue switches (28; 28'; SWV, SWD) nal, said control
voltage having a higher im-      for connecting and disconnecting the
second pedance than the discharge power supply.           input with the
source lines (15), and control means (21-27) for controlling the 9. The
circuit of claim 8, further comprising third    duration of the ON state of
the analogue latching means (51-53) for receiving the output  20  switches
in accordance with the digital input of the analogue switching means (28,
28') and      signal. latching the signal until the following horizontal
scanning period.                                16. A circuit according to
claim 15, wherein said control means includes M sample-and-hold cir- 10.
The circuit of claim 9, wherein the third latch-  25  cuits (22, 23) for
sampling and holding the ing means includes a first step sample hold
digital input signal and a signal converter (25, circuit (51) for receiving
the output of the ana-  26) for converting each sampled value of the logue
switching means (28, 28') and producing      digital input signal into a
corresponding time a latched sample signal; a second analogue
duration for controlling the duration of the ON switching means (52) for
receiving the latched   30  state of said analogue switches. sample signal
and a second step sample hold circuit (53) for receiving the output ON from
PatentansprUche the second analogue switch for latching the output until
the following horizontal scanning  1. Schaltung zur Ansteuerung einer
Matrixanzei- period.                                    35
geeinrichtung mit M Zeilen und N Spalten durch digitale Video-Eingangsdaten
bestehend 11. The circuit of claim 10, and including analogue    aus K Bits
wobei K eine ganze Zahl von wenig- buffer means (54) between the second
step          stens gleich 1 ist, bei der die Spalten die sample hold
circuit (53) and the associated        Zeilen schneiden und an jedem
Schnittpunkt column of pixels.                          40      einer Zeile
und einer Spalte ein Pixel gebildet wird, wobei die Schaltung umfal3t: 12.
The circuit of claim 10, wherein the first and        eine analoge
Schalteinrichtung (28, 28'), second step sample hold circuits (51, 53) each
die in einen EIN-Zustand und einen AUS-Zu- comprise a capacitor coupled to
a reference        stand versetzbar ist und eine Steuerspannung voltage.
45      (VcDNT) und ein Steuersignal empfAngt und die Steuerspannung
selektiv zu jeder Zeile aus- 13. The circuit of claim 12, wherein the
reference     gibt, wobel der Pegel der Steuerspannung we- voltage is
ground.                                 nigstens einmal pro
Horizontal-Abtastperiode wenigstens zwischen einem AUS-Zustand der 14. The
circuit of any of claims 1 to 13, wherein  5o  FlUssigkristallanzeige und
einem EIN-Zustand the control voltage (Vcont) varies in level by
variiert, und increasing from an OFF state of the liquid             eine
Steuereinrichtung (21-26), die die K- crystal display to at least an ON
state.  -        Bit digitalen Eingangsdaten empfingt und das Steuersignal
zur Steuerung der Zeit des Be- 15. A circuit for driving an active-matrix
liquid cry-  55  ginns des EIN-Zustands der analogen Schalt- stal display
panel (3) comprising M source         einrichtung (28; 28') in Reaktion auf
die En- lines (15), N gate lines (16), N x M pixels at     gangsdaten
erzeugt, the crossing points of the source and gate             dadurch
gekennzelchnet, daO die Schal-    13                EP 0 298 255 B1
14 



tung zur Ansteuerung einer Aktivmatrix-FlIs-       analoge
Schaiteinrichtung jedem  Pixel langs sigkristallanzeige mit einem
Dannfilmtransistor    einer Zeile zugeordnet einen analogen Schalter (17)
als Tell jedes Pixels dient, daB der Pegel   (28) zum Anlegen einer
Steuerspannung eines der Steuerspannung sich kontinuierlich verin-      von
den K-Bit digitalen Eingangsdaten be- dert und daB die Steuereinrichtung
(21-26) das   c  stimmten Pegels an den zugehorigen Pixel Steuersignal zur
Steuerung der Zeitdauer des       aufweist. EIN-Zustands der analogen
Schalteinrichtung (28; 28') erzeugt.                             5.
Schaltung nach Anspruch 2 mit einer Vielzahl von
Flipflop-Speichereinrichtungen (26), von 2. Schaltung nach Anspruch 1, bei
der die Steu-   10  denen jede einer Komparatoreinrichtung (38)
ereinrichtung umfafit:                             zugeordnet ist und das
Ausgangssignal der eine Schieberegistereinrichtung (21) zur
Komparatoreinrichtung wenigstens wihrend je- Lieferung eines verschobenen
Ausgangssi-           des Zyklus der Steuerspannung zur Anlage an gnals,
wobei wenigstens ein Teil der verscho-      die analoge Schalteinrichtung
(28) speichert. benen Ausgangssignale jeweils einem  Pixel  15 lings einer
Zeile wahrend einer Horizontal-    6. Schaltung nach Anspruch 5 mit
Pegelschiebe- Abtastperiode zugeordnet ist,
reinrichtungen (27) zur Erh6hung des Pegels eine Vielzahl von
Latch-Einrichtungen (22,     jeder der Flipflop-Speichereinrichtungen (26)
29; 23, 30), die jeweils einem der Pixel langs     zur Anlage an die
analoge Schalteinrichtung einer Zeile wihrend einer Horizontal-Abtastpe-
2o  (28). riode zugeordnet sind und die K-Bit digitalen Daten zur Ueferung
eines zwischengespeicher-   7. Schaltung nach Anspruch 3, bei der jede der
ten Datensignals empfangen,                        ersten und der zweiten
Latch-Einrichtungen eine Binarzahlereinrichtung (24) zur Erzeu-    (22; 23)
K Flipflops (29; 30) enthalt, die ge- gung eines Graustufenbezugssignals,
das wih-  25   meinsam getaktet werden, wobei jedem der K rend jedes Zyklus
der Steuerspannung in ei-        Datenbits eines der Flipflops zugeordnet
ist. nem Bereich variabel ist, der im wesentlichen dem Bereich der K-Bit
digitalen Eingangsdaten  8. Schaltung nach Anspruch 1 oder 2, bei der die
entspricht, und                                    analoge
Schalteinrichtung (28') eine Entlade- eine Vielzahl von
Komparatoreinrichtungen   3o  schalteinrichtung (SWD) zum Empfang eines
(25, 38). die jeweils einer Latch-Einrichtung      Entladesignals und elnes
Entlade-Stromversor- zugeordnet sind, um das zwischengespeicher-
gungseingangs und zum selektiven Anlegen to Datensignal und das
Graustufenbezugssi-         des  Entlade-Stromversorgungseingangs  als gnal
zur Erzeugung des Steuersignals zu ver-       Antwort auf das Entladesignal
an die zugeord- gleichen.                                 35       nete
Spalte vor dem Anlegen der Steuerspan- nung an die Spalte, und 3. Schaltung
nach Anspruch 2, be! der jede der            einen Ladeschalter (SWV) zum
Empfang Vielzahl von Latch-Einrichtungen eine erste        der
Steuerspannung als Antwort auf das Steu- Latch-Einrichtung (22, 29) zum
Empfang der-K-      ersignal aufweist, wobei die Steuerspannung V>   Bit
digitalen Daten und Zwischenspeicherung   4o    eine hWhere Impedanz als
die Entladestrom- der Eingabe als Antwort auf ein verschobenes
versorgung aufweist. Ausgangssignal der Schieberegistereinfichtung (21) zur
Lieferung eines ersten zwischenge-    9  Schaltung nach Anspruch 8, ferner
umfassend speicherten Datensignals, und                      eine dritte
Latch-Einrichtung (51-53) zum Emp- eine Vielzahl von zweiten
Latch-Einrichtun-  46  fang  des  Ausgangssignals  der analogen gen (23,
30) umfassen, von denen jede ein          Schalteinfichtung (28, 28') und
zur Zwischen- gemeinsames Latch-Taktsignal (LCL) und das
speicherung des Signals bis zur folgenden zugeordnete orste
zwischengespoicherte Da-         Horizontal-Abtastperiode. tensignal
empfangt, um im wesentlichen gleichzeitig alle ersten zwischengespeicherten
6o  10. Schaltung nach Anspruch 9, bei der die dritte Datensignale der
ersten Latch-Einrichtung zwi-     Latch-Einrichtung eine
Abtast-Halteschaltung schenzuspeichem und in jeder der entspre-
(51) einer ersten Stufe zum Empfang des Aus- chenden zweiten
Latch-Einrichtungen ein zwei-      gangssignals der analogen
Schalteinrichtung tes zwischengespeichertes Datensignal zur An-     (28,
28') und zum Erzeugen eines zwischenge- lage an die Komparatoreinrichtung
(25, 38) zu   55  speicherten Abtastsignals, eine zweite analoge erzeugen.
Schalteinrichtung (52) zum Empfang des zwi- schengespeicherten
Abtastsignals und eine 4. Schaltung nach Anspruch 2 odor 3, be! der die
Abtasthalteschaltung (53) einer zweiten Stufe 8 * C   L   M   S    



15                EP0298255B1                       16 zum Empfang des
Ausgangssignals EIN von           des digitalen Eingangssignals in eine
entspre- dem zweiten Analogschalter zur Zwischenspei-      chende Zeitdauer
zur Steuerung der Dauer des cherung des Ausgangssignals bis zur folgen-
EIN-Zustands der analogen Schalter aufweist. den Horizontal-Abtastperiode
aufweist. 5   Revendicatlons 11. Schaltung nach Anspruch 10 mit einer
analo- gen Puffereinrichtung (54) zwischen der Ab-    1. Un circuit prevu
pour I'attaque d'un dispositif tasthalteschaltung (53) der zweiten Stufe
und     de visualisation matriciel ayant M rangees et N der zugeh6rigen
Spalte von Pixeln.                colonnes, par des donn~es d'entree
numeri- 10      ques video comprenant K bits, en designant 12. Schaltung
nach Anspruch 10, bei der die Ab-       par K un entier au moins egal a un,
les colon- tasthalteschaltungen (51, 53) der ersten und      nes formant
des intersections avec les ran- der zweiten Stufe je einen an eine Bezugs-
gees, et un pixel etant forme a chaque inter- spannung angeschlossenen
Kondensator ent-         section d'une rang~e et d'une colonne, ce cir-
halten.                                   15      cuit comprenant: des
moyens de commutation analogiques 1$ Schaltung nach Anspruch 12, bei der
die Be-       (28; 28') capables de prendre un etat conduc- zugsspannung
Masse ist.                           teur et un dtat non conducteur, de
fagon a recevoir une tension de commande (V\/ot) et 14. Schaltung nach
einem der AnsprUche 1 bis 13,  20  un signal de commande et & 6mettre
selective- bei der der Pegel der Steuerspannung (VcoNT)      ment la
tension de commande vers chaque sich durch Anstieg von einem AUS-Zustand
rangde, le niveau de la tension de commande der Flassigkristallanzeige bis
zu wenigstens ei-  variant au moins entre celui qui correspond & nem
EIN-Zustand andert.                           un etat inactif de la
visualisation par cristal 25     liquide, et celui qui correspond a un 6tat
actif, 15. Schaltung zur Ansteuerung einer Aktivmatrix-      au moins une
fois au cours de chaque periode FiUssigkristallanzeigetafel (3), umfassend
de balayage horizontal; et M Source-Leitungen (15), N Gate-Leitun-
des moyens de commande (21-26) qui gen (16), N x M Pixel an den
Kreuzungspunk-       sont destinds a recevoir les donnees d'entr~e ten von
Source- und Gate-Leitungen, wobei  30     numeriques a K bits et a produire
le signal de jeder Pixel einen DOnnfilmtransistor (17) auf-    commande
pour commander l'instant du debut weist, dessen Gate und Source mit den
sich        de l'etat conducteur des moyens de commuta- kreuzenden Gate-
bzw. Source-Leitungen ver-       tion analogiques (28; 28') sous la
d6pendance bunden sind und dessen Drain mit einer Steu-      des donnees
d'entree, erelektrode eines Flissigkristallelemlents (18)  35   caracteris6
en ce quo ce circuit est prevu verbunden ist,
pour attaquer un dispositif de visualisation a einen ersten Eingang zum
Empfang eines         cristaux liquides et a matrice active, ayant un K-Bit
digitalen Eingangssignals,                  transistor a couches minces
(17) faisant partie einen zweiten Eingang zum Empfang einer        de
chaque pixel, le niveau de la tension de sagezahnartigen periodischen
Steuerspannung,  4o  commande precitee varie continuellement, et deren Wart
w~hrend einer Periode von einem        les moyens de commande (21-26)
produisent ersten Pegel entsprechend dem AUS-Zustand         le signal de
commande de fagon a comman- der Flassigkristallelemente zu einem zweiten
der la duree de 14tat conducteur des moyens Wert entsprechend dem
EIN-Zustand der FlOs-       de commutation analogiques (28; 28').
sigkristallelemente ansteigt,             45 analoge Schalter (28; 28';
SWV, SWD)       2. Le circuit de la revendication 1, dans lequel les zum
Verbinden und Trennen des zweiten Ein-        moyens de commande
comprennent des gangs mit den Source-Leitungen (15) und           moyens &
registre a decalage (21) qui sont eine Steuereinrichtung (21-27) zur Steue-
destines a fournir un signal de sortie decale, rung der Dauer des
EIN-Zustands der analo-  60    une partie au moins des signaux de sortie
gen Schalter nach Malgabe des digitalen Ein-      decales 6tant
respectivement associee avec un gangssignals.
pixel le long d'une rang6e pendant chaque p6riode de balayage horizontal;
16. Schaltung nach Anspruch 15, bei der die Steu-        un ensemble de
moyens de m6morisation ereinrichtung M Abtast-und-Halte-Schaltungen   55
(22, 29; 23, 30), chacun d'eux etant associe & (22, 23) zum Abtasten und
Halton des digitalen    l'un des pixels le long d'une rang6e pendant
Eingangssignals und einen Signalumsetzer (25,     chaque periode de
balayage horizontal, pour 26) zur Umsetzung jedes abgetasteten Werts
recevoir les donnees numeriques a K bits de 9    
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signal de donnees memori-      sont destin6s A augmenter le niveau de cha-
se;                                               cun des moyens
d'enregistrement A bascules des moyens compteurs binaires (24) qui
(26) pour l'application aux moyens de commu- sont destin6s A produire un
signal de referen-    tation analogiques (28). ce d'echelle de gris qui
varie dans une plage   5 correspondant pratiquement A la plage des      7.
Le circuit de la revendication 3, dans lequal donnees d'entree num6riques A
K bits, pen-        chacun des premier et second moyens de dant chaque
cycle de la tension de comman-        m6morisation (22; 23) comprend K
bascules de; et                                            (29; 30) qui
sont attaquees par une horloge un ensemble de moyens comparateurs  10
commune, et l'une de ces bascules est asso- (25, 38), chacun d'eux 6tant
associ4 A un         ciee A chacun des K bits de donn~es. moyen de
m6morisation pour comparer le si- gnal de donn6es memoris6 et le signal de
8. Le circuit de la revendication 1 ou 2, dans r~ference d'echolle de gris,
de fagon a produi-   lequel les moyens de commutation analogi- re le signal
de commande.                 15      ques (28') comprennent un 6lement de
com- mutation de d6charge (SWD) qui est destine A 3. Le circuit de la
revendication 2, dans lequel     recevoir un signal de decharge et un
signal chaque moyen de l'ensemble de moyens de           d'entr~e d'une
alimentation de d6charge, et A m6morisation comprend un premier moyen de
appliquer selectivement le signal d'entree d'ali- m~morisation (22, 29) qui
est destin6 I rece-  20  mentation de decharge & la colonne associee, voir
les donndes numeriques & K bits et a         sous l'effet du signal de
ddcharge, avant l'ap- m6moriser l'information d'entr6e sous la de-
plication de la tension de commando a la pendance d'un signal de sortie
ddcal6 des         colonne; et moyens b registre a d6calage (21). pour
four-         un 6l6ment de commutation de charge nir un premier signal de
donnees memoris6; et  25  (SWV) qui est destine & recovoir la tension de un
ensemble de seconds moyens de me-           commande sous l'effet du signal
de comman- morisation (23, 30), chacun d'eux 6tant destine   de, cette
tension de commande correspondant a recovoir un signal d'horloge de
bascules        a une imp~dance superieure a celle de l'ali- commun (LCL)
et le premier signal de donnees      mentation de decharge. memorise
associ6, pour memoriser de fagon  so pratiquement simultanee tous les
premiers si-  9. Le circuit de la revendication 8, comprenant en gnaux de
donn6es m6moris6s du premier             outre un troisibme moyen de
m6morisation 51- moyen de memorisation, de fagon a produire        53 qui
est destind a recevoir le signal de sortie dans chacun des seconds moyens
de m6mori-         des moyens de commutation analogiques (28, sation
correspondants un second signal de   35    28'), et a memoriser le signal
jusqu'a la perio- donn6es m6morise, pour l'application aux          de de
balayage horizontal suivante. moyens comparateurs (25, 38). 10. Le circuit
de la revendication 9, dans lequel le 4. Le circuit de la revendication 2
ou 3. dans       troisieme moyen de memorisation comprend \X)  lequel les
moyens de commutation analogi-  4o      un circuit echantillonneur-bloqueur
de premier ques comprennent un 6l6ment de commutation        etage (51) qui
est destin6 a recevoir le signal analogique (28) associ6 A chaque pixel le
long    de sortie des moyens de commutation analogi- d'une rangee, pour
appliquer au pixel associe     ques (28, 28') et a produire un signal
d'echan- une tension de commande ayant un niveau qui      tillon memorise;
des seconds moyens de com- est d6termine par les donnees d'entr6e num6-  4s
mutation analogiques (52) qui sont destines a riques & K bits.
recevoir le signal d'6chantillon memorise et un circuit
6chantillonneur-bloquour de second 6ta- 5. Le circuit de la revendication
2, comprenant un    go (53) qui est destin4 a recevoir le signal de
ensemble de moyens d'enregistrement a bas-        sortie provenant des
seconds moyens de com- cules (26), chacun d'eux etant associ6 & un  5o
mutation analogiques A l'4tat conductour, pour moyen comparateur (38) pour
enregistror le        mdmoriser le signal de sortie jusqu'a la perio-
signal de sortie du moyen comparateur, .au        de de balayage horizontal
suivante. moins pendant chaque cycle de la tension de commande, pour
l'application aux moyens de    11. Le circuit de la revendication 10,
comprenant commutation analogiques (28).            55       des moyens
amplificateurs-separateurs analo- giques (54) entre le circuit
echantillonneur-blo- 6. Le circuit de la revendication 5. comprenant
queur de second 6tage (53) et la colonne de des moyens de decalage de
niveau (27) qui         pixels associoe. 10  I lItIIJ ILI 1ilii  Sl II l



19                EP 0 298 255 B1                   20 12. Le circuit de la
revendication 10, dans lequel chacun des circuits
6chantillonneurs-bloqueurs de premier 6tage et de second 6tage (51, 53)
comprend un condensateur connect6 a une tension de r~f~rence.
5 13. Le circuit de la revendication 12, dans lequel la tension de
r~f6rence est la masse. 14. Le circuit de l'une quelconque des revendica-
10 tions 1 & 13, dans lequel le niveau de la tension de commando (VzO,)
augmente lors- qu'on passe d'un 6tat inactif de la visualisation a cristal
liquide, a au moins un etat actif. 15 15. Un circuit destini a l'attaque
d'un panneau de visualisation & cristaux liquides a matrice acti- ve (3),
comprenant M lignes de source (15), N lignes de grille (16), N x M pixels
aux points d'intersection des lignes de source et de grille,  2o chaque
pixel comprenant un transistor & cou- ches minces (17) dont la grille et la
source sont respectivement connectdes aux lignes de grille et de source qui
so coupent, et dont le drain est connect6 A une electrode de com-  25 mande
d'un 6lment a cristal liquide (18), une premibre entrde destin~e I recovoir
un signal d'entr~e num~rique a K bits, une seconde entrde destin~e &
recevoir une tension de commande periodique en dents  30 de scie dont la
valeur augmente pendant une p6riode a partir d'un premier niveau corres-
pondant A 1'6tat inactif des 6l6ments a cristal liquide, jusqu'a un second
niveau correspon- dant & l'etat actif des 6lments a cristal liqui-  35 de,
des 6lments de commutation analogiques (28, 28'; SWV, SWD) qui sont
destinids a connecter et & ddconnecter la seconde entree vis-&-vis des
lignes de source (15), et   40 des moyens de commande (21-27) qui sont
destinds & commander la dur6e de l'etat conducteur des 6l6ments de
commutation ana- logiques, conform6ment au signal d'entrde nu- m~rique.
45 16. Un circuit selon la revendication 15, dans le- quel les moyens de
commando comprennent M circuits 6chantillonneurs-bloqueurs (22, 23) qui
sont destinds a 6chantillonner et a bloquer  so le signal d'entrde
num6rique, at un convertis- sour de signal (25, 26) qui est destin6 a
convertir chaque valeur 6chantillonn~e du si- gnal d'entr~e num6rique en
une dur6e corres- pondante, pour commander la dur~e de 1'6tat  55
conducteur des 6lments de commutation ana- logiques. 11    


