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9 A drive circuit for driving an LCD apparatus.

@ A drive device for driving a display apparatus having a display unit which includes a plurality of signal
electrodes arranged in juxtaposition is disclosed. The drive device comprises: a signal electrode drive circuit for
amplitude-modulating an input digital video signal by performing digital-analog conversion, and supplying the
resulting analog signal to one of the signal electrodes; a memory for storing the input digital video signal; a
pulsewidth conversion circuit for converting the stored digital video signal into a pulse signal, the width of the
pulse signal ‘corresponding to the information contained in the stored digital video signal; a pulsewidth-amplitude
conversion circuit for converting the pulse signal into an analog signal the amplitude of which corresponds to the
pulsewidth of the pulse signal; and an output circuit for supplying a drive signal to one of the signal electrodes,
in accordance with the analog signal.
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A DRIVE CIRCUIT FOR DRIVING AN LCD APPARATUS

This invention relates to a drive device for driving a display apparatus and a display apparatus, and
more particularly o a drive device for a display apparatus which is capable of gray-scale dispiay by means
of amplitude modulation and also to a display apparatus which is capable of gray-scale display by means of
amplitude modulation. In this specification, a display apparatus using a matrix-type liquid crystal display unit
will be described as a typical example of a display apparatus, but this invention can also be applied to drive
circuits for other types of display apparatuses such as electroluminescent (EL) display apparatus and
plasma display apparatus, and to such display apparatuses.

Figure 15 shows a matrix liquid crystal display apparatus of the prior art. The matrix liquid crystal
display of Figure 15 employs a TFT liquid crystal panel 100 comprising thin-film transistors (TFT) as the
switching elements for driving pixel electrodes 103. The TFT liquid crystal panel 100 further comprises n
(numbered from 0 to n-1) scanning electrodes 101 positioned parallel to each other and m (numbered from
0 to m-1) signal electrodes 102 positioned parallel to each other and perpendicularly intersecting the
scanning electrodes 101. TFTs 104 for driving the pixel elecirodes 103 are located in the vicinity of the
intersections of the scanning ziectrodes 101 and the signal electrodes 102. One horizontal scanning line is
composed of m pixel electrodes 103 arranged in a row. Counter electrodes 105 which are respectively
opposite to the pixel electrodes 103 are formed. A piurality of counter electrodes are shown in Figure 15,
but actually they are consist of one conductive layer formed in common to all of the pixel electrodes 103. A
fixed voltage v, is impressed on the counter electrodes 105.

The TFT liquid crystal panel 100 is driven by a drive device containing a source driver 200 and gate
driver 300. The source driver 200 and gate driver 300 are connected to the signal electrodes 102 and the
scanning electrodes 101, respectively, of the TFT liquid crystal panel 100. The source driver 200 samples
an input analog video signal or video signal, and holds it. The held signal is supplied to the signal
electrodes 102. The gate driver 300 outputs scanning pulses to the scanning electrodes 101 in sequence.
The timing signal and other signals input to the gate driver 300 and source driver 200 are supplied from a
control circuit 400.

With reference to Figure 18, the source driver 200 will be described in more detail. The source driver
200 comprises a shift register 210, sample and hold circuits 220 and output buffers 230. In the shift register
210, shift pulses input from the control circuit 400 are shifted in accordance with the shift clock, and
sampling pulses are output sequentially to lines B1, Bz, .., Bi, ..., Bm. In conjunction with this, analog
switches ASW1(1), ..., ASW1(i), ..., ASW1(m) become closed in sequence, and sampling capacitors 221 are
charged in sequence up to the instantaneous amplitude v(i, j) of the input analog video signal. Here, v(i, j) is
the instantaneous amplitude of an analog video signal to be written to the pixel electrode 103 corresponding
to the intersection of the ith signal electrode and jth scanning electrode of the TFT liquid crystal panel 100.
in this way, after video signals of one horizontal scanning period are sampled by the sample and hold
circuit 220, an output pulse OE is input, and the video signals are transferred from the sampling capacitors
221 to the holding capacitors 222. The video signal held by the holding capacitors 222 are output to the
signal electrodes 102 via the output buffers 230.

Figure 17 diagrammatically shows waveforms of the input and output signals in the source driver 200.
in Figure 17, v(Csp.(i), V(Ch(i)) and vs(i) denote the voltage of the ith sampling capacitor 221, the voltage of
the ith holding capacitor 222 and the output voltage of the ith output buffer 230, respectively.

The so-called "analog video signal sampling method" drive circuits described above present the
following problems (1) to (4) when attempts are made to increase the size or improve the resolution of a
display panel such as the above-mentioned TFT liquid crystal panel 100.

(1) In a drive device which samples the amplitude of an analog video signal, the accuracy in the
amplitude v(i, j) of a sampled video signal is determined by the time constant established by the on-
resistance Roy of the closed analog switch ASW1(i) and the capacitance Cgp. Of the sampling capacitor
221. Hence, the above-mentioned time constant must be selected so that the frequency band of the video
signal is not narrowed by the sampling. More specifically, assuming the frequency at which the signal level
drops by 3 dB is expressed as (-3 dB) Hz in the frequency characteristic of the input analog video signal,
then the condition in the following equation must be satisfied.
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0.35

»>> £(=-3 dB)
2.2 x RON X CSPL

As the capacity and resolution of display panels (TFT liquid crystal panel 100) are increased, the
frequency band becomes wider, which requires faster sampling, so a low Ron and small Cgp are required
to satisfy the equation above.

The charges in the sampling capacitors 221 are distributed to the holding capacitors 222 by the output
pulse OE, and the voltage of the holding capacitor 222 of the capacitance Cy becomes as follows.

Cgpr(i)

v(Cy(1)) = v(i, 3)
Cspr(i) + Cyli)

= v(i, J)
Cu( )

Cspr(l)
< v(i, 3)

When Cyu(i) < Cgp(i), therefore, v(Cu(i)) is approximately equai to v(i, j). It can be seen that there is a limit
to the minimization of the capacitance Cgp. in order to minimize amplitude attenuation due to charge
distribution from the sampling capacitors 221 to the holding capacitors 222. Further, in order to suppress
deterioration or irregularity of the input/output linearity due to dispersion during production in the on-
resistance Roy as well as in the capacitance Csp, and Cy, the capacitance CspL cannot be made very small.
As this indicates, there is a limit fo the minimization of the capacitance of the sampling capacitors 221, so it
is difficult to greatly widen the frequency band of the input video signal. This problem becomes an obstacle
{o increasing the capacity of a display panel.

(2) Analog video signals are supplied to the source driver 200 via the bus line as shown in Figure 16,
and as the capacity and resolution of a display panel are increased, the frequency band of the video signal
becomes wider and the distribution capacity of the bus line increases. This results in the necessity of a
wideband amplifier in the circuit supplying video signals, and increases the cost of production.

(3) When bus lines for supplying multiple analog video signals are arranged in a color display apparatus
in which RGB video signals are used, as the capacity and resolution of the display panel are increased, the
above-mentioned wideband amplifier is required to have extremely high signal quality in that there can be
no phase differences between the multiple video signals and no dispersion in the amplitude characteristics
or frequency characteristics.

(4) Unlike the displaying in a CRT, in drive circuits for matrix display devices, analog video signals are
sampled according to a clock signal and displayed in pixels arranged in a matrix. Because delays in the
drive device including delays in the bus lines cannot be avoided, it is extremely difficult to accurately
establish the sampling position for the analog video signals. Particularly, when displaying on a matrix
display apparatus a computer graphic image in which the relationship between video signals and pixel
addresses is clearly defined, though in theory it should be possible to perfectly reproduce computer-
generated images on the display panel, shift in the image display position, bleeding of the image, etc., due
to delays in the drive system and deterioration of the frequency characteristics cannot be avoided in drive
circuits using an analog video signal sampling method of the prior art.

It is an object of the present invention to provide a display apparatus which overcomes the above-
discussed and other disadvantages and deficiencies of the prior art.

In accordance with the present invention, there is provided a drive device for driving a display
apparatus having a display u nit which includes a plurality of signal electrodes arranged in juxtaposition, the
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drive device comprising a signal electrode drive means for amplitude-modulating an input digital video
signal by performing digital-analog conversion, and for supplying the resulting analog signal to one of said
signal electrodes

in a preferred embodiment, the signal electrode drive means comprises a memory means for storing
said input digital video signal; a pulsewidth conversion means for converting said digital video signal which
is stored in said memory means, into a pulse signal, the width of said pulse signal corresponding to the
information contained in said stored digital video signal, a pulsewidth-ampliltude conversion means for
converting said pulse signal into an analog signal, the amplitude of said analog signal corresponding to the
pulsewidth of said pulse signal; and an output circuit for supplying a drive signal to said one of said signal
electrodes, in accordance with said analog signal.

In a preferred embodiment, the output circuit comprises a capacitance for holding said analog signal.

In a preferred embodiment, the memory means stores a plurality of input digial video signals which are
required for one horizontal scan.

According to a second aspect of the invention, a display apparatus comprises pixel electrodes arranged
in matrix; a plurality of signal electrodes arranged in juxtaposition; and a drive device for outputting drive
signals for driving said pixel electrodes through said signal electrodes. The drive device comprises: a signal
electrode drive means for amplitude-modulating an input digital video signal by performing digital-analog
conversion, and supplying the resulting analog signal to one of said signal electrodes; and a holding means
for holding said analog signal, said holding means being at the output portion of said drive device.

In a preferred embodiment, the holding means is a capacitance formed between one of said signal
electrodes and a counter electrode which opposes said pixel electrodes.

In a preferred embodiment, the signal electrode drive means further comprises; a memory means for
storing said digital video signal; a pulsewidth conversion means for converting said digital video signal
which is stored in said memory means, into a pulse signal, the width of said pulse signal corresponding to
the information contained in said stored digital video signal; a pulsewidth-amplitude conversion means for
converting said pulse signal into an analog signal, the amplitude of said analog signal corresponding to the
pulsewidth of said pulse signal; and an output circuit for supplying a drive signal to said one of said signal
electrodes, in accordance with said analog signal.

In a preferred embodiment, the memory means stores the plurality of input digital video signals which
are required for one horizontal scan.

Thus, the invention described herein makes possible the provision of:

(1) a drive device for a display apparatus in which deterioration of the frequency characteristics of
video signals due to the sampling time constant can be avoided;

(2) a drive device for a display apparatus in which amplitude attenuation due to the charge
distribution between sampling capacitors and holding capacitors does not occur;

(3) a drive device for a display apparatus in which delay in time due to the dispersion of circuits
constants of circuit elements does not occur;

(4) a drive device for a display apparatus in which processes are mainly conducted on digital signais,
thereby enabling operations of various portions to be thoroughly synchronized; '

(5) a drive device for a display apparatus in which positional shift and bleeding of an image due to
signal delay can be suppressed, thus greatly improving the accuracy and quality of display;

(6) a drive device for a display apparatus in which can be produced at a low cost;

(7) a display apparatus in which deterioration of the frequency characteristics of video signals due to
the sampling time constant can be avoided;

(8) a display apparatus in which amplitude attenuation due to the charge distribution between
sampling capacitors and holding capacitors does not occur;

(9) a display apparatus in which delay in time due to the dispersion of circuits constants of circuit
elements does not occur;

(10) a display apparatus in which processes are mainly conducted on digital signals, thereby enabling
operations of various portions to be thoroughly synchronized;

(11) a display apparatus in which positional shift and bleeding of an image due to signal delay can be
suppressed, thus greatly improving the accuracy and quality of display;

(12) a display apparatus which can be produced at a low cost;

(13) a display apparatus in which the drive device does not require hold capacitors or output buffers;
and ’

(14) a display apparatus in which the deterioration of the display quality due to uneven offset values
of output buffers can be eliminated.

The invention is described further hereinafter, by way of example only, with reference to the accom-
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panying drawings, in which:

Figure 1 is a block diagram of a matrix-type liquid crystal display apparatus in which a drive device
of the invention is used.

Figure 2 is a block diagram of a source driver of the device shown in Figure 1.

Figure 3 illustraies essential portions of a digital data memory and a bit comparison and pulsewidth
conversion circuit of the device shown in Figure 1.

Figure 4 is a circuit diagram of a BPC circuit of the device shown in Figure 1.

Figure 5 illustrates essential portions of a D/A conversion and output circuit of the device shown in
Figure 1.

Figure 6 is a timing chart showing the operation of the BPC circuit and the D/A conversion and output
circuit of the device shown in Figure 1.

Figure 7 is a timing chart showing the display drive operation of the source driver of Figure 2.

Figure 8 is a block diagram of a matrix-type liquid crystal display apparatus according to the
invention.

Figure 9 is a block diagram of a source driver of the apparatus of Figure 8.

Figure 10 illustrates essential portions of a digital data memory and a bit comparison and pulsewidth
conversion circuit of the apparatus of Figure 8.

Figure 11 is a circuit diagram of a BPC circuit of the apparatus of Figure 8.

Figure 12 illustrates essential portions of a D/A conversion circuit of the apparatus of Figure 8.

Figure 13 is a timing chart showing the operation of the BPC circuit and the D/A conversion circuit of
the apparatus of Figure 8.

Figure 14 is a timing chart showing the display drive operation of the source driver of Figure 9.

Figure 15 is a block diagram of a matrix-type liquid crystal display apparatus using a prior art drive
device.

Figure 16 is a circuit diagram of a source driver of the conventional drive device shown in Figure 15.

Figure 17 is a timing chart showing the operation of the source driver of Figure 16.

Figure 1 shows a matrix liquid crystal display apparatus in which a drive device according to the
invention is used. The display apparatus of Figure 1 has a TFT liquid crystal panel 100 as a display unit.
The TFT liquid crystal panel 100 is driven by a drive device 1 comprising a source driver 2, a gate driver
300, and a control circuit 4. The TFT liquid crystal panel 100 and gate driver 300 have essentially the same
configuration as those of the prior art shown in Figure 15, and their detailed description is omitted. The
source driver 2 comprises an up-down counter and decoder circuit 20, a digital data memory 30, a bit
comparison and pulsewidth conversion circuit 40, a level shifter circuit 60, and a D/A conversion and output

- circuit 50. The source driver 2 performs digital-analog conversion of input digital video signals, and sends

the resulting amplitude-modulated analog signals to the signal electrodes 102 of the TFT liquid crystal panel
100. The various signals required by the source driver 2 are supplied from the control circuit 4.

The source driver 2 is iliustrated in more detail in Figure 2. In the source driver 2 of Figure 2 which is
designed for performing color display, the RGB video signals are expressed by 4-bit data Ro - Ras, Go -Ga
and Bo - Bs, respectively. The up-down counter and decoder circuit 20 has an up-down counter 21 and a
decoder 22. The up-down counter 21 receives a U/D signal which specifies counting in the direction of
increase or in the direction of decrease, and a clock signal CK which actuates the counter operation in the
up-down counter 21. The output of the up-down counter 21 is decoded by the decoder 22. The up-down
counter and decoder circuit 20 may be composed of shift registers.

The R signals (Ro - Rs), G signals (Go - Gs) and B signals (Bo - B3) contained in input digital video
signals are latched once by latches 31, 32 and 33, respectively, and, according to the output of the decoder
22, they are then stored in the corresponding memory regions in an R memory 34, a G memory 35 and a B
memory 36 which constitute the digital data memory 30. After digital signals covering one horizontal
scanning period have been stored in the digital data memory 30, a latch strobe signal LS is input so that
the data in the digital data memory 30 are supplied fo the bit comparison and pulsewidth conversion circuit
40 over parallel lines. The output of the bit comparison and pulsewidth conversion circuit 40 is supplied to
the D/A conversion and output circuit 50 via the level shifter circuit 60.

Figure 3 shows a block diagram of the system which processes the R signals in the R memory 34 and
the bit comparison and pulsewidth conversion circuit 40. The R memory 34 comprise memory units 341
which are arranged in a one-to-one correspondence to the signal electrodes 102 of the TFT liquid crystal
panel 100. Each memory units 341 have four memory elements Ro(i) - Ra(i) for storing 4-bit video signals.
The bit comparison and pulsewidth conversion circuit 40 has bit pulsewidth converter (BPC) circuits 41
which correspond respectively to the memory units 341. Digital video signals stored in the memory units
341 are transferred to the corresponding BPC circuits 41, in response to a latch strobe signal LS from the
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conirol circuit 4. Each BPC circuit 41 receives a start pulse ST and count signals Co - Cs from the control
circuits 4 in addition to the latch strobe signal LS. In the BPC circuits 41, video signals input from the
memory units 341 are converted info pulses the width of which correspond respectively to the information
born in the video signals, and the pulses are then supplied to the level shifter circuit 60 as outputs Rew(i). In
order to process G and B signals, systems which are substantially the same as that shown in Figure 3 are
provided.

The operation of the BPG circuits 41 will be described with reference to Figure 4. The BPC circuits 41
comprises latches Lo - Ls, XOR gates 411, a NAND gate 412, and an RS flip-flop 413. In response to the
latch strobe signal LS, the latches Lo - Ls latch video signals Ro(i) Ra(i) in 4 bit R signals. Then, the start
pulse ST is input to the set terminal of the RS flip-flop 413 to set the flip-flop, thereby making the signal
Rew(i) high. The count signals Co - Cs gradually increase in the sequence of (0, 0, 0, 0), (0, 0, 0, 1), ..., (1,
1, 1, 1). The XOR gates 411 compare bit by bit the latched video signal (Ro(i) -Rs(i)) with the count signals
Co - Ca. When the video signal (Ro(i) - Rs(i)) coincides with the count signals Co - Cs (i.e., when the four
bits of the video signal agree thoroughly with those of the count signals), the output RC(j) of the NAND gate
412 becomes low. The output RC(i) of low level is input to the reset terminal of the RS flip-flop 413 to return
the signal Rew(i) to low level. In this way, input video signals are converted into pulses the width of which
correspond respectively to the information born in the video signals.

The pulse width of the signal Rew(i) is converted to an amplitude of a voltage signal by the level shifter
circuit 60 and the D/A conversion and output circuit 50. For each signal electrode 102 of the TFT liquid
crystal panel 100, as shown in Figure 5, the level shifter circuit 60 comprises a level shifter 61, and the D/A
conversion and output circuit 50 comprises an analog gate 52, a hold capacitor 53, and an output buffer 54.
The level of the signal Rew(i) is converted to the Vec-Vpp power supply systems by the level shifter 61. The
up-down counter 20, digital data memory 30, and bit comparison and pulsewidth conversion circuit 40 are
logic circuits which can operate with the power supplies of Vgc = 5 V and Vgg = 0 V. In order to drive the
TFT liquid crystal panel 100, however, they generally require a power source voltage which is higher than
that used for logic circuits. This is the reason why the above-mentioned level conversion must be
performed.

The signal Rew(i) which has been level-shifted is used for operating the analog gate 52. The control
circuit 4 supplies to the analog gate 52 a voltage signal AS the level of which increases or decreases
stepwise in synchronization with the change of the count signals Co - Cs (Figure 6). When the signal Rpw(i)
is high level, the analog gate 52 is closed so that the voltage of the hold capacitor 53 varies following the
change of the voltage signal AS. When the signal Rew(i) becomes low level, the analog gate 52 is opened,
thereby fixing the voltage of the hold capacitor 53 to the voltage level which appears at the terminal of the
analog gate 52 (i.e., which is the level of the voltage signal AS) immediately before the analog gate 52
becomes opened. The hold capacitor 53 is coupled to the input of the output buffer 54 which then outputs a
voltage signal R(i) for driving the signal electrode 102 of the TFT liquid crystal panel 100. The level of the

~ signal R(i) corresponds to that of the hold capacitor 53. Each portions of the level shifter circuit 60 and D/A

conversion and output circuits 50 which correspond to the signal electrodes 102 operate in parallel in a
similar manner as described above. '

Figure 6 illustrates the above operation by showing the waveforms of the voltage signal AS, the count
signals Co - C3, the start pulse ST, and the signals RG(i), Rew(i) and R(i) which are obtained when the input
video signal (Ro(i) - Ra(i)) is (0, 1, 1, 1). When the start pulse ST is input, the signal Rew(i) becomes high.
When the count signals Co - C3 reach (0, 1, 1, 1), the signal Rew(i) returns to the low level, and the output
signal R(i) is fixed to the level at this point.

The timing of display drive in the source driver 2 is shown in Figure 7. The relationships betwen the
signal Gew(i) and voltage signal G(i) and the video signals Go - Gs, and the signal Bew(i) and voltage signal
B() and the video signals Bo - Bs are the same as the above-described relationship between the signal
Rpw(i) and voltage signal R(j) and the video signals Ro - Rs. As seen from Figure 7, the video signal for the
jth horizontal scanning fine are D/A-converted by utilizing the entire of the (j+1)th horizontal scanning
period following the jth horizontal scanning period, and the obtained analog signals are transferred to the
signal electrodes 102. Therefore, the process of storing the input video signals into the digital data memory
30 must be done quickly, but D/A conversion can be done at a slower rate.

Further, the TFT liquid crystal panel 100 and other display panels deteriorate more quickly when a DC
component is contained in the impressed voltage. In this embodiment, the increase and decrease of the
level of the signal AS from which the voltages applied to the liquid crystal panel 100 are generated occur
alternately as each horizontal scanning period elapses, in order to prevent deterioration of the display panel.

Figure 8 shows a display apparatus according to the invention. The embodiment shown in Figure 8 is a
matrix-type liquid crystal display apparatus comprising a TFT liquid crystal panel 100 as a display unit, and
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has a similar configuration as the display apparatus of Figure 1 except that a D/A conversion circuit 55 is
provided instead of the D/A conversion and output circuit 50. The configuration of the embodiment will be
described regardliess of repetition. The TFT liquid crystal panel 100 is driven by a drive device 1
comprising a source driver 2, a gate driver 300 and a control circuit 4. The TFT liquid crystal panel 100 and
gate driver 300 have essentially the same configuration as those of the prior art shown in Figure 15. The

.source driver 2 comprises an up-down counter and decoder circuit 20, a digital data memory 30, a bit

comparison and pulsewidth conversion circuit 40, a level shifter circuit 60, and the D/A conversion circuit
55. The various signals required by the source driver 2 are supplied from the control circuit 4.

The source driver 2 is illustrated in more detail in Figure 9. In the source driver 2 of Figure 9 which is
designed for performing colour display, the RGB video signals are expressed by 4-bit data Ro - Ra, Go -Gs°
and Bo - Bj, respectively. The up-down counter and decoder circuit 20 has an up-down counter 21 and a
decoder 22. The up-down counter 21 receives a U/D signal which specifies counting in the direction of
increase or in the direction of decrease, and a clock signal CK which actuates the count operation in the up-
down counter 21. The output of the up-down counter 21 is decoded by the decoder 22. The up-down
counter and decoder circuit 20 may be composed of shift registers.

The R signals (Ro - Rs), G signals (Go - Ga) and B signals (Bo - Bs) contained in input digital video
signals are latched once by latches 31, 32 and 33, respectively, and, according to the output of the decoder
22, they are then stored in the corresponding memory regions in an R memory 34, a G memory 35 and a B
memory 36 which constitute the digital data memory 30. After digital video signals covering one horizontal
scanning period have been stored in the digital data memory 30, a latch strobe signal LS is input so that
the data in the digital data memory 30 are supplied to the bit comparison and pulsewidth conversion circuit
40 over parallel lines. The output of the bit comparison and pulsewidth conversion circuit 40 is supplied to
the D/A conversion circuit 55 via the level shifter circuit 60.

Figure 10 shows a block diagram of the system which processes the R signals in the R memory 34 and
the bit comparison and pulsewidth conversion circuit 40. The R memory 34 comprise memory units 341
which are arranged in a one-to-one correspondence to the signal electrodes 102 of the TFT liquid crystal
panel 100. Each memory units 341 have four memory elements Ro(i) - Rs(i) for storing 4-bit video signals.
The bit comparison and pulsewidth conversion circuit 40 has bit pulsewidth converter (BPC) circuits 41
which correspond respectively to the memory units 341. Digital video signals stored in the memory units
341 are transferred to the corresponding BPC circuits 41, in response fo a latch strobe signal LS from the
control circuit 4. Each BPC circuit 41 receives a start pulse ST and count signals Co - Cs from the control
circuits 4 in addition to the latch strobe signal LS. In the BPC circuits 41, video signals input from the
memory units 341 are converted into pulses the width of which correspond respectively to the information
born in the video signals, and the pulses are then supplied to the level shifter circuit 60 as outputs Rew(i)- In
order to process G and B signals, systems which are substantially the same as that shown in Figure 10 are
provided.

The operation of the BPC c:rcunts 41 will be described with reference to Figure 11. The BPC circuit 41
comprises latches Lo - L3, XOR gates 411, a NAND gate 412, and an RS flip-flop 413. In response to the
latch strobe signal LS, the latches Lo - Ls latch video signals Ro(i) - Rs(i) in 4-bit R signals. Then, the start
pulse ST is input to the set terminal of the RS flip-flop 413 to set the fiip-flop, thereby making the signal
Rew(i) high. The count signals Co - Cs gradually increase in the sequence of (0, 0, 0, 0), (0, 0,0, 1), ..... (1,
1, 1, 1). The XOR gate 411 compares bit by bit the latched video signal (Ro(i) -Rs(i)) with the count signals
Co - Ca. When the video signal (Ro(i) - Ra(i)) coincides with the count signals Co - Cs (i.e.. when the four
bits of the video signal agree thoroughly with those of the count signals), the output RC(iy and the NAND
gate 412 becomes low. The output RC(j) of low level is input to the reset terminal of the RS flip-flop 413 to
return the signal Rew(i) to low level. In this way, input video signals are converted into pulses the width of
which correspond respectively to the information born by the video signals.

The pulse width of the signal Rew(i) is converted to an amplitude of a voltage signal by the level shifter
circuit 60 and the D/A conversion circuit 55. For each signal elecirode 102 of the TFT liquid crystal panel
100, as shown in Figure 12, the level shifter circuit 60 comprises a level shifter 61, and the D/A conversion
circuit 55 comprises an analog gate 52. In Figure 12, also shown are the jth scanning electrode 101, the
TFT 104, the pixel electrode 103, and the counter electrode 105. The level of the signal Rew(i) is converted
to the Vee-Vpp power supply systems by the level shifter 61. The up-down counter 20, digital data memory
30, and bit comparison and pulsewidth conversion circuit 40 are logic circuits which can operate with the
power supplies of Vec = 5 V and Vgs = 0 V. In order to drive the TFT liquid crystal panel 100, however,
they generally require a power source voltage which is higher than that used for logic circuits. This is the
reason why the above-mentioned level conversion must be performed.

The signal Rew(i) which has been level-shifted is used for operating the analog gate 52. The control
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circuit 4 supplies to the analog gate 52 a voltage signal AS the level of which increases or decreases
stepwise in synchronization with the change of the count signals Co - Cs (Figure 13). When the signal Rew(i)
is high level, the analog gate 52 is closed so that the signal AS is applied to the signal electrode 102,
thereby charging or discharging the signal electrode capacitance Cg, of the signal electrode 102. When the
signal Rew(i) becomes low ‘level, the analog gate 52 is opened, thereby fixing the voitage of the signal
electrode capacitance Cg. to the voltage level which appears at the terminal of the analog gate 52 (i.e.,
which is the level of the voltage signal AS) immediately before the analog gate 52 becomes opened. The
signal electrode capacitance Cg. consists mainly of: (1) the capacitance between the signal electrode 102
and the counter electrode 105; (2) the capacitance formed at the intersection of the signal electrode 102
and the scanning electrode 101; and (3) the capacitance between the source electrode and gate electrode
of the TFT 104. Among these capacitances (1) to (3), the capacitance (1) is the largest one. When the
capacitance of one electrode is expressed as Cc(i,j), the following relation can be given.

CsL > Cuefin)

Therefore, the following inequality can be established:

Ron X Ce(i) < Rs. x Csi

where Roy is the ON resistance of the TFT 104, and Rg_ the resistance of the signal electrode 102. As seen
from above, the pixel electrode 103 can be driven sufficiently by the charge accumulated in the signa!
electrode capacitance Cg.. Each portions of the level shifter circuit 60 and D/A conversion circuit 55 whici:
correspond to the signal electrodes 102 operate in parallel and in a similar manner as described above.

Figure 13 illustrates the above operation by showing the waveforms of the voltage signal AS, the count
signals Co Cs, the start pulse ST, and the signals RC(i), Rew(i) and R(i) which are obtained when the input
video signal (Ro(i) - Ra(i)) is (0, 1, 1, 1). When the start pulse ST is input, the signal Rew(i) becomes high.
When the count signals Co - Cs reach (0, 1, 1, 1), the signal Rew(i) returns to the low level, and the output
signal R(j) of the analog gate 52 is fixed to the level at this point.

The timing of display drive in the source driver 2 is shown in Figure 14. As seen from Figure 14, the
video signal for the jth horizontal scanning line is D/A-converted by utilizing the entire of the (j+1)th
horizontal scanning period following the jth horizontal scanning period, and the obtained analog signals are
transferred to the signal electrodes 102. Therefore, the process of storing the input video signals into the
digital data memory 30 must be done quickly, but D/A conversion can be done at a slower rate.

Further, the TFT liquid crystal panel 100 and other display panels deteriorate more quickly when a DC
component is contained in the impressed voltage. In the embodiment, the increase and decrease of the
level of the signal AS from which the voltages applied to the liquid crystal panel 100 are generated occur
alternately as each horizontal scanning period elapses, in order to prevent deterioration of the display panel.

According to the invention, improved drive devices for a display apparatus and improved display
apparatuses are provided which solve the various problems involved in prior art systems in which the
analog video signal sampling method is used.

In the drive device and the display apparatus of this invention, digitized video signals are once stored,
and then transferred. Therefore, deterioration of the frequency characteristics of video signals due to the
sampling time constant, which is a problem in prior art display systems of the analog video signal sampling
type, can be avoided. Further, amplitude attenuation due to charge distribution between the sampling
capacitor and the holding capacitor also does not occur.

in the drive device and the display apparatus of this invention, processes are performed mainly on
digital signals, and operation of the various parts in the device can be thoroughly synchronized. Therefore, a
shift in the display position of the image and image bleeding due to the delays, etc., occurring in the
circuitry can be suppressed, thus greatly improving the display accuracy and display quality of the 3.
These advantages are highly effective in a high fidelity display of high-definition image data, so the: sven
computer graphics can be accurately displayed.

The drive device and the display apparatus of this invention can accommodate display panels with
increased capacity by basically speeding up the logic circuits constituting the memory circuit which stores
input digital video signals. In one embodiment of the invention, the video signal memory circuit is capable
of storing video signals for at least one horizontal scan, so the D/A conversion of the stored digital video
signals can be performed relatively slowly by utilizing the next horizontal scanning period. This not only
contributes to lowering the cost of the drive device, but it also improves display accuracy.

In the display apparatus of the invention, analog signals which have been obtained by D/A conversion
can be stored by utilizing the capacitances formed by the signal electrodes formed in a display unit, thus
eliminating the necessity of providing hold capacitors and output buffers in a drive device. According to the
invention, therefore, the production cost of a display apparatus can be reduced, and the deterioration of the
display quality due to uneven offset values of output buffers can be eliminated.

8
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It is understood that various other modifications will be apparent to and can be readily made by those
skilled in the art without departing from the scope of this invention as defined by the appended claims.

Claims

1. A drive device for driving a display apparatus having a display unit which includes a plurality of
signal electrodes arranged in juxtaposition, said drive device being characterised by a signal electrode drive
means for amplitude-modulating an input digital video signal by performing digital-analog conversion, and
supplying the resulting analog signal to one of said signal electrodes.

2. A drive device according to claim 1, wherein said signal electrode drive means comprises;

a memory means (30) for storing said input digital video signal;

a pulsewidth conversion means for converting said digital video signal which is stored in said memory
means, into a pulse signal, the width of said pulse signal corresponding to the information contained in said
stored digital video signal;

a pulsewidth-amplitude conversion means for converting said pulse signal into an analog signal, the
amplitude of said analog signal corresponding fo the pulsewidth of said pulse signal; and

an output circuit for supplying a drive signal to said one of said signal electrodes, in accordance with said
analog signal.

3. A drive circuit according to claim 2, wherein said output circuit comrises a capacitance for holding
said analog signal.

4. A drive device according to claim 2, wherein said memory means stores a plurality of input digital
video signals which are required for one horizontal scan.

5. A display apparatus comprising: pixel electrodes arranged in matrix; a plurality of signal electrodes
arranged in juxtaposition; and a drive device for outputting drive signals for driving said pixel electrodes
through said signal electrodes,
said drive device being characterised by:

a signal electrode drive means for amplitude-modulating an input digital video signal by performing digital-
analog conversion, and supplying the resulting analog signal to one of said signal electrodes; and

a holding means for holding said analog signal, said holding means being at the output portion of said drive
device.

6. A display apparatus according to claim 5, wherein said holding means is a capacitance formed
between one of said signal electrodes and a counter electrode which opposes said pixel electrodes.

7. A display apparatus according to claim 5, wherein said signal electrode drive means further
comprises;

a memory means for storing said digital video signal;

a pulsewidth conversion means for converting said digital video signal which is stored in said memory
means, into a pulse signal, the width of said pulse signal corresponding to the information contained in said
stored digital video signal; '

a pulsewidth-amplitude conversion means for converting said pulse signal into an analog signal, the
amplitude of said analog signal corresponding to the pulsewidth of said pulse signal; and

an output circuit for supplying a drive signal to said one of said signal electrodes, in accordance with sid
analog signal.

8. A display apparatus according to claim 7, wherein said memory means stores the plurality of input
digital video signals which are required for one horizontal scan.



EP 0 391 654 A2

fiand

L wepenm at,

=]

i - p— et e e AR e -

I LS “
| 1 I 'Old
| LT i
L TL I 1 1| L0} | i
bl T T T T M b _
| T T T T - L !
“ 1-u, " “ o
I e i o =
_ (I _~ L L L v o I m
| 1_14“1 uu..m._l Tt Tt ') o) 1z “ o
[ 1 1 d— IHIHA e
i EENIEARE I <
g - A EE Rl 1 E
TR (e[ ]
- wn
— T T T e s s A — 00t
“ . Lt s BT "
T mmu_' Fx—.lj '_.uﬂl_l . _
i | _
! T T T T o+ “ EEEN “
—
o | o O “
lllll B T « S e ¢ SE R B | ;ﬂ “
S O A A ! ‘ |
_ 7
0SG T~{LNd.LNO ANV NOISHIANOD v/q] { _
{ |
om\“/\ﬁ | mmE_:m d>m,. L TOULNO =)
07 -~ “ANGO md_anv n_s_oo g _ | ._:Mﬂw_m
| L I I
0€T~{{ ___ Avowaw vivd TvLioia _ A !
02 ¥3Q023a B IND a/n | m TVNDIS
“ T 1030IA TVLIDIA
L et e e e e o e e e e et e o e e e e e e e e o o e i e e e ot e -
HIAIHQ 3OHNOS 7 _\

P

¢ 0



*

000000

EP 0 391 654 A2

s
LCJ:{(D 23 - U/D CNT '21}20 )
! 6T becobER —m=T T 22 | —34
pr——) | e e o —— == - - j s, 35 30
Ro-R3 R MEMORY //36
32 T —====== === 1
Go~ ' . (G MEMORY 1 1
v G L O MEOTY / > Yec -Vas
Bo~B3 B MEMORY +5 Vsystem
INPUT | 33 || ——— "
Co-~C3 7 BIT COMP.AND PW CON — 40
LS : ONV.
ST
""""" .60
LEVEL SHIFTER
AS I I I Vec-Voo
cL 1 D/A CONVERSION AND OUTPUT * JHSVSYSTEM
"""""" 50
01 2345 m-m-?-l

OuUTPUT

FIG. 2



EP 0 391 654 A2

09

L

\ HIL4IHS 13ATT € "HOlid
( 1ymdy] (1)mdyf (0)mdy

o 1S

o mU

o ()

0 1D

o 0D

1 o G

A 5 1] _
YAENIm (1)ey = (1)ey - 11]_[(0)ed— L7¢ ov've
(N2 B = | B (1Y —|| [(oxy <~
12d8 Joyd— | ------- 2d8LI] 1948—| [(oy LE
O ==l gyrr] (W e (]| (04— kowg

. 11— €d

Tl Y

1 1Y

1o 0y

| c
¥30093a
/ vt s 13 T 1 VA R )

¢l o NI

4ALNNOD a/n I

iz~ n




EP 0 391 654 A2

Rofi) 1N n
¢ —3 )y_
R1i) ] N
c — )

1 7 -
R (i) 2y \” e
c

2 7
R3(i) L3\~
C3
LS -(>o—|
ST >e—

412

)
)
cae °
-

(SIS )

%9

41

RC(i)

£
—
w

—Qw o

FIG. 4

Rpwi(i)

Y
TO LEVEL SHIFTER
CIRCUIT 60



EP0391 654A2 LY ) Qis: . 1':/:

FIG. 5

Vee
52 54
AS R(i)
vee ——=CH
53 Vpp
Rl v
pw(i) Vi
61
VpD
Co M ML
C1 —_— L ] 1_ T 7 —
Ca m_
std L
Reti) L
Row (i) —J 1

R(i)

FIG. 6



™
)

DECODER PULSE

»y noA

wo

EP 0 391 654 A2

0 no no

] u L

2 2 nZ__

i - —== 1L

M- [ o —== 17"

| ___ jthhpaTA j+1th DATA
Ro-R3 i —— ]
Go- 63 ————— \\\‘ — ]
B0~B3 ——— ' ’ ]
LS =
ST

'-ltb I7I~2NE\\SL____g i th DPRIVE

Rew(i)
Gpw(i )
BPwW(i )

Co

Ci

C2

Cs3

AS

R(l)—r—""




EP 0 391 654 A2

A .M lllll ]
I R 8 Oid
_ ] 1
|
| L T T 1|l “
" Tr T T Tt (1 |
| T T T T _ICI‘A_x “ - “
m il 2
] _ |
| L (Ig) L L L vl @] 1224 ]
|| Ty 90 T s s R A N AN | o
| i S I 5
_ b B 0 I o
._ “ " | w @ m “
L L L 1 1 oI E ] |2 !
LT T T T LA E] oo
.wo: —T_ T T T _W —HE HE H o |
GolL J [ I
B iy A A1 L 1 |
! Trf T T | i
£0t; T T T T b - |
1201 0y !
I rwf  ———= ———— ] 0 [ “
| S A —————— e e e e e e “ _
llllllllllllllllll ———— !
A Vi “
! [[woro NOISHIANOD_v/a { i
| = A _
mmt_zm d>m_._ !
| mm\; ) \— T0UINOGD P oneis HoNAs
| 8\1 "ANOD Md_QNV n_s_oo 1ig u i
I
| 3\\_ AHOW3N_V1vQ JS.GEJ_ A_ o |
! | [ u3dooad w ino an _ “_,_<zo_m 03AIA VLD
| 02 — i
“ .. e
H3IAING 3DOHNOS 7 7



@

U/p
CK

Ro~R3
32
Go~G3

Bo~B3

INPUT
Co~C3
ST

AS
cL

EP 0 391 654 A2

—0Q-Q

U/D CNT

HEENE

2
DECODER __m-17 2

——— ] e e e = = ———
R MEMORY
G MEMORY
B MEMORY

¥ 2209
?

2

A

J

|34

35030

,Qse
> Ve -Vss
+5 V SYSTEM

440

_-60

?-Vcc-Vou
+15Y SYSTEM

OUTPUT

FIG. 9



EP 0 391 654 A2

PEPTSREPP P e s

g mem - -

+
e A T I

09

)
k . HIL4IHS T13ATT OL™OId
( 1)mdyt (1)mdyt (0)Mdy
o 1S
o MU
o NU
o 1D
o 0D
o G
L 5 LE B
AN ma ol || W g 57 || QG N org—="17¢ ..
[ e — § P | DY —||_[(oxy M
Jdd g || - Au%%l. (yd— || [P9d8=|_[(on_ TS
(DY— Imyoy (1)}, (O |- o

— 1|—o €Y

1o Y

1o I}y

T—o 0y

-‘w
A _ 0
- ¥300230
/ e SI7IE|Z]1]O

¢ HILNNOD a/n a M)

| . a
iz N

@ ,




EP 0 391 654 A2

41

" RC{i)
411
g

E-N
—

Rogi) 1N }A‘i
c ) )
° 7
R1(;) . L 411
{ D
Cq )
Ra(i) -2 \H <
€2 / 412
R3(i) L3 \ 411
S
C3
Ls {Se-
ST {>e—

m® 17, J1]

FIG. 11

Rpwii)

Y

TO LEVEL SHIFTER

CIRCUIT 60



(M

Y

AS @j
Vee
101
Rpwi(i)
61
VbD
FIG.13
AS
Co f e IS e IS e I e N e N e W
Cq __1—1_r—1_r—|__r—1_L——
2 ' L J —
C3 I 1
st L
RC(i) ml
Rpw(i) —— 1

52

EP 0 391 654 A2

FIG.12

R(i)




EP 0 391 654 A2 2 0o

uﬁ ’ 0 no n®
2 1 BR i
2 N2 N2
«c < “.. : Tees
a i = -~ i
S | iy [ = LD Ll
w \ - .
a ithhpaTA j+1+th DATA
- ————— ] e —
RO R3 '—‘ /\\1_7 | | -_ o :
Go-G3 ————=7 — —
| D ———— —
Bo- B3 = — — '
A\ A

ST )
Rew(i ) j=1th Dmv&\\\( jth PRIVE
Pw( i 1 s
Gpw(i ) \\ 3 N P

BPw(i)l™ | / :




- =4

~
=)

EP 0 391 654 A2

-
LT T J_ GL*
I
= = LT o | " 9ld
T_r T_r T T _A (] |
T T T T o—1}
’ —..C_ !
1l “ “
T T I 1 Do 0 |
T ()T T T ! b m M T I
T T T T i1 S l<l]™ |
N M m — 1
. r
a0 Hallel 1B
I I I 1 i w| || W]}
T T o . N R 00t
T T T T o R e I _
TN IEIREINE |
I I 1 by |
T_r T _r T I I
T T T T 3| HE . _
Nowl\ : or _
-w| ----- Y| ----- Y I !
T L A
r——f——f—— ————l-— 00Y |
| I
A ¥344ng 1NdLNO |
| I I _ r A TOYHLINOD e
| I TVNDIS "HONAS
] al0H I1dWVS _
I | | | | A _
I , TVYNOIS

—
n
|
I
I
l
|
I
l
I
!

—~
|
!
|
|
!
l
l
l
|
l
x
|
I
l
|
l
|
|
|
|
!
(-



kY

SN,

EP 0 391 654 A2

200
P/
SHIFT PULSE
SHIFT CLOCK SHIFT REGISTER
ANALOG BUS LINE | Bl B2 .-« | BL -+ Bm
VIDEO SIGNAL P, By o
ASW 1 (3) 220
OUTPUT = -
=Nk hd l‘é Iré’ T aowan T 271
L L CH__;__—'—- 1
L R e 1') 230
5(0;77/3(1) V(i) 222 Ywsim-n
0 1 L m-1
Y

TO SIGNAL ELECTRODE

FIG.16



EP 0 391 654 A2

L1°Old

Msn

Q.e«&

:-.735\

(rmal

:-?V\m ((1) HD)A

(f .céw

SR I N

J ((1)14sD) A
(t-['Nr

—\
S SN G O B

L 40

U

L S

LY ;L 3sind
ONITdWYS

.
k,

TVNOIS
03dIN DOTVNV

X

~
o -

-
oy
~
>

4
fl.\\w



	bibliography
	description
	claims
	drawings

