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The present invention relates to a liquid crystal display or other matrix-type
display apparatus suited to using a multiple line selection drive method, and relates
specifically to an improvement of primarily the matrix-type display element module,
controller, and signal electrode driver circuit. 2

In a simple matrix-type liquid crystal display commonly used for fiat panel
display devices, the display data from the microprocessor unit (MPU) is typically
transferred to the LCD module (the liquid crystal display panel (LCD panel)), the scan
electrode drive circuit (Y driver), and the signal electrode drive circuit (X driver) using
one of two basic methods:- by using a matrix-type liquid crystal display element module
controller (simply "module controller” below), or by using an X driver embedded in
RAM.

The module controller method is described first. As with a CRT display
apparatus, the module controller connected to the system bus reads the display data from
a video RAM (VRAM), and sends the data to the LCD module af 2 high frequency clock
to refresh the display. In the latter method, a duat port frame memory (built-in RAM) is
provided in the X driver. This frame memory is directly accessed by the MPU via the
data bus, control bus, or address bus irrespective of the LCD timing to generate the
required control signal in the X driver for changing the display data in the frame
memory. One scan line equivalent of display data is simultaneously read from the built-
in frame memory to refresh the display.

With the moduile controller method above, VRAM data access and transfer co-

ordinated with the LCD timing must be executed each time the display screen is



a video RAM (VRAM, and sends the data to the LCD nodule at a high
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that MPU accggsutiédnf@iléd) @ high speed clock must be used so that MPU access during the
display refresh operation does not collide with module controller access, thus limiting the

use of a low frequency operating module controller and Himiting the processing ability of
the MPU. _ .

Operation at a low frequency clock is possible in the latter method above because
there is no relationship between display data transfer and LCD timing. This method thus
requires 10 - 100 times less power than the module controller method. When using a
large liquid crystal panel, however, the number of X drivers must be increased.

The number of X driver output terminals is generaily a multiple of ten (eg. 160
pins) and not a power of 2 (21, however, because each RAM device built in to the X
drivers has an independent address area. _

When the internal memory of plural X drivers is addressed by the MPU, the
MPU finds apparent gaps in the total memory area, and it is usually difficult to maintain
a continuous sequence of addresses. As a result, the address co-ordination process of the
MPU must be executed at high speed when the entire display area is changed at one time
as during scrolling or panning operations, significantly increasing the processing load on
the MPU.

It is, of course, possible to design the X driver ICs to have an exponent-of-two
number of output pins, but this would seriously impair system interchangmbility because
compatibility with the number of electrodes in existing LC panels would be lost. In

addition, use of plural X drivers necessarily increases the number of chip selection buses,



di splay refresh operation does not collide with nodule controller access,
thus Limting the use of a |low frequency operating nodul e controller and
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lost. In addition, use of plural X drivers necessarily (,nGreases the
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according to the prior art with a signal electrode X driver having a built-in ’;‘rame

memory acéording to the prior art distinguished by intermittently operating the
oscillation source of the high frequency clock for the module controller during display
data transfer.

The present invention provides a matrix display apparatus comprising a matrix
display device of display elements arranged in a matrix pattern, a first random access
memory device for storing the display data, a second random memory device for storing the
display data of at least part of the display elements, a signal electrode drive means for
reading the display data from the second memory device to apply a drive voltage to the
signal electrodes of the matrix display device, an intermittent high frequency oscillator that
oscillates according to changes in the display data stored in the first RAM device, and a
display data transfer means for reading the display data associated with the change from the
first RAM device according to the high frequency clock output from the intermittent high
frequency oscillator, and transferring the read display data together with the high frequency
clock to the second RAM device. |

The present invention also provides comprising an intermittently operating high
frequency oscillator that oscillates according to changes in the display data stored in a first
RAM device, and a display data transfer means for reading the display data associated with

the change from the first RAM device according to the high frequency clock output from



3 and sufficient space for this plural nunber of X drivers to be

I nstald ed around the LC panel nust be provided. This reduces the display
area ratio of the display panel, and inhibits the potential size reduction
of theNLCD nodule. The latter method above i.s therefore unsuited to |arge
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scanning period based on the cycle signal received each scanning period, and a read/write

means for executing a read operation according to the read controf signal and then
executing a write operation according to the write control signal with both operations .
addressing the same address in the RAM device.

A matrix display drive apparatus of this type preferably comprises a clock
detection means for detecting when the high frequency clock used for display data
transfer stops, and a write prohibit control means for preventing generation of the write
control signal based on this detection signal.

The read/write means of this matrix dis;_)lay drive apparatus may comprise a
temporary storage means for sequentially storing at least one scan line of the incoming
display data using the high frequency clock, and a buffer for writing to the second RAM
device the shbred display data from the temporary storage means according to a signal
longer than one cycle of the high frequency clock.

In a matrix display drive apparatus using a multiple line selection drive method,
thé feadlwrite means may comprise a signal voltage state assignment means for
extracting the signal voltage to be applied to the signal electrode from the display data
read fr n the second RAM device and the voltage state of the scanning electrode of the
matrix display device.

This signal voltage state assignment means specifically comprises a means for
reading plural scan lines of display data from the second RAM device on a time-share

basis, a temporary storage means that alternately waits for the read display data, a scan



signal electrodes of the matrix display device, an intermttent high
frequgncy oscillator that oscillates according to changes in the display
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storing plural scan lines of display data for one line address of the matrix display

member, and the signal voltage state assignment means comprises a means for batch
reading plural scan lines of display data, a scan state setting means for specifying the
voltage state of the scan electrode of the matrix display device and a voltage selector for
selecting the drive voltage from the plural scan line display data read from the second
RA device and the selected voltage state of the scan electrode.

The present invention configured for a uniform distribution, multiple line
selection drive method for a scan electrode drive apparatus using a multiple line selection
drive method may comprise a means for simultaneously selecting and cyclically scanning
plural scan electrodes plural times within the period of the frame start signal.

A matrix display control apparatus of this character can reduce the total power
consumption because of intermittent operation of the high frequency clock because the
high frequency clock operates only when there is a change in the display data stored in
the first RAM device, at which time the display data is transferred to the second RAM
device. The processing load on the host MPU for the first RAM device can also be
reduced because the transfer process to the second RAM device is executed not by the
MPU but by an intermediary matrix display control apparatus. By cascade connecting
the drive device of the signal electrodes, display data can be transferred according to the
configuration of the matrix dis_play device without being aware of the driver side

| memory configuration, and the address correlation process can be simplified. The

display can also be refreshed faster because the display data for each scan line is stored



for generating a wite control signal and a read control signal at an
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Embodiments of the present invention will now be described, by way of example,

with reference to the accompanying drawings, in which:-

Figure 1 is a block diagram of the overall configuration of a simple matrix-type
liquid crystal display apparatus according to the preferred embodiment of the present
invention.

Figure 2 is a detailed block diagram of the module controller in a simple matrix-
type liquid crystal display apparatus according to the preferred embodiment;

Figure 3 is a timing chart used to describe the operation of the above module
controller; _

Figure 4 is an illustration of sample pixel on/off states in a simple matrix-type
liquid crystal display apparatus;

Figure 5 is a wave form diagram of the scan electrode wave and signal electrode
wave in a multiplex drive method using voltage averaging; -

Figure 6 is a wave form diagram of the on/off characteristics of the liquid crystal
pixels in a multiplex drive method using voltage averaging;

Figure 7 is a wave form diagram of the scan electrode wave and signal electrode
wave in a uniform distribution, 3-line selection drive method;

Figure 8 is a wave form diagram of the on/off characteristics of the liquid crystal

pixels in the uniform distribution, 3-line selection drive method shown in figure 7;
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di spl gy data, a scan state setting neans for specifying the
voltage state f the scan el ectrode of the matrix display device, an
anticoi nci dence detector for detecting antiegoincidence between the plural
scan Fine equival ent display data and the selected voltage state of the
scan electrode, and a voltage selector for selecting the signal electrode
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Figure 12 is a detailed block diagram of the timing circuit in the signal electrode
driver (X driver);

Figure 13 is a block diagram of the peripheral circuits, signal pulsz assignment |
circuit, level shifter, and voltage selector in the Signal electrode driver (X driver), which
are described by focusing on the m-bit circuit 250m for one signal electrode (one output
Xm);

Figure 14 is a timing chart used to describe the write operation and read
operation in the signal electrode driver;

Figure 15 is a block diagram of an alternative frame memory for the signal
electrode driver; .

and figure 16 is a block diagram of the signal electrode driver using the
alternative frame memory shown in figure 15.

'Fi.'gure 1 is a block diagram of the overall configuration of a simple matrix-type
liquid crystal display apparatus according to the preferred embodiment of the invention.
As shown in figure 1, this simple matrix-type LCD comprisés a programmed host MPU
10, 1 system memory 11 used as the working memory of host MPU 10, a video RAM
{VRAM) 12 for storing the display data at the same address area as system memory 11,
an auxiliary memory 13 for storing images, data, and audio information, a module
controller 100 connected to system bus 14a and dedicated bus 14b, an LCD module 200
display-controlled by module controller 100, an input touch sensor 15, and a touch

sensor controller 16.



drive nethod may conprise a nmeans for sinultaneously selecting and
cycligally scanning plural scan electrodes plural tines within the period
of the frane start signal. A matrix display control apparatus of
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frequency cl ock operates only when there is a change in the display data
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The module controlier 100 comprises a low frequency oscillator 110, a timing
signal generator 120, a standby circuit (display data refresh detection circuit),130, a high
frequency oscillator 140, and a direct memory access (DMA circuit) 150. This low
frequency oscillator 110 comprises a 32 - 512 kHz oscillator, and constantly generates
the low frequency clock fy .

Based on the low frequency clock fy, the timing signal generator 120 generates
the scan start signal (frame start pulse) YD required for the LCD module 200, the line
latch signal (latch pulse) LP for series-parallel conversion of the transferred display data,
and the liquid crystal current alternating signal FR. The standby circuit 130 generates
the intermittent operation start control signal ST when the intermittent operation
command is received directly from the host MPU 10, or when the display data in the
VRAM 12 is updated as determined by monitoring the system bus 14a for
communications with the host MPU 10. The high frequency oscillator 140 generates the
high frequency clock fyy phase synchronised to the low frequency clock ff, during the
intermittent operation start control signal ST apply period. The DMA circuit 150 reads
the display data from the VRAM 12 over dedicated bus 14b by direct memory access,
converts the display data to the bit number or format of data bus 17, and transfers the
display data over the data bus 17 to the frame memories 252-1 ~ 252-N of X drivers

250-1 ~ 250-N during the intermittent operation start control signal ST apply time using

the high frequency fy.
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Figure 6 is a"%ﬁ ‘E‘F%Ié?'agram of the on/off characteristics of the liquid

crystal The standby circuit 130 comprises a system bus interface circuit 131, a line flag

register 132, a comparator 133, and a synchronisation adjuster 134. The line flag .
register 132 stores the transfer command flag, which is set by hose MPU 10, when host
MPU 10 changes the display data in the X driver frame memory of the VRAM 12. The
comparator 133 evaluates the coincidence/anticoincidence of the line address signal RA
and the address of the scan electrode for which the transfer command flag is set to

generate the coincidence signal j. The synchronisation adjuster 134 generates the
intermittent operation start control signal 'ST from the coincidence signal j and the latch

pulse LP. It is to be noted that two intermittent operation start control signals ST are

generated during one horizontal period (1H) of the latch pulse LP because of the use of a
2-line selection/drive method.

‘The synchronisation adjuster 134 comprises an inverter 134a for inverting the
latch pulse LP, a D flip-flop 134b for generating a coincidence signal synchronised to the
latch puise LP drop, and an AND gate 134c setting the pulse width of the |
synchronisation coincidence signal as the intermittent operation start control signal ST
limited to the latch pulse LP period. The VRAM 12 read start address is set by the host
MPU 10.

The high frequency oscillator 140 comprises AND gate 141, high variable
frequency CR oscillator 142, intermittent operation time limiter 143, and AND gate 144,

AND gate 141 generates the oscillation control signal CT from the intermittent operation



pixels in a multiplex drive nethod using voltage averagi ng; Fi gure
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Figur% 8 is a wave formdi agram of the onfeff characteristics of the liquid
crystal pixels in the uniformdistribution, 3-line selection drive nethod
shown in figure 7, . — . . . . —_ .
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assignment e display data in the shift register from the high frequency clock fiy and intermittent
operation end control signal CA.

High variable frequency CR oscillator 142 comprises a CR oscillator formed by
AND gate 1422, inverters 142b and 142c feedback resistors Rj, Ry and R3 and feedback
capacitor Cy, resistance selectors SW1, SW and SW3, and switch selection register
142d. The time constant of the switch selection register 142d is set by the host MPU 10,
which controls the combination of open and closed resistance selectors SW1, SW7 and
SW3 accordingly. Because the feedback resistance (time constant) applied to the CR
oscillator is controlled by changing the combination of open and closed resistance
selectors SW1, SWo and SW+ based on the content of switch selection register 142d, the
value of the oscillation frequency fyy of the CR oscillator can be changed.

The intermittent operation time limiter 143 comprises an inverter 143a, an AND
gate 143b, a preset counter 143c, a variable clock count register 143d, and an inverter
143f,

The inverter 143a inverts and buffers the high frequency clock fyy. The AND

gate 143b passes the high frequency clock fyy only during the HIGH level period of the
intermittent operation end control signal ‘CA. The preset counter 143c resets at the

signal drop of the intermittent operation start control signal ST using as a clock the high

frequency clock fyy input from the AND gate 143b through the inverter 143e. The clock
count register 143d stores the number of high speed clocks SCL (XSCL) required to

transfer one scan line of display data. This number is set by the host MPU 10, The



circuit, level shifter, and voltage selector in the signal electrode driver
(X driver), which are described by focusing on the mbit circuit 250m for

one signal electrode (one output Xm; Figure 14 is a timng chart
used to describe the wite operation and read operation in the signal

el ect fode driver; Figure 15 is a block diagramof an alternative
frame nmenory for the signal electrode driver; and figure 16 is a

bl ock di agra Is . |V ' | frame
remory shown epeEiaE ifRRs o GShe iyt A Gf o Bkt a301 BBl R,
overal | confi duerittent opératiors empéontrobsignat-C4pe |iquid crystal display
apparatus according to the preferred enbodi nent of the invention. As shown
in figure 1, this PMRlcicHRlS0 sorhptizes & direttGdHidryAbcess IDMN) TR 1R AST ah@PY

10, 1 systemnenory 11 used as the working nmenory of host.-MPU 10, a video
RAM (VRAM 1dath@onwdrsion cigeuihi52di Hiel BMAdedntrolier 15tecomtpuiethedeadodocioRSK tathe
systemnenory 11, an auxiliary nmenory 13 for storing inmges, data, and
audi o i nf or nadediegtedbusoldibl usingabeshifbiclogk SCIobasedhome theedincidensestignal p fromithe and
dedi cated bus 14b, an LCD nodul e 200 display-controlled by nodul e .
control | er 106&tandhy qiregitt!30candroutpuis e flag addness dgnabandhflag presas sigoakforthe ling

16.
flag register 132. The data conversion circuit 152 fetches the display data from the

overwrite address in the VRAM 12 at the read clock RSK over the dedicated bus 14b as
read data SD, obtains display data DATA by converting the read data SD using the shift
clock SCL to the bit number or format of the data bus 17, and send the display data
DATA with the shift clock XSCK, the frequency of which is equal to the frequency of
the shift clock SCL., over the data bus 17 to X drivers 250-1 ~ 250-N.

L3

The operation of this module controller 100 is described next with reference to
figure 3. The low frequency oscillator 110 and timing signal generator 120 in the
module controller 100 are normally operating, but it is not necessary for the high
frequency oscillator 140 to operate constantly because frame memories 252-1 ~ 252-N
storing the input display data DATA are built in to X drivers 250-1 ~ 250-N. The high
frequency oscillator 140 therefore operates intermittently, operating only when the
display data in VRAM 12 is updated.

The low frequency oscillator 110 outputs the low frequency clock f, and the
frequency divider 121 of timing signal generator 120 divides the low frequency clock f,
at the specified ratio to generate the latch pulse LP. The latch pulse LP is emitted twice
per horizontal period (1H) at a maximum frequency of 32 kHz ~ 80 kHz for a 640 x 480
pixel monochrome display. The vertical counter 122 counts the latch pulses LP to
generate the line address signal RA and frame start pulse YD; and frame counter 123
counts the frame start pulse YD to generate the liquid crystal current alternating signal
FR. In this embodiment, the low frequency timing signals (latch pulse LP, frame start
pulse YD, and liquid crystal current alternating signal FR) required by the LCD module



8 As in a conventional conputer system comunications control
devi ces and other peripheral devices such as other display devices can be
connected to the system bus 14a as required. The LCD nodul e 200 further
conprlses a sinple matrix-type liquid cryngI di splay (LCD panel) 210. A
scan &l ectrode drive circuit (Y driver IC) 220 for selecting plural scan
el ectrodes Y[err], Y[err] - Y[err] of the LCD panel 210, and signa

Frame memory COAR BEURELEY P niEE b keelar (70 RIS ik s B Ebt"?. gnal
el ectrodes of 85&@1&&?3%@84 gjd% m%f?hecewll?%nﬁﬁglerefrgs-ﬁm %5 SI gnal

controller es a quency 0S

gener at or 120 paftialy RS ﬂierdaw &hénchsﬁigl aaﬁmﬂa&anﬁlﬁafgrﬁﬁﬁneﬁh&shyome%&m@

130, a high equency oscillator 140, and a direCt nmenory access

circuit) 150. 10Res thowansfareamaany fas o &hb@bﬁ&spbﬁ&xngmesm&h@haeﬂag téi‘HZ
oscillator, and constantly generates the |ow frequency clock f[err

Based on the 102vvia setemiinys 1dh and systont bis intebfacd cirguitdl 341 mhusgehenﬂémdrésao
generates the scan start signal (franme start pulse) YD required for the
LCD nodul e 20GignalhiRA |frome thel ertidal eotgtmllZZ lisapdated eachefime Ehef latch patse &P jsar al | el
conversion of the transferred dis data, and the liquid CWI current
al ternating siggmated;Rhempmund&’gemtsmmdmsvgedenmeasthwee signalent

operation start control 81 ST when the intermttent, operation
' RA coincides thh e flag address of the set transfer command flag. The coincidence

signal j is input to the synchronisation adjuster 134, and the intermittent operation start _
control signal ST rises for one horizontal period synchronised to the drop of the latch

pulse LP as shown in figure 3. When the intermittent operation start control signat ST

rises, the osciltation control signal CT output from the AND gate 141 rises, causing one
input to the AND gate 1423 at the first stage of the CR oscillator to be high. The CR
oscillator therefore begins outputting a high frequency oscillation clock fy according to
the feed back constant defined by the combination of open and closed resistance selection
switches SW1 ~ SWy4. The high frequency clock fyy is supplied through inverter 143a,
AND gate 143b, and inverter 143e to preset counter 143c, and is output as shift clock
SCL from the AND gate 144,

This shift clock SCL is a high frequency clock used for DMA circuit 150 display
data reading and transferring.

The preset counter 143c is reset at the drop of the intermittent operation start
control signal ST and the carrier output CA drops to a low level, but when the count
rises to the clock count specified by the clock frequency register 143d, a high level

carrier output CA is output, and the inverted signal of the high level carrier output CA,
ie. the intermittent operation end control signal E, drops as shown in figure 3. When

the intermittent operation end control signal CA drops, the oscillation control signal CT
also drops, and the variable frequency CR oscillator 142 stops oscillating. As a result,

the variable frequency CR oscillator 142 oscillates intermittently, oscillating only during



command is received directly fromthe host MPU 10, or when the display data
in the VRAM 12 is updated as determ ned by nonitoring the system bus 14a
for comunications with the host MPU 10. The hi gh frequency oscillator 140
generates the high frequency clock f[err] phase synchroni sed to the | ow
frequéncy clock f[err] during the interm’t%ent operation start control
signal ST apply period. The DVA circuit 150 reads the display data fr;)m

t he VRAM 12 oyer, ' ' .. conver.ts e
i sl ay dat o {E Pe08 bF FHER B hark Ry s ShEEG JERIR oy AE ey DR sty
di spl ay dat a condwol sigealdST eand\istedrTittent dpeeatibn ancomerobsigesl CA2-ahdgeR&atedtRf X
drivers 250-1 - 250-N during the intermttent operation start control
signal ST apphmtdrof high 16Kty i Qtanbfer the displa

9 ° RE m%mrmi !ngql:‘t?gﬁf%@gc t%%?ﬁ?a%{& gener at orp fZ%at%gorlr.pornFses
a frequency stawilideas dpetified byahe clock covatirdgiter 123d. ARA résily, affen AR o 123.
The frequency divider 121 generates two line [atch signals LP during one
hori zont al pe¢liange inathe displayidata, hanecessary quseifiatjoncyothls variable frequiney CR t i cal
counter 122 counts the line |atch signals LP to generate the |ine address
si gnal ‘RA speR§ciliptard 42 iean he sliminated, thie coneibutingdo reduded powercoasinption) and
the frame start pulse YD. The, frame counter 123 &enerates the liquid
crystal current en the coincidence signal j is output from the comparator 133 of the standby

circuit 130, the DMA controller 151 of the DMA circuit 150 outputs the read clock RSK
over the dedicated bus 14b using the high speed clock SCL.

The display data (new display data) of the overwrite address in the VRAM 12 is .
thus read as shown in figure 3, and input to the data conversion circuit 152 as read data
SD. The read data SD is converted to the bit. number or format of the data bus 17, and
the display data DATA and the shift clock XSCK with a frequency equal to the clock
SCKL are transferred over the data bus 17 to X drivers 250-1 ~ 250-N.

The DMA controller 151 also sends the corresponding flag address signal and
flag preset signal to the line flag register 132, clearing the transfer command flag of the
flag address for the display data read into the data conversion circuit 152, When the
next line address signal RA is generated, the above operation is repeated by the next high
épeed clock SCK, and transfer of two lines of display data DATA is completed in one
horizontal period. When one scan line of display data DATA is transferred, the inverted
carrier signal ‘CA isa low level signal, causing_ the transfer operation to pause.
However, since the transfer data is stored in the frame memories 252-1 ~ 252-N of the X
drivers 250-1 ~ 250-N, there is no affect on the display even if the shift clock XSCL is
turned on and off each scan line. .

By thus providing frame memories 252-1 ~ 252-N in the X drivers 250-1 ~ 250-
N, and providing a low frequency oscillator 110 intcrmittehtly operating the high
frequency oscillator 140, it is possible to restrict transfer of the display data for each

scan line to the frame memories 252-1 ~ 252-N to when only the display data in VRAM



alternating signal FR based on the frame start pulse YD and a specified
count sfromthe vertical counter 122. The standby circuit 130
conprises a systembus interface circuit 131, a line flag register 132, a
conparator 133, and a synchronisation adjuster 134. The line flag register
132 stfores the transfer command flag, whith is set by hose MPU 10, when
host MPU 10 changes the display data in the X driver frane nenory of the
VRAM 12. The conparator 133 eval uates_the coi nci dence/antjcoinci dence of
the |ine addiZeisshanggdalBermuse gonstanhopesatinncefshe high Heequensy oseillator d4RisttBus whi ch

the transfer command flag is set to enerate the cqinci dence sj.gnal ,j. The
synchr oni sat§ignnated, tetab powercoggiipption can b é‘gp’rﬂ"éﬁ“ﬁi ‘iﬂa\é??fi ‘@%‘éﬁ g’t"'l ‘Jdﬁ’@’t %Jr“l

control si gnthST fromthe coincidence signal j and the |latch pulse LP. It
is to be not'SEMMEEE two internmittent operation start control signals ST are

generated Juri 10 e GLIRAR, AL Mnbth R tind ahiloRhiGubroRBERSS
o uSter Lo AreOi3 Shurl o o (hifPately HEVSoy i s kBAET P50 L

or generating-a c synchironi sed to the
l'at ch pul se dgmpdfibifity #ith eRfatin¥\Hsplay Systeafkc setting the pulse width of the
synchroni sati on coinci dence signal™ a@s the intermttent operation start

control signal STt is torbetndted! thatithehigh frequénel Decillitop B0 oftthe hivduléRdhtrdRerr ead

start address is set by the host MPU 10. The hi gh frequency

oscil |l ator 1100 featnyesitiscvariable fomuencyA0R obdilldtor/ B42, &bt it cin alge be cons@icted with

oscillator 142, intermttent operation tine |imter 143, and AND gate 144,
a phase synchronised circuit (PLL) generating a high frequency clock synchronised to the

latch pulse LP. In this case, the high frequency clock is obtained from the dutput of a

voltage controlled osciflator in the phase synchronised circuit.

In addition, the high frequency oscillator 140 can also be replaced by an external
high frequency clock source rather than being built in to the module controller 100.
Alternatively, module controller 100 can be integrated to the host MPU 10 or VRAM 12
semiconductor device, thereby reducing the number of connection buses.
Muitiple line, selection drive method

The construction and operation of the X. driver (signal electrode drive circuit) 250
is described next. preceding this description, however, the principle of the multiple line
selection method on which the invention is based is first described in order to simplify
understanding of the X driver construction, This is necessary because the simple matrix-
type liquid crystal display of the invention is based on an improvement of the method of
simultaneously seleéting plural scan electrodes, ié. the multiﬁle line selection method,
rather than the conventional voltage averaging liquid crystal drive method.

When driving a simple matrix-type liquid crystal display element as shown in
figure 4 by the voltage averaging multiplex drive method, the scan electrodes Yy, Y2,
... Yy, are usually sequentially selection one by one, and the scan voltage is applied. At

the same time, the signal electrode wave is applied to the signal electrodes X1, X3, ...



AND gate 141 generates the oscillation control signal CT fromthe
intermttent operation

10 start control signal ST and intermttent operation end control signal
CA, which is described bel ow The high varjsabl e frequency CR oscill ator
142 oscillates internittently as controlled by the oscillation control
signal CT. The intermttent operation tinme |imted 143 counts the high
frequency cl ocky fabedrling @b tiad diRsks lbtdtel dFahd W Albuy aleindits Dnfthe SHi@ R schiRelectrode to
oscillator 142 to generate the intermttent operation end control signal CA
limting the drivedhaiqitiéotysapelementon tine. AND gate 144 generates the shift
clock SCL for storing the display data in the shift register fromthe high
frequency cl ock f[ axéxample ofrthe applied ooltagepuavatis showanid figure 5.0 Figiires s (a) @Ad

Hi gh variable frequency CR oscillator 142 conprises a_CR osci|lator forned
by AND gate flyare the\wliage wavesppplietl scapelesteaday X¢ land &9, sespeativiiye (¢))is the

Rl err] and R er and feedback, capacitor_Clerr], resistance selectors
SWerr], SW er"P{'l%‘Hamg?‘ﬁo E‘W"E@ﬁ @elaﬁeﬂ‘bdﬁww vollagewavithe ti e
constant of the sw.t selection reqlister, 142d (s, set by e hos U 10,
whi ch contr ol 5@@‘83&%"%&# Bfe °ﬁ%§?&“?€%¥éﬁ&ﬁi%%ﬂi WL,
SW2 and SV\[e?(] accordi ngly. Because the feedback resistance (tine
constant) app ied to the CR oscillator is controlled by changing the

combi nat | on_of opef diiasteeslod SNEAANG SeleFE e oRUBALIone AL S & bin)

SWerr] based on the content o [1"on register
the drive voltage is relatively high. In addition, a relatively high voltage is applied even

in the off state as shown in figure 6, and high attenuation of the voltage in, the on state .
results in poor contrast.

Noticeable flicker during frame gradation is another problem.,

A so-called multiple line selection drive method whereby plural sequential scan
electrodes are simultaneously selected and driven has therefore been proposed as a means
of improving contrast and reducing flicker. (See A Generalised Addressing Technique
Forms Responding Matrix LCDs (1988, International Display Research Conference,.pp.
80-85).

Figure 7 shows an example of the applied voltage wave when driving the liquid
crystal elements using the above multiple line selection method.

In this example, three scan electrodes are simultaneously selected and driven. In
a pixel display as shown in figure 4, the first three scan electrodes Y, Y7, Y3 are
simultaneously selected, and a scan voltage as shown in figtire 7 (a) is applied to the scan
electrodes Y1, Y2, Y3. |

The next three scan electrodes Y4, Y5, Yg are then selected, and a scan voltage
pattern as shown, for example, in figure 7 (b), is applied. This operation is sequentially
executed for all scan electrodes Yy, Yo, ... Yq-

The potential is then reversed at the next frame, thus enabling alternate current

driving of the liquid crystals.



value of the oscillation frequency f[err] of the CR oscillator can be

changed. The intermttent operation tine |imter 143 conprises an
inverter 143a, an AND gate 143b, a preset counter 143c, a variable clock
count register 143d, and an inverter 143f. The inverter 143a

i nvertds and buffers the high frequency cl bek flerr]. The AND gate 143b
passes the high frequency clock f[err] only during the HH GH | evel period of

the intermttent operation end control signal CA . The preset count elr 143c
resets at the siljrthe conventional veliage averrging deme msthed aPncoisas elgptrodeds selggted

AND qat o 14300 Segh s RElG rmGgene. b melnae dng sRsctop i bF Belbston gt "
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coi ncidence signal | fromthe standby cCircuit 130, and outputs the flag
addr ess si gnaearytHatith@golbige afiplifide agpliedGo b givem can electrode added to the voltage

amplitude applied to another scan electrode during one selection period equals zero in

one frame period. This normal orthogonality is the major premise for independent
on/off control of each pixel in a simple matrix LCD. For example, referring to the .
example in figure 7, if the level of Vy is 1 and -V is -1 when selected, the line-column

equation F3 for one frame can be abbreviated as

Equation 1. P15

(1 1-1 1 :

Fig={ 1-1 1 1l =g Equation 1
W11 1 1

because the unselected period is 0. For example, the orthogonality of the first line (Y1)
and second line (Y?) is verified as

( 2 Eixfy=1+(C1)+cl)+1=0 Equation 2
oy 2
J:‘-

A detailed description of orthogonality is simplified below because of the mathematical
content. It is sufficient to note that when driving liquid crystals, the low frequency
component is a cause of flicker. As a result, it is necessary to select the minimum
number of lines and columns necessary to maintain orthogonality when simultaneously
selecting h lines, In general, when simultaneously selecting h lines, the minimum

number of columns required in the distributed selection (the “minimum required



flag register 132. The data conversion circuit 152 fetches the display data
fromtshe overwite address in the VRAM 12 at the read clock RSK over the
dedi cated bus 14b as read data SD, obtains display data DATA by converting
t he read data SD using the shift clock S 7to the bit nunber or format of
the data bus 17, ahd send the di splay data ‘DATA with the shift cl ock XSCK,
the frequency of which is equal to the frequency of the shift clock SCL,
over the data b drivers 250-1 ~ 250- he ration,o
Chis modul o cORERBsEieerher pit ﬁesw.ﬂe}s mﬂemwwwfh&w@gf pbEsihty g’
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menories 252-1 52-N 'storing the input display data DATA are built in to

X drivers 250ndmber’foP sithulthi€oud is@iBctioh'of @18 fiesRROWH b fifiire B40 41 I'whed Rr=2 20,
operates intermttently, operating only when the display data in VRAM 12

i s updated. the sing leIéla:tioﬁggeﬁ Atiizreqiial a6 ehid sirgiloseléction divte(UHS ir the violtige
frequency clock f[err] frequency divider 121 of timng signal
gener at or 120avkraging smethod. | ow frequency clock f[err] at the specified
ratio to generate the latch pulse LP. The latch pulse LPis emtted tw ce
per horizontal perltbﬂxe(snga)ﬂmlmaewmfmmpnemelmfyh@ﬂlﬂb distributedyyoltage levels o
640 x 480 plxel nonochr one, di spl ay. .The vertical_ counter,K 122 counts the

I alt ch pul sesd "ngttﬁéhq isplay.data. o Insthe jvgliage avpraging me the signal
YD, t t h f YD t
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When h lines are simultaneously selected as shown in figure 7, it is necessary to output

an equivalent on/off voltage level for the line selection wave in a set of h lines. This
equivalent on/off voltage level is determined by the anticoincidence C between the signal
electrode data pattern (S14, S24, - Spq) and the column pattern (scan electrode selection
pattern) of the above row/column equation when the values of the on display data and off

display data are "1" and "0", respectively.

C= Z  {fii1+Sip Equation 3.
i=1 -

Note, however, that where the value of fj1 in equation (1) is "1", a value of "0"
is used in equation (3).

The value of C .above ranges from O to h. In the voltage averaging methiod, the
value of C ranges from 0 to 1 because the value of h = 1.

In the example shown in figure 7, the signal electrode data pattern and X driver
output potential are as shown in Table 1. The number of data patterns for each
anticoincidence number shown in Table 1 is the same for each coiumn. As a result, if
the column pattern is determined, the output potential of the X driver can be determined

by directly decoding the X driver output potential from the anticoincidence number or



pul se YD, and liquid crystal current alternating signal FR) required by the
LCD nodul e 12 200 are
generated by the timng signal generator 120. Wen the host MPU 10

conpl etely changes the display data of the VRAM 12 during the refresh
operation or partially changes the data when using a franme sanpling
gradation display, the host MPU 10 sets the transfer command flag in the
correspondi ng address of the line flag register 132 via system bus 14a and
system bus interface circuit 131. Because the |ine address signal RA from
the vertical counter 122 is updated each tinme the latch pulse LPis .
generated, the conparator 133 emts coincidence signal j when the line
address signal RA coincides with the flag address of the set transfer i
command flag. The coincidence signal j is i.nput to the synchronisation.
adjuster 134, and the intermttent operation start control signal ST rises
for one horizontal period synchronised to the drop of the latch pulse LP
as shown in figure 3. Wien the intermttent operation start control signal.
ST rises, the oscillation control signal CT output fromthe AND gate 141,
ri ses, causing one input to the AND gate 142a at the firs i?tage of t V
oscillator to be high‘the CR oscillator therefor begl OUtifttlg@ a

hi gh frequgify ﬁ)Fllla ion clock f[err] according t Mela
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the feed back constant defined by the conbination of open and cl osed

resi steance selection switches SWerr] ~ SWerr]. The high frequency cl ock
flerr] is supplied through inverter 143a, AND gate 143b, and inverter 143e
to preset counter 143c, and is output as shgft clock SCL fromthe AND gate
144, °® This shift clock SCL is a high frequency clock used for DVA
circuit 150 display data reading and transferring. The preset
counter 143c igndl @feRbrodd dith Patehir.p Spécifidadlyl t&b%gﬁhﬁél&i%d@nsr Ime%ﬁé%m
control signal ST and the carrier output CA drops to a lowlevel, but when
t he count ri fipwret?o(c) seobtdinek count specified by the clock frequency

regi ster 143d, a high level <carrier output CAis output, and the inverted
signal of the hi ghDiwlwlofghﬁint@secmmelsﬁAsighai electrede Xy andistanebictroges ¥i{,i on

end control signal CA drops_as shown in figure 3. Wien the intermttent
operation end Q@-ﬁ@r‘%ﬁ mﬁggmﬂmmp@ce tli(@l)oécﬁ)l@f&l'ﬂwmmdlmmﬂaﬁ
al so drops, an vari able frequency CR oscillator 142 stososmllatmg.
As a result, Wé 4he sgan W@‘Eﬁﬁ&q ‘B’é’éf&%’?o‘ln%d&

intermttentl
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flerr] signal &cﬁ%&wa&&oﬁe&mﬁm aﬁd?fed% Sthf thHiRe1t OShOWR in figure 7 (d) is

the voltage wave applied to the pixels at the intersection of the scan electrode Yy and

signal electrode X, ie. the combination of the voltage wave applied to the,scan electrode
Y1 and the voltage wave applied to the signal electrode X.

- As described above, the method whereby plural sequential scan electrodes are
simultaneously selected and driven achieves the same on/off ratio as the conventional
method whereby the lines are selected one by one as shown in figure 5, but also offers
the advantage of minimising the drive voltage on the X driver side. For example, if the
liquid crystal threshold value Vg is 2.1 V and the duty ratio is 1/240, the maximum
drive voltage amplitude on the X driver is approximately 8 V. This means it is not
necessary to use a high voltage resistance integrated circuit for the X driver. This makes
it possible to apply higher resolution semiconductor manufacturing processes than is
possible with the conventional method, and makes it possible to increase economically
the bit number of the built-in RAM of the X driver.

The applicant for the present invention has previously described the multiple line
selection drive method described above in Japanese patent application 1992-143482. In
the uniform distribution, multiple line selection drive method, the matrix display device
using is characterised by a drive circuit for simultaneously selecting sequential plural
scan electrodes, and dividing the selection period to apply a voltage plural times within
one frame. In other words, rather than selecting the display lines once per frame (period

hAt), the display is driven by dividing each frame into plural selection periods, and the



scan line as specified by the clock count register 143d. As a result, when
there rs no change in the display data, unnecessary oscillation by the
vari abl e frequency CR oscillator 142 can be elimnated, thus contributing
to redyced power consunption. Wherp t he coincidence signal | is

out put “fromthe conparator 133 of the standby circuit 130, the DVA
controller 151 of the DVA circuit 150 outputs the read clock RSK over the

dedi cat ed busyoltdfe isthiapplied plugd) tinids @thed 26ingleFame. The voltagd Dethds gppliey dat a
(new di splay data) of the overwite address In the VRAM 12 is, thus read as

shown in fi guleraBtimastb ¢ach pixel in drecraied, aheyebywmaintaining brightndss A6® suppressiag
data SD. The read data SD is converted to the bit nunber or format of the
data bus 17, thedroptineoniraspl The cesullinDalfectds dspetielly significant odien usakindigh a
frequency equal to the clock SCKL are transferred over the data bus 17 to X
drivers 250- 1speedrespagse liquid crystai panelsvpiti a dew sumulativesnesponse ededtds t he

correspondi ng fl ag, agdr ess .Si | and _ f| r t .signal .to the,line fla
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causing the transter operation to pau wever, since the transfer data

I's stored in rpiifed’ aHRs, RERhproved mattible linewlebliG ddvmethod mswm%'a%ui of
250-N, there is no affect on the display even if the shift clock XSCL is

turned on andhepliratacdn elerode palse patterns ratheBhah utputting\thel puige pattppms i@yor i es
252-1 - 252-Nin the X drivers 250-1 - 250- N, and providing a’l ow
frequency osdatchatIbis thbe notedeahatiany sequegceogaa betused)for lvatpiting the selection pulse
oscillator 140, it is possible to restrict transfer of the display data for
each of each selection period in this embodiment, and the sequence can be changed as needed
within one frame. In addition, four column patterns are each separated into four parts,
but any other plural combination, for example two patterns separated into two parts, can
also be used.
Before getting too deep into a discussion of the multiple line selection drive
method, description of the driver is resumed. It should be noted, however, that the LCD
of the present embodiment uses a uniform distribution, multipie line selection drive
method and the driver has a built-in frame memory, but is controlied by module
controller 100. It should therefore be understood that the driver must meet the
requirements of both.
Description of the scan el e drive circuit (Y driver
In the multiple line selection drive method of the driver described below, the
number of simultaneously selected scan electrodes is defined as the smallest possible
number, ie. h = 2, in order to simplify understanding of the circuit function. Therefore,
as shown in figure 9, the column pattern of the scan electrode wave is equal to 2l =2

columns only. By applying two different pulse patterns to two successive scan

electrodes, one frame consists of two fields (2 vertical scans). If the total number of



scan line to the frame nenories 252-1 - 252-N to when only the display data
i n VRAM 14 12 is
changed. Because constant operation of the high frequency oscillator 140 is
thus elimnated, total power consunption g@an be significantly reduced
unl es§ the display data is changed. This intermttent operation is
conpatible with frame sanpling gradation displays and displays with a

smal | novi ng §aReRcAER ié 120, NRerd inald ba b0 JoPdchf di@iddepRdks ©UEMhiilBinkbdsy W t h
exi sting display systens. It is to be noted that the high frequency

osci | | ator 14gkiexted. MEhenmietected partodaiof eny giv@blbelafromethe tpplication abivwe different

frequency CR oscillator 142, but it can also be constructed with a phase

synchroni sed pilsecpitternsho the applicationiofi theeneixt tyo diffecpntpulse pattsois is (G60-hboM sed

to the latch_pulse LP. In this case, the high frequency clock is obtained
fromthe outpié)tof a voltage controlled oscillator |n t he phase

synchroni sed circuj on, the high fre osci !l ] ator
140 can al so be re P%@B@eli?"%‘i’l%‘?‘? i?t&Atvw tig q’d"&@é" B?H‘E’e(aF%lt her

t han bei ng b |n to t he nodul e controller 100. Alternatlvely, nodul e
controller 1 egrated to the host MPU 10 or VRAM 12

As shown in figure 10, Y driver IC 220 is a semiconductor integrated circuit
comprising a code generator 221 for generating the column patizem of each. field based on
the frame start pulse YD and the latch pulse LP. The voltage applied to scan electrodes
Y{ - Yy, in this embodiment has three possible levels: V{ or -V in one selection period,
and 0 V during the unselected period. The selection control information for voltage
selector 222 must have two bits for each of the scan electrodes Y1 - Y. The code
generator 221 required for multiple line selection therefore initialises the field counter
(not shown in the figures) and first and second shift registers 223, 224 at the frame start
pulse YD, and outputs the 2-bit voltage selection codes Dy, D1 corresponding to the
selected column pattern for the first field to the series-parallel conversion first shift
register 223 and second shift register 224. Both first shift register 223 and second shift
register 224 are 120-bit shift registers, corresponding to the number of scan electrodes.
First shift register 223 stores the least significant bit (voltage seka_ction code Dg), and
second shift register 224 stores the most significant bit (voltage selection code D),
based on the same shift clock CK. The shift clock CK is the 1/2-frequency divided latch
pulse LP, and is generated by the timing signal generator (not shown in the figures) of
code generator 221. During the period from the second clock count of the latch pulse
LP to the end of the first field, code generator 221 generates the code for the unselected
pattern.

Because parallel 120-bit shift registers 223, 224 operating at the same shift clock
CK are provided instead of a single 240-bit shift register for the shift clock CK, the shift



sem conduct or device, thereby reducing the nunber of connection buses.
Multiple line, selection drive nethod The construction and operation
of the X driver (signal electrode drive circuit) 250 is described next,
preceding this description, however, the,principle of the multiple |ine

sel ection nmethod on which the invention is based is first described in
order to sinplify wunderstanding of the X driver construction. This is

necessary bgg; | X |~y Gl I lp dj ; t he
mvent fon | RS chTGpUTR E103Rk Bicktench g oh S AU pUBCT, Shd BBt at

sel ecting phyleatenidyoweh&Rér @fmptiof level & powdibiep! € | i ne sel ection nethod,
rat her than the conventional voltage averaging liquid crystal drive nethod.
When driving a sThetsitageselectiohypdes Deiud f otpirsiyedirstistifirepisterd 223eanid secondhown
in figure 4 by the voltage averaging nultiplex drive nethod, the scan

el ect rodes 3lfiftregistery224r arg shifted to thp @djatenhbit wienahé shift ebpok €K sl duyput,cdndct i on
one by one, and the scan voltage is applied. At the sane tine, the signal
el ect rode weutputiis heldfor the selectioncpesiod ddonlyl ectr odes X[err], Xerr],

15 Xm according to the on/off state of the various el enents on the
sel ect ed scan el o shiff gegiger oulpyt jesent o leyed shifter 226 fog corvessignfrem a low An

exampl e of {0f, SR SHEIEYE drpuhliD¥iel "rhi e Stobl 4588 B ) "¢

D1 output as a high logic amplitude level from level shifter 226 are supplied together

with the liquid crystal current alternating signal FR, which was simultaneously level

converted, to decoder 227, which functions as a wave shaper, for generation of the .

selection control signal. By controlling voltage selector 222 with this selection control
_signal, voltage V{, 0, or -V is supplied to scan electrodes Yy - Y.

As shown in figure 10 (b), it is assumed that the function of code generator 221
can be changed using selection terminals MS in the first stage Y driver 1 and each of the
successive Y drivers 2 - n so that plural Y drivers 1 - n can be cascaded. In other
words, in the first stage Y driver 1, the Y driver is first initialised at the frame start
pulse YD, and operation then shifts to the timing for generating the voltage selection
codes used by the two shift registers 223, 224. Because the selection terminal MS is a
low level input in the following stages, however, they do not automatically shift to the
voltage selection code generating timing. Only after the first stage carrier signal FS is
input to the FSI input terminal of the downstream Y drivers 2 - n do the Y drivers output
the voltage selection codes to the two shift registers 223, 224. The first field ends when
the carrier signal FS is output from the last Y driver n. Because the start signal for the
second field is not input at this time, the carrier signal FS from the last Y driver n is fed
back to the FSI terminal of the first Y driver | and to the FS terminal of the X driver,
and the voltage selection code for the second field is generated for the two shift registers

223, 224.



(b) are the voltage waves applied to scan electrodes Y[err] and Y[err],

respegtively, (c) is the vol tage wave applied to signal electrode X1, and
(d) is the conbi ned voltage wave applied to the pixel at the intersection
of the scan electrode Y[err] and the signak el ectrode Xerr]. In
this drive nethod sequentially selecting t % scan el ectrodes one line at a
time, the drive voltage is relatively high. In addition, a relatively high

I ' i ed h h hi, gh
Wt enoati on oF t noTOY R SPtrndf Bicinal fidve 35wl Al ffga@?ssco%f*@&d anﬁg
Not i ceabl e flb% nl | neg}gg% W@n@ftgﬂﬁtﬁﬁﬁ I s anot her probl em

so-called nult ection drive nethod whereby plural sequenti aI

scan el ectrodes o fis Fribdbh aNaeatel the 3R HoRMoR B MiibeLBf fAslIhiena Sigpen
proposed as a neans of inproving contrast and reducing flicker. {See

General i sed Alifbspand argibles thuniseof thersamasrddaenty W;;mwﬂ:@m latth tiﬁlse LP

International D splay Research Conference, pp Figure 7

shows an exanyd wsedfin thecoaysitional voltigecayeragimganethehy driving the liquid
crystal elenments using the above nmultiple line selection nethod.

I n this exanpp 5 gf % 8l & g e8ivebBoni AUk ously sel ected and
driven. In a prx splray as shown 1n it1gure 4, e first three scan
el ectrodes Y[err], Y[err] Y[err] are sinultaneously selected, and a scan

| h i !
vol tage as shown ifud bia drivedd 24E1 S PBOIN el ferteip Cibrp e kit © 1

Y[err], Y[err]. 'he next three scan e

Ylerr] are thpfegpbdeic@fits castddScontiddied sy thd@ip enable output CEO and chip enable

input CEI terminals as shown in figure 1.

¢ .

Unlike the conventional drives with built-in RAM, these X drivers 250-1 ~ 250-N
do not share the system bus 14 connecting directly to host MPU 10, but are simply
connected to module controller 100 via the date bus 17. As shown in figure 11, each of
the X drivers 250-1 ~ 250-N comprises a chip-enable controller 251, a timing circuit
253, a data input controller 254, an input register 253, a write register 256, a line
address register 257, a signal pulse assignment circuit 258, a level shifter 259, and a
voltage selector 260.

The chip enable controller 251 is an active LOW automatic power saving circuit.
Timing circuit 253 generates the required timing signals based on the signals supplied
from primarily the module controller 100. Data input controller 254 reads the display

- data DATA sent from the module controller 100 at the enable signal E. Input register
255'sequentially reads the display data DATA (1 bit, 4 bit, or 8 bit) at each shift clock
XSCL drop, and stores one scan line equivalent of display data DATA. Write register
256 batch latches one scan line equivalent of display data DATA from the input register
255 at the latch pulse LP drop, and writes the data to the memory matrix of the frame
memory (SRAM) 252 within the write time, which is equal to or longer than one shift
clock XSCL. Line address register 257 is initialised by the scan start signal YD, and

sequentially selects the line (word bus) from frame memory 252 each time the write



pattern-as shown, for exanple, in figure 7 (b), is applied. This operation
Is sequentially executed for all scan electrodes Y[err], Y[err],

Y[err]. The potential is then reversed at the next frame, thus
enabling alternate current driving of th23liquid crystals.
16 i In the conventional voltage averagi ng drive nethod, one scan

el ectrode is selected once in each single frane period. In the nultiple
| i ne sel ect i controbsigoal Wm@mmhsigmai@ issapgliel &igdﬂqitnldetaasignmcm circtit me
basis in one_frane, retaining the normal orthogonality of the scan
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el ectrodes as ock, wi t tra i strjbution " ere neans that
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sel ected, t hepltabd SeledtionBade signal output from level shifter 259, and applies the selected

voltage to the signal electrode Xy ~ Xj,.

Known technologies are used in chip enable controller 251, which controls the
power save function separately for each driver chip, and the reiated circuit components .
Chip enable controller 251 generates the internal enable signal for the enabled drivers
only, thus causing the shift clock XSCL and dispiay data DATA to be read into the
enabled drivers, and controls operation of the iming circuit 253 and the data input
controller 254.

This control sequence is repeated at each latch pulse LP cycle. In other words,
when the latch pulse LP is input, the chip enable controller 251 switches all cascaded
driver chips from the power save state to the stzindby state, and the chip enable output
CEO becomes HIGH. Which drivers are enabled or set to the power save state is
determined by the state of the chip enable input CEL. In the embodiment shown in
figure 1, the chip enable input CEI of X driver 250-1 is grounded (active). The internal
enable signal E therefore becomes active, and the shift clock XSCL and display data
DATA are read into the driver, Chip enable controller 251 switches the chip enable
output CEO from a HIGH to a LOW level when the number of shift clocks required to
read the display data equal to the bit capacity of the input register 255 has been input.
The chip enable input CEI for the next-stage X driver 250-2 cascade connected to the
first X driver 250-1 therefore becomes LOW, causing the internal enable signal E of the
next-stage driver to become active. This same operation is repeated for each of the

cascaded X drivers. As a result, the chip enable input CEI for the third to nth X drivers



equation F3 for one frame can be abbreviated as Equation |.P15

[err] = because the unselected period is 0. For exanple, the o
orthogonal ity of the first line (Y[err]) and second line (Y2) is verified
as J[err] A detail ed description of or4 hogonality is sinplified bel ow

because of the mathematical content. It is suffici ent to note that when
driving liquid crystals, the |ow frequency conponent is a cause of

flicker. As a250e%01250-niil séquembtiy3entoy LOWSRVEC ind g d@%mam is ReHAtRlo Bé
| i nes and col utms necessary to maintain orthogonality en sinul taneously

sel ecting h |domeespondinggepmamregisten?fSn si nul t aneously selecting h lines, the

m ni mum nunber of colums required in the distributed selection (the

"M ni mum r equi r ed As a result, there is only one driver reading the display data at any one time and
the power consumption required for display data reading can be minimised even when n
X drivers are cascaded. Time circuit 253 is described below with reference to figure 12
while omitting part of the detailed description. As shown in figure 12, timing circuit
253 comprises an AND gate 253a, a NAND gate 253b, an AND gate 253c¢, an inverted
253d, a first one-shot multivibrator 253-1, a second one-shot multivibrator 253-2, a third
one-shot multivibrator 253-3, a shift clock detector 253-4, and a write prohibit AND
gate 253-5. Y] .

AND gate 253a inputs the shift clock XSCL based on enable signal E response
into the timing circuit 25_3. The AND gate 253c generates two precharge ready pulses
within one latch pulse LP cycle based on the delayed inversion pulse of the latch pulse
LP and write control signal WR input to the timing circuit 253 through the NAND gate
253b in response to the enable signal E.

The first one-shot multivibrator 253-1 generates the precharge control signal PC
of a predetermined pulse width at the rise of the AND gate 253¢ output pulse, thus
functioning as the precharge control signal PC generator.

The second one-shot multivibrator 253-2 is cascade connected to the first one-shot
multivibrator 253-1, and generates the write control signal WR of a predetermined pulse
width at the rise of the delayed inversion pulse of the precharge control signal PC and
the inversion pulse of the latch pulse LP. The second one-shot multivibrator 253-2 thus
functions as the write control signal WR generator.

The third one-shot multivibrator 253-3 is cascade connected to the second one-
shot multivibrator 253-2, and generates the read control signal RD of a predetermined
pulse width at the rise of the delayed inversion pulse of the precharge control signal PC

and the delayed inversion pulse of the write control signal WR. The third one-shot

multivibrator 253-3 thus functions as the read control signal RD generator.



17 di stributed selection nunber”) in one frane, equivalent to the nunber
of colums in the above colum/line equation (1), is the value 2[err]
where n is a natural nunmber and the equation 2[err]<h<2[err] is true. For
exanpl e, the mninmumrequired distributed selection nunber for

si mul taneous sel ection of three |ines sh in figure 8 is 4. Wen h =
2[err], the single selection period [err]t is equal to the single

sel ection ti ' I . ' d. .. S

vol tage ng'e”?oﬁ S Elock Bﬁs&%ﬁ\g‘ﬁg by e Wi i clogk A ftich 7
eterm ned accordi ng t ' | .. ~ [
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sel ected as WRCI}Q@\:}L@@ it deBont onlelshbEmMESEASY 253-Dadétnbrolled by theify slockt

on/ of f voltage or the line selection wave in a set of h lines. This

equi val ent  Qaf«fibn VighdlaWE fra tle shift clotledereansrdsBy4.t he anti coi nci dence C
between the signal “electrode data pattern (S[err], S[err], - S[err and .

the col um pat t erThe(ffrsteoneeshormmltistibratet 2531 comprises & dliprflop ffo
Gata are -1 guiss @556 2536 sNDgan AT, NAND pate 335, invertt 240 el ik 25 i
where the value of flerr] in equation (1) is "1", a value of "0"

NAND ‘gate 253f, and inverter 233j.

The flip-flop formed by NAND gates 253e, 253f set node N1 HIGH at the drop
in the AND gate 353c output. The NAND gate 253g and the inverter 253h generate a .
HIGH precharge control signal PC when node Ny is HIGH.

Delay circuit 253i delays the precharge control signal PC assuming an equivalent
signal delay time in the frame memory 252. Inverter 253] inverts the precharge control
signal PC, and applies the inverted signal to the RESET input of the NAND gate 25§f.

When the input to the SET input terminal of NAND gate 253e drops, node N} is
set to a HIGH level, and when the AND gate 253¢ output next becomes HIGH, the
precharge control signal PC rises. As a result, the NAND gate 253f RESET input drops
after the delay time determined by the delay circuit 253i, and node Ny becomes LOW,
thus causing the precharge control signal PC to drop. The precharge control signat PC
pulse is generated twice during one latch pulse LP cycle because the AND gate 253¢
output rises at the latch pulse LP rise and at the rise of the delay signal for the write
control signal WR.

The second and third one-shot multivibrators 253-2 and 253-3 are nearly identical
in structure to the first one-shot multivibrator 253-1, and like parts are therefore
identified with like reference numerals in figure 12. The second one-shot multivibrator
253-2 differs from first one-shot multivibrator 253-1 in that NAND gate 253g" takes
three inputs, the delayed inversion signat of the precharge control signal PC, the inverted

latch pulse LP signal, and node Ny of NAND gate 253e, and the delay circuit 253k



I's used in equation (3). The val ue of C above ranges fromO to h
In the vol tage averagi ng nethod, the value of Cranges fromO to 1 because
the value of h = 1. In the exanple shown in figure 7, the signa
el ectrode data pattern and X driver outpugspotential are as shown in Table
1. The nunber of data patterns for each anticoincidence nunber shown in
Table 1 is the sane for each colum. As a result, if the columm pattern is

det er mi ned, t faAUho Wrig Q3R sihal WRBGiming!hd ¥fifivAaR sRRatflf ot fffral
tlgﬁ{@ I aence

directly decoding the X driver “output pote romthe anti col nci de
nunber or memory 252. Node Np of NAND gate 253¢ is set HIGH at the drop in thkatch %ﬁ@al

el ectrode data pattern. Specifically, the signal electrode” voltage ve
shown in fi gUPénvérdien sigsal phitahe) NAND gate 253g" dutpi Urdps af thelTRsti dibgibRet i Ng
pi xel s of signal electrode X[err] and scan electrodes Y[err], 2 and Y3 in
figure 4 is, prechaegrieontm] signl®Q (thel firsOrigoinf the dédlisyeddaversion sighalrg

val ues of the scan electrodes during the initial At are, in sequence, 1
(Merr]), 1, engolsignai|PC). Theowutite sontrel signal WR thus dsesc therRESEF input to¥ANDYr e

zero, the output_potential durjng the initial At is of signal_electrode
Xerr] is -] PS3tiepsalior waiing thedelu tipadelsonioed by delas pisuit 253k, and node

N9 becomes LOW, thus causing the write control signal WR to drop. The delayed

inverston signal of the second precharge oontxpl signal PC then rises, but node Ny
remains HIGH because the latch pulse LP is LOW. The output of NAND gate 253g*
therefore remains HIGH, and only one write control signal WR pulse is ougput, based op
the drop in the first precharge control signal PC, during one latch pulse LP cycle.

The third one-shot multivibrator 253-3 differs from first one-shot multivibrator
253-1 in that NAND gate 253g' takes three inputs, the delayed inversion signal of the
precharge control signal PC, the delayed inversion signal of the write control signal WR,
and node N3 of NAND gite 253e, and delay circuit 253k delays the write control signal
WR assuming an equivalent signal delay time in frame memory 252. Node N3 of
NAND gate 253e is set HIGH at the drop in th-e delayed inversion signal of the write
control signal WR (the rise in the write control signal WR) occurring after the first drop
in the precharge control signal PC (the first rise in the delayed inversion signal of the -
precharge control signal PC). As a result, the NAND gate 253g' output drops at the first
drop in the second precharge control signal PC (the first rise in the delayed precharge
control signal PC inversion signal), and the read control signal RD rises. After the delay
time determined by the delay circuit 253m, the NAND gate 253f RESET input rises and
node N3 becomes LOW, thus causing the read control signal RD to drop. Only one read
control signal RD pulse of the predetermined pulse width is therefore output, based on the
drop in the second precharge control signal PC, during one latch pulse LP cycle.

The shift clock detector 253-4 comprises a D flip-flop 253s and a D flip-flop 253t.
D flip-flop 253s has three inputs, the inverse phase clock of the shift clock XSCL as the



each signal electrode is simlarly applied to each of the pixels. Shown in
figure 7 (d) is the voltage wave applied to the pixels at the intersection
of the scan electrode Y[err] and signal electrode X err], ie. the

conbi nati on of the voltage wave applied tprthe scan electrode Y[err] and
the voltage wave applied to the signal el®ctrode X err]. As

descri bed above, the nethod whereby plural sequential scan el ectrodes are

si mul t aneouskysEelifit 90 aadd gfund @lat_eaﬁir (AL eDOW Me?.ams QW idvel igiripat &hé he

conventional nethod whereby the |ines are selected one by one as shown in
figure 5, bufisealfske laichpue LPhsvetibrsidckgandoktored B¢ ik datadnversiordnputeDv dD flige on
the X driver side. For exanple, if the liquid crystal threshold value
Vierr] is 2.flop253tdtordsehelinversionpitput  of RAp-flop@5Tseasithndata inversion input e
anplitude on the X driver is approxinmately 8 V. This nmeans it is not

necessary t Oatyfi@rige dfithdlatchlpuRe BPiBetsidnadleck. | Nntegrated circuit for the X
driver. This nmakes it possible to apply higher resolution sem conductor
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period to apply a vo times within one frane. I'n other words,
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t he 2533 is reset and the Q output of D flip-flop 2535 is again HIGH. The frequency of the

shift clock XSCL is much higher than that of the latch pulses LP, the shift clock detection
signal WE output from D flip-flop 253t therefore remains HIGH for as long as the shift
clock XSCL is input, continuity remains through write prohibit AND gate 253-5, and the
write control signal WR from second one-shot multivibrator 253-2 continues to be input to
the frame memory.

When input of the second shift clock XSCL stops, the D flip-flop 253s output Q
remains LOW according to the last shift clock XSCL pulse, and the latch pulse LP is input,
the shift clock detection signal WE from D flip-flop 253t becomes LOW, write prohibit

AND gate 253-5 closes, and the write control signal WR is interrupted.
That is to say, when the shift clock XSCL is input, the Q output of D flip-flop 2535

is reset on HIGH revel. On this condition, when the latch pulse becomes at the drop, the a

output of D flip-flop 2535 becomes LOW. Because the ground potential is input into the
data inversion input D ofthe D flip-flop 253s. At this time, the flip-flop 253s and 253t

operate with the same signal. As a result, the data inversion input D inputs HIGH which is

on the condition immediately before the latch pulse becomes at the drop, and the E output

of the flip-flop 253t becomes HIGH. Next, when the shift clock XSCL is input, the flip-flop



19 voltage is thus applied plural tinmes within a single frane. The
voltage is thus applied plural times to each pixel in one frane, thereby
mai nt ai ni ng brightness and suppressing the drop in contrast. The resulting
effect is especially significant when used ip, high speed response liquid
crystdl panels with a | ow cunmul ative responsg® effect. As shown in
figure 8, the unselected period (the tinme fromfirst selection of a given

scan el ectrode 9§Hsiil reséteind MWEEHATQ VeBShésAPRGH STRR!IERLAE tRORSOY, i:hﬁxediatelty after
shortened, the on state is brighter, the off state 1s darker, and contrast

I's therefore inﬁ{eqﬁéﬁ i mECIMRS & _with t he conventional exanple shown
AN al 90 be T edu

in figure 6. Flicker ced. Thus, the inproved nultiple line

selection drive net MRgkefhinkles fRiteq3, b bidiic Rhfigldiforilrdhal &RANSY, Hclidiiftne.

pul se patterns rather than outputting the pulSe patterns in a !
to be noted thaperiph¥rabeifbuis) G mdtory 262 add4 signil Fﬁl&édsﬁgmh&ﬂ chrBhie24d, QMevel

pul se of each selection period in this enbodi nrent, and the sequencé can be

changed as needstiiter®59/dnd aovottage seleetor 260, deidbstrited by Teuusing oh them{bit! diretif 356k €
each separated into four parts, but any other plural conbination, for

exanpl e two pat foeons sigagh alectradt (ome autpwtdXmarMsmoryaells Cisomb €% feate at the

Before getting too deep into a discussion of the multiple line selection

drive intersection of odd word bus W»;.1 and even word bus Wi and bit buses BLm and bit buses
BLm in the frame memory 252 memory matrix, and store the diéplay data (on/off data) for
the corresponding pixels P9;.| y, and Pyj .p,. When the latch pulse LP is generated, the
precharge control signal PC and write control signal WR or read control signal RD are
generated from timing circuit 253. By applying the signals to frame memory 252, the odd
word bus WL»;._; is selected by the line address decoder in the frame memory 252 through
sequential specification by the line address register 257, and data is written to or read from
memory cell Coj.1 ;y. When the next latch pulse LP is generated, the even word bus WL is
selected, and data is written to or read from memory cell Coj ;. Note that the read
operation is activated by applying the read control signal RD to the sense circuit 252m, and
the display data is thus output from the memory cell.

Due to the use of a two-fine selection drive method as described above in the X
driver 250, it is necessary to determine the signal electrode potential from the display data
and scan electrode column pattern for two lines in one horizontal period. An even/odd line
discrimination circuit 250a (line number discrimination circuit for simultaneously selected
lines) is provided in the peripheral circuitry. |

This evenfodd line discrimination circuit 250a comprises a D flip-flop 250aa, odd
line detection NAND gate 250ab, and even line detection NAND gate 250ac. The D flip-
flop 250aa is reset by the inverse phase pulse of the frame start pulse YD input through the

inverter 250b, and inverts the stored contents each time the read control signal RD is input.



met hod, description of the driver is resuned. It should be noted, however,
that tshe LCD of the present enbodi nent uses a uniformdistribution,
multiple line selection drive nethod and the driver has a built-in frame
menory, but is controlled by nodule contreller 100. It should therefore be
understood that the driver nust nmeet the requirenents of both.

Description of the scan electrode drive circuit (Y driver) In the
mul tiple |ine sel Ghefecne tivd inputsed bditlinefdetdatiordNANE g:dezﬁ(vzibtaﬁd eberl line, t he

il Test . pos PPEoh NONpLpaS p&er il R D afd R B tieng of

the circuit function. Therefore as_shown in flgure 9, the col um pattern
of the scan &PpaSPaagutpyanddateh pulse LB, respestivelyc ol urms only. By appl yi ng two

different pulse paite 0, tvvo ucce sive scan electrodes, one frane
consi sts of two f%! g‘??‘s P’%@gﬁglfewﬂs?%@“t%ﬂam ol pfiddine getection

be simit aﬁ'emde%@a‘?l@@bs%M&%&*@aﬁgémp@ﬁﬁ@& gt hemtGaed r o
the applicat :Hé‘lan«{h %B@L‘i"rﬁ o %%L f@@%@&{l@' [bg;%?&ﬁwgmai%dc%of the

next two d|f ere Se pa
when the odd number line latch pulse LP DROPS output LP2 rises. Outputs LP1 and LP2

are thus alternately output.

The even/odd line discrimination circuit 250a generates latch pulses LP1 and LP2
for even and odd lines from the latch pulse LP generated by the module contrgller 100.

Because the uniform distribution, 2-line selection drive method is usec_l in the above
embodiment, there are only 2' = 2 voltage pulse patterns for the scan electrodes. Two fields
are required to apply the patterns because two different column patterns are applied to two
successive scan electrodes. However, because the current alternating signal FR inverts
every frame, all column patterns can be applied in four fields. A field state circuit 250c
specifying the potential pattern of the scan electrodes is therefore provided in the peripheral
circuitry. This potential pattern information can be obtained from the scan electrode driver
code generator 221 or the module controller 100 rather than bging generated in the X
driver.

Field state circuit 250¢ comprises a D flip-flop 250ca, an AND gate 250cb, an
inverter 250cc, an AND gate 250cd, and an OR gate 250ce. D flip-flop 250ca is reset by
the inverse phase pulse of the frame start pulse YD, and inverts the stored data at each field
start pulse FS input. The AND gate 250cb takes two inputs, the Q output of D flip-flop
250ca and the current alternating signal FR, The AND gate 250cd also takes two inputs the
6 output of the D flip-flop 250ca, and the current alternating signal FR after inversion by
the inverter 250cc. The outputs from the two AND gates 250cb and 250cd are input to OR

gate 250ce,



59[err]t. One frane is conpleted in 120[err]t where [err]t is
e

qual 40 one selection period (one horizontal period). As shown

[ Qure 10, Y driver 1C 220 is a sem conductor integrated circuit
conprising a code generator 221 for generating the colum pattern of each
field based on the frame start pulse YD afd the 1atch pul se LP. The

vol tage applied to scan electrodes Y[err] - Y[err] in this enbodi nent has
three possible levels; V[err] or_- V[err] in one selection period, angd 0V

during the unsel edhgdispiay ﬂafa].(omi@@mEQ)%)(flrpr:%mempmc (201 R ERRYH 1S e oPe PRt age
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regi sters, CehdaapsiRclidge doteétbL258.2rat the ffolfowiiy lef tihé REhpulseEiPRSt shi ft
regi ster 223 stores the |east significant bit (voltage sel ection code
Derr]), and secBescusdilictiatclepilsds £P1274 LPL arecaltetratelymaputs thghatth pearivd dfithe.
(voltage selection code D err]), based on the same shift clock CK The
shift cl ock &#ch drautie238-2-758chayn ay aliérnatively dverdappingpetied, and thedispldysdata
generated by the tim ng signal generator (not shown in the figures) of
code gener at mn-mnn-qﬁirqfﬁwwﬁeofgé?qnbbpth memonneells issimultane@sly supplied tothe he

| atch pul se L. . ) \
anticoincidence detector 258-2m. Because the information equivalent to the dolumn pattern

for two scan electrodes is also supplied to the anticoincidence detector 258-2m, the
anticoincidence detector 258-2m detects the column anticoincidence of the 2-bit display
data and 2-bit scan electrode e? data. Because two bits are output when two lines are
simultanecusly selected, the output from anticoincidence detector 258-2m can be directly
processed as the coded anticoincidence value.

In this embodiment there are three possible anticoincidence values: 0, 1, or 2. The
2-bit data obtained by the anticoincidence detector 258-2, is input to the latch circuit 258-3,
and the anticoincidence signal is converted to a high logic amplitude signal by the level
shifter 259m. Decoder 260a of the voltage selector 260m decodes the anticoincidence
signal, and opens or closes one of the transistors in selector switch 260b to select signal
electrode potential -V, 0, or V4. In this embodiment, -V is selected when the
anticoincidence value is 0, 0 when the anticoincidence value is 1, and V7 when the
anticoincidence value is 2. Uniform distribution, 2-line selection and drive is thus possible
with an X driver configured as described above.

It is to be noted that the circuit can also be configured to directly decode the drive
data from the frame memory output and field state circuit 250c output without using

anticoincidence evaluation.



LP to the end of the first field, code generator 221 generates the code for
the unsel ected pattern. Because parallel 120-bit shift registers
223, 224 operating at the same shift clock CK are provided instead of a
single 240-bit shift register for the shificlock CK the shift
21 regi sters can operate at a |l ower frequency based on the latch pul se
LP, and operation at an extrenmely |ow power consunption |evel is possible.
The vol tage sel ect VBhilegbeissmucnfre and gpeniftion of thewvapons dompbienss ofghé Ktdrivegingher
223 and second shift regjister 224 are shifted to the adjacent bit when the
shift clock cCrmbediggat ey beyndersiaed fiom the ahenelesesiptiom dhesrme memanperitesad At
only. The shift regigter output. is sent to |level shifter 226 for
conversi on f r GfASPPEERRODS %gavgﬁﬁ?sptﬁhygg;e]o&gth feferenag;te) e tgng CW%H’%M-
| evel . The vol tage i d [ D{jgrr out.put as ,a _high |ogic
anpl i tude |evel fr THE 50k SR HRE 3D Shthlch putsc Bt o K3, 14 3y peheraret by
liquid crysta : I ' ' ' |l .
| evel conver 'ltt hee?”u?\ g Q%g%} ghxg{rﬁgé %mfﬁ iﬂ%ﬁg{i‘ﬁlgg r}t@rl}épgbso V\ﬁﬁ%%ss#ggéﬁ&% s
generation of gbiwated8h@CabiPRarhiOBroR!(15), HtPthe 1atbh FUNATIPAL pbAatdPivhiBdEach
selector 222 with this selection control
horizontal period (1H). N latch pulses LP are generated during one frame period. In one
latch pulse LP period, one scan line equivalent of display data DATA (WD) is sent from the
module controller 100 to X driver IC 250 based on the shift clock XCSL. The read/write
operation when the display data DATA stored in VRAM 12 is changed for a}l scan lines
other than the third scan line (display data WDS) is shown in figure 14. The display data
WD?3 for the third scan line is therefore not transferred again, and the display operation for
the third scan line is completed by reading the old data from frame memory 252.
The read controf signal RD, shift clock detection signal WE, and write control signal
WR shown in figure 14 are generated by the timing circuit 253 of X driver IC 250. When
transfer of the new data WD2 to X driver IC 250 is completed by the module controller.
100. Shift clock XSCL transfer is also interrupted. The next step is transfer of new data
WD4 and shift clock XSCL generation. When the shift clock XSCL is interrupted, the
module controller 100 enters the standby period S as described above. This is detected by
the shift clock detector 253-4 of timing circuit 253, and the shift clock detection signal WE
is not output. As a result, it is not only the write control signal (W3) that is not generated.
When the first fatch pulse (LN) is emitted, the display data (WD1) for the first line is input
to X driver IC 250 within the period before the next latch pulse (L1) is generated (within
latch pulse one cycle), input to the write register 256 at the latch pulse (1), and written to
the corresponding address in the frame memory 252. The old data for the first line is also
read from the frame memory 252 within the period between the first latch pulse (LN) and
the next latch pulse (L1). When the latch pulse LP is generated, the first precharge control

signal PC1 (period C) is emitted and then the write control signal WR (period A) is emitted.



signal, voltage V[err], 0O, or -V[err] is supplied to scan el ectrodes Y[err]
- Y[ert]. As shown in figure 10 (b), it is assuned that the
function of code generator 221 can be changed using selection term nals M
in the first stage Y driver 1 and each of the successive Y drivers 2 - n so
that plural Y drivers 1 - n can be cascaded? In other words, in the first
stage Y driver the Y driver is first initialised at the frane start

1, .
I YD, d ti t b ift the tin f ti the.
D 5 D o AR LR e s At Py oERSaH ekt
novever , t hey P56 (LT e 1t ¥ Wi Kok 380Hds b it 10Ut BE AR
i O m ; . . I S N
o, the FSI. | noioplsihal i L ol bl RIGhASGrE R e Gt o o e Jho
drivers outpugerddge vol tage selection codes to the two shift registers 223,

224. The first field ends when the carrier signal FS is output fromthe

llast Y driver n. Bytalfcadde@s of M first ligis spdciied b ehe 1he a8dvess regibtdr 257 de
input at this tinme, the carrier signal FS fromihe last Y driver nis ted

back to the Fiiistead operatiorof THelvdd data &ir the first ineris feadi fridmithe frivne MSntoey 23X isdsed
the X driver, and the vol ta&e sel ection code for the second field is
gener at ed f or onlthe addougiber latcheyise LE1 sesaltisg fiaavthe next latch pulse (L1), and the old data

22
is thus stored in latch circuit 258-1m and sent to the least significant bit exclusive OR gate
EXj. After Iatching the old data for the first line, the new data WD1 for the first line is

written to the frame memory based on the next latch pulse (L1). When writiag the display,
data for a 640-dot line to the frame memory 252, one compléte line is batch written from
the write register 256, which is used as a buffer, ovér a period of several microseconds
rather than writing the data from input register 255 at a shift clock XSCL of several
hundred nanoseconds. While a faster write time is required as the display capacity
increases, it is preferable for the write operation to access data from the write register 256
at the latch pulse.

During the period of latch pulse L2, the new data WD1 for the first line is written,
and then the old data for the second line is read based on the read control signal R2 and
transferred to the most significant bit exclusive OR gate EX». At the even line latch pulse
LP2, the 2-bit anticoincidence data obtained by the anticoincidence detector 258-2 is
latched by the latch circuit 258-3, the appropriate signal voltage is selected by the voltage
selector 260 as described above based on the anticoincidence value, and the signal elecfrode
potential for the first and second scan lines is applied to the liquid crystal matrix.

As thus described, frame memory 252 according to the present invention provides a
write mode and a read mode for a single line address within the period of one latch pulse,
and writes the new data at the next latch pulse after reading the old data. As a result, the
period from display data writing to reading is one frame period (1F). This is needed for the

use of a multiple line selection drive method. This is because the anticoincidence detector



The sane-operation descri bed above is then executed for -the second field,
and operation then shifts to the next first field. This function
alleviates the restrictions on the nunber of sinultaneously sel ected

|l i nes, and enabl es the use of the same-fregyency frame start pul se YD and
| atch pul se LP as used in the conventional voltage averagi ng nethod.
Description of the signal electrode drive circuit (X driver) The
plural X drivesgz 280 cduse a 3ighal bledtrédd dHve tiava rdsitifi® Sdn'unii €ltipible dispray dtacd or
integrated circuits cascade connected by the chip enabl e output CEO and
chi p enabl e baspdibn €iel old datailinadrsl resr dalteoline if thedeiigaipatidl.change in the fuimie themordye
conventional drives with built-in RAM these X drivers 250-1 ~ 250-N do
not share thedatydusing the perdod ipovhichahe digplay dass, twhich detdmmines tiRsignel elentgoda deve
simply connected_ to nodule contraoller, 100 via the date bus, 17. As,shown in

figur eI |11, gg&’ﬁ"%iﬁ reacheOfe ﬁmvm@dfg‘tﬁliirequmﬁmn@eﬁﬂby datagvrtingiip seadingy| e
controller , t i it. , data i ) | 254
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fromthe nodu control si g | nput register
lines is small.

It is also possible to execute the write operation after the read mode t0 the same line
address during one latch pulse LP period. If the write operation follows the read mode,
ho.wever, timing to as;sure sufficient write time and for auio-powor save operation will be
more difficult because writing to the frame memory is executed from the write register 256
at the latch pulse LP timing rather than at the shift clock XSCL timing in order to ensure
sufficient write time in this embodiment. This read-write mode sequence is particularly
difficult when using the muitiple line selection drive method because the latch pulse and shift
clock must be several times faster than in conventional methods. Ina large capacity display,
this sequence becomes even more difficuit. It is therefore preferable to execute the read
mode one or more times after a write operation to the same line address within the period of
one latch puise, and to write the new data one frame period after reading the old data.

The frequency diving ratio of the timing signal generator 120 in the module
controller 100 is set to generate two latch pulses LP during one horizontal period in the
above embodiment because it is necessary to read two lines of display data from the frame
memory within one horizontal period due to the use of the uniform distribution 2-line,
selection drive method. This is also because the most common cell acrangement in the
memory matrix of the frame memory is assumed, specifically that the number of signal
electrodes in the display matrix is equal to the number of column addresses in the frame

memory, and the number of scan electrodes is equal to the number of line addresses.



255 sequentially reads the display data DATA (1 bit, 4 bit, or 8 bit) at
each shift clock XSCL drop, and stores one scan |ine equival ent of display
data DATA. Wite register 256 batch |atches one scan |ine equival ent of

di spl ay data DATA fromthe input register %55 at the latch pul se LP drop,
and wites the data to the nenory matrix o4 he frane menory (SRAM 252
within the wite tinme, which is equal to or longer than one shift clock

XSCL. Line ad ' 257 .is initialjsed.b h tart Si | YD,
and sequent P, ok AN drsie i Bef WhrahE Fimeet of el Shishisfl s P
time the wite s . . . .
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Level shifter 259 converts the |low logic anplrtude I evel signal from

signal pul se efibdaNiRbnEntienat Hevided IrootherWarls, litte read mplde ivuttivited by theilgetal .
Vol tage selector 260 selects voltage V[err] M(eg. 0) or -V[err] based on
the hi gh | ogi pubelpj tisplisy daty for bothathe Arstarsideasridlines is odtpust sipmbidneoutlpthrovghom
| evel shifter 259, and applies the selected voltage to the signal
el ectrode X[ emsefsecirdfit252m from the memeqyoells €21 0panddp; gimer a;npéaégfq with theiqsid

enabl e controller 251, which controls the ] \
word bus WL»; of the frame memory, for example, and only one latch pulse LP is required

to read two lines of display data. In this type of circuit configuration, the latch circuit 258~
1m (shown in figure 13) used to hold one line of display data until the second line of display
data is output can be eliminated. This simplifies the driver cell circuit construction without
complicating the timing adjustment of the high speed first latch pulse LP1 and second latch
puise LP2, and thus contributes to the practical viability of the multiple line selection drive
method.

With the circuits shown in figures 15 and 16, however, the speed at which the frame
memory word bus address advances at the latch pulse LP input is faster in the read
operation than the write operation. To compensate, the line address register 257" has an
independent write address W generator counter 261 and read address generator R counter
262, selects the appropriate output using multiplexer 263, and applies the multiplexer 263
output RA to the address decoder 252'd. Write address W generator counter 261 is
initialised at the frame start pulse YD, and generates the write address using the precharge
control signal PC and write control signal WRT shown in figure 12. Read address
generator R counter 262 is initialised at the frame start pulse YD, and generates the read
address using the precharge control signal PC and read control signal RD shown in figure
12. Itis therefore possible to transfer the display data from the controller to the X driver
within the period of the same latch pulse LP as in a conventional method controller
irrespective of the number of simultaneously selected lines when using a 2n multiple line

selection drive method.



power save function separately for each driver chip, and the rel ated
circuit conponents. Chip enable controller 251 generates the internal
enabl e signal for the enabled drivers only, thus causing the shift clock
XSCL and di splay data DATA to be read int@sthe enabled drivers, and
controls operation of the timng circuit 253 and the data input controller
254, This control sequence is repeated at each latch pul se LP
cycle. In other wedearalisingthis 2+-line sinnfltabieous kead niethdds thernypatall strhaurchifpheeXabl e
controller 251 switches all cascaded driver chips fromthe power save
state to the dsvemstdtossimulianeousty resdoplutal fines pfidisplapdatpfrom tisErme memesy intids)
Whi ch drivers are enabled or set to the power save state i s determ ned by

a he ﬁ t at ﬁ' of muﬁgl%mvebﬁ%@ﬂe?m&?@ﬂﬁmbﬁt%ﬂﬁhﬂ@‘divﬁ&fﬁkﬁqﬁ‘ém figure 46.gur e
, the chip enabl e input I X [ 50-1. i ded | . Th
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equal to the bit cap € I nput regrs een 1 nput.

chip enabl e ig n%’vefrl%gl {he next-stage X driver 250-2 cascade connected
to the first river 8—’1 t heref ore becomes LOW causing the internal
enabl e signal E of;-th@ral REkberst age driver to becone active. This sane
operation is repeated for each of the cascaded X drivers. As a result, the

chi p enabl e i nput DGHluniber of diivet titpéts per dtie!X dcivbr i(the hmber of driveable signal
electrodes), ’ .

W : number of word buses.

The value (h.2R.D). W is therefore equal to the maximum number of display dots that
can be driven by one X driver. For reference, the frame memory in figure 11 has a capacity
of (driver outputs) X (display lines). _

Referring to figure 16, the display data stored in the write register 256 is selected by
the address decoder 252'd through the write circuit 252 and the write selector 252'c based
on the write control signal WR, and is written to the memory cells connected to the word
bus. Address decoder 252'd decodes the line address output from line address register 257
in figure 11.

During the display data read operation, the (h.21.D) bit display data is read from the
frame memory matrix 252'a according to the read control signal RD into the read selector
252'e. Read selector 252' selects (h.2.D) bit display data according to the output from
the address decoder 252'd. When n= o, read selector 252'e is therefore not needed.

The (h-D) bit display data is all of the display data that can be simultaneously driven
by the X driver during one scan period. The read selector 252'e output is converted to a
digital signal by sense circuit 252'f, and sent to the multiple line selection/drive decoder

(MLS decoder) 258'a of the signal pulse assignment circuit 258'. MLS decoder 258'a is

reset by the display data, liquid crystal current alternating signal FR, and frame start pulse



24 250-3 ~ 250-n is sequentially set to a LONIlevel, and the display
data i-s read into the correspondi ng i nput register 255. As a
result, there is only one driver reading the display data at any one tine
and t he power consunption required for display data reading can be
mnim'sed even when n X drivers are casc¥ded. Tinme circuit 253 is

descri bed below with reference to figure 12 while omtting part of the
detail ed description. As shown in figure 12, timng circuit 253 conpri ses
an AND gat e 2%Bacountsthacargen sgmbBhiromiheXdriyen takesBe outpnt fromdhe sate copmer, a
first one-shat I tiyibragtor, 253-1, a second one-shaqot rmultivihragor, 253-2,
a third onez-5§rr{’1e')l’f"i‘#?ﬁ I“{)GN} ig5,the §Gan state Ione) ’ﬁt‘gé?‘-'é‘éks thesigeal splegtipgthe ong o
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simplifying circuit timing.

It is to be noted that while the present invention has been described above with
specific reference to a uniform distribution 2-line, selection drive method, it can also be
applied to method simultaneously selecting and driving three or more plural lifes. It will be
obvious that the invention can also be applied to the voltage averaging drive method used in
part in conventional matrix display devices. The invention can also be applied to MIM drive
methods, and is not limited to simple matrix methods.

In the above embodiment, the frame memory has memory cells to maintain a 1:1
ratio between display pixels and memory cells, but the invention can also be applied to other
frame memory configurations. One such conﬁg{xration has a frame memory for holding part
or plural screens of display data associated with the pixels before and after the currently
driven pixels, and intermittently transfers the display data from the module controiler to the
X driver. Another configuration uses compressed display data for the display elements.

The present invention shall also not be limited to liquid crystal display devices, and
can be used in a wide range of matrix-type display apparatuses, including fluorescent
display, plasma display, and electroluminescent display ‘deviceé, and in applied liquid crystal
displays using the light valve properties of liquid crystals. That is to say the driver has a
memory.

As described hereinbefore, embodiments of the present invention are characterised
by intermittently operating the oscillation source of the high frequency clock of the matrix
display controller when the display data is transferred in a method combining a conveational

matrix display controller and a conventional signal electrode driver built in to the memory.



of a predeterm ned pulse width at the rise of the AND gate 253c out put

pul se, "thus functioning as the precharge control signal PC generator.

The second one-shot nultivibrator 253-2 is cascade connected to the first
one-shot nultivibrator 253-1, and generat$§ the wite control signal WR of
a predeterm ned pulse wdth at the rise of the del ayed inversion pul se of
the precharge control signal PC and the inversion pulse of the latch pul se
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control signa genera
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generates the read control signa a predetermned Tpulse width at the

rise of the dpicayRdhé MgRHFRpRAcPEbECopRatés Had MheSditiidydirCi8 frafishérredl t81Rd sebénd and

t he del ayed inversion pulse of ' the wite control signal WR The third

one-shot  nul §tbiagh hithay onbpwhéh théreds 4 chaggd ke duta §tbRdiradrse statsrzgg lmeahgnal RD
gener at or .
Shift cl ock det ectbradgiiidndaddsess essighmbnt catobe simplificic appdthereford sdreenakewrdte sESed |

which is inverted by inverter 253d, to detect shift clock XSCL input.
The write protandietinoxased; becaussthe prosessingJoast ofithe kost MPEon the finstistarageaneans |
signal  WR input fromthe second one-shot nultivibrator 253;‘3 a?a C(t)x?éaxtm?ilsl ed
by the shift #fi%eaa be reduced (because the operation transferring data to the second storage
executed not by the MPU but by an intervening matrix display controller) and the display
data for each scan line can be batch stored to the second storage means (by further cascade
connecting the signal electrode drive means). 2

In addition, the number of connections between the matrix display controller and
signal electrode drivers can be reduced even in large capacity display devices by cascade
connecting the signal electrode drivers, thereby achieving displays with an improved display
area ratio.

The signal electrode driver can also easily access the second storage means using a
timing signal obtained by dividing one scan period without using a high speed clock.
Because the access timing for the second storage means is therefore not as restricted as in
conventional methods, write performance can be improved and the size of the transistors
forming the second storage means can be reduced. This also contributes to reducing the
driver chip size.

When the present invention is applied to the multiple line selection drive method, a
high contrast, high speed response, matrix-type liquid crystai display apparatus
characterised by low flicker and consuming less power than conventional display devices
can be achieved because the display apparatus can be operated at a low frequency even

though the data processing required for one display line is greater than that of the

conventional drive method.



detection signal WE fromthe shift clock detector 253- first
one-shot nultivibrator 253-1 conprises a flip-flop formﬂ

253e, .253f, AND gate 253c, NAND gate 253g, inverter m BE
253i NAND gate 253f, and inverter 253j. g The fliyp-fl op

NAND gat es 253e, 253f set node Nerr] HHGH at the drop in the AND gate
253c output. The NAND gate 253g and the inverter 253h generate a HGH
precharge control signal PC when node N gfhlniss H GH ~ Delay circuit
253i del ays the precharge control signal um ng an equival ent signal
delay tinme in the frame menmory 252. Inverter 253] inverts the precharge
control signal PC, and applies the inverted signal to the RESET input of

the NAND gat e 1253f Matrix display Miparatistodmptising a @trixdisphiy del 30 UF disliydlaatntof
NAND gat e 253e drops, nod% Nl is set toa HGH Ig\% and when the AND

gat e 253c out puangedin a bmtronpestetd, Gﬂrstrdndom;acmhmexge:ymﬁbé €or storiggahe display ses.
As a result, the NANDagate 253f RESET input drops after the delay tine

det er mi ned by dataca shsbad randem memopdivice forstoringethd\fiisplay date ofatberst gy of théus
causing the precharge control signal PC to drop. The precharge control
signal PC pudisplay § aa%t&tal elogtrode dive mgan@ﬂz;r reaing the displey d#ta fpot the sesondis e

the AND gate 253c o t es at t h pulse LP, ri and _at,  the rise
of the del ay 313&?518?‘}8‘?" Waldpge *ﬁgﬂﬂt?‘ signal emdeso ﬁ‘ema“'l’h@%'@)é%eand

Structure t IQZ%*% Efﬁ* i g %ﬁ%ﬁﬂ% {lf{‘?d 2 Delabi Geiping, %h%&%béﬁw@f’{aac .
one- shot mul ¢ %‘%&%ﬁ“@%@“m S G R T
ci'gnal of 1 he b epati vAR it chaEPRoh st I devick Vool RUEAS Src B BBy
signal, and neldek bitpef AR ifRhSiteRIsh Fdytedch dsdiitary ad fr&rﬁfe‘iﬁ@bﬁg read

display data together with the high frequency clock to the second RAM device.

2. Matrix display control apparatus comprising an intermittently operating high
frequency oscillator that oscillates according to changes in the display data stored in a first
RAM device, and a display data transfer means for reading the display data associated witﬁ
the change from the first RAM device according to the high frequency clock output from
the intermittent high frequency oscillator, and transferring the read display data together
with the high frequency clock to a second RAM device.

3. Matrix display control apparatus comprising a low frequency oscillator for
constantly generating a low frequency clock, a timing signal generator for generating a
specified timing signal based on the low frequency clock from the low frequency oscillator,
a display data fresh detection means for generating an intermittent control signal based on
changes in the display data stored in a first RAM device, an intermittent high frequency
oscillator that oscillates according to the intermittent control signal, and a display data
transfer means for reading the display data associated with the change from the first RAM
device according to the high frequency clock output from the intermittent high frequency
oscillator, and transferring the read display data together with the high frequency clock to a

second RAM device.

THIS SHEET HAS BEEN
This Sheet Has Been Replaced REPLACED

[T




26 delays the wite control signal WR assum ng an egu

delay tinme in franme menory 252. Node N err] of NAND ga mm 1 i mG—|
at the drop in the latch pul se LP inversion signal, bu HII MI“ I‘a[
253g" output drops at the first drop in thesg precharge centfolt sisgnal PC
(the first rise in the del ayed inversion signal of the precharge control

signal PC). The wite control signal WR thus rises, the RESET input to NAND
gate 253f dropts af tMatm/aiisplayglrimeppdaitmompafﬁngl@&ﬁ{dmnme&sbmedﬁba&e@erf@;u|t
253k, and node N2 becomes LON thus causing the wite control signal WR
to drop. The duetngthe displaydatapbat leastpant ofahe dilayelements off acvitax gevice meadilg
signal PC then rises, ,but, node N2 remai ns H GH because the |latch pul se LP

is LON The oubpdisplay daga ¢ BAME deyice, andwpplying aedrivervaltags teitic-signaheleasrridps
O el 5 Y v o £ b5
e vi brat o Dgredd ol bRl Rian 086 st it o SEhpin Bergl hassd e gale e
Sl gnal of ¢ he HinaflecdinR caff ERARE T ok reld BHE meats i Bp RN R oSSR ™"
and del ay ci I GbdraRg 3 uFeRY conkrBFsigal il OIVEALipS YR op WIS RBI I Bhe

equi val ent signal delay tinme in frame nmenory
write control signal with both operations addressing the same address in the RAM device.

5. Apparatus as claimed in claim 4, further comprising a clock detection means for
detecting when a high frequency clock used for display data transfer stops, and a write
prohibit control means for preventing generation of the write control signal based on this
detection signal.

6. Apparatus as claimed in claim 5 wherein the read/write means comprises a
temporary storage means for sequentially storing at least one scan fine of the incoming
display data using-the high frequency clock, and a buffer for writing to the RAM device the
stored display data from the temporary storage means according to a signal longer than one
cycle of the high frequency clock.

7. Apparatus as claimed in any of claims 4 to 6 wherein the read/write means
comprises a signal voltage state assignment means for extracting the signal voltage to be
applied to the signal electrode from the display data read from the RAM device.and the
voltage state of the scanning electrode of the matrix display device.

8. Apparatus as claimed in claim 7 wherein the signal voltage state assignmént means
comprises a means for reading plural scan lines of display data from the RAM device on a
time-share basis, a temporary storage means that alternately waits for the read display data,
a scan state setting means for specifying the voltage state of the scan electrode of the matrix
display device, and a voltage selector for selecting the drive voltage from the plural scan line

display data read from the RAM device and the selected voltage state of the scan electrode.
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NAND gate 253e is set HI GH at the drop in the delayed inversion si gnal of

the wite control signal WR (the rise in the wite contr S| gna

occurring after the first drop in the precharge control l, ff u

first rise in the delayed inversion signal of the prech al
r

PC). As a result, the NAND gate 253g' outpuq drops at the f| rst op I n
the second precharge control signal PC (the first rise in the del ayed
precharge control signal PC.i nvgbjl on s&gﬁnal) and the read control si naI

RD rises. Aftér thAPRAERHYas qlaimed Heldmed ¥ elbyhet%Mdbm CRMPRYSH P MR

NAND te 253§ RESET th

read 3335 rolSr s Rlﬂnﬁacaafliy%se : %P@jﬁycsﬁeadf?aa'& T
e predeter n
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of the shift ﬂaﬁ%ﬂ‘écﬁ@gofaﬁe ﬂxﬁlﬁx dis Flay device, and a voltage selector for selectm%the drive

27 RESET input R and a ground potential (the L | evel ). This LOWIlevel is
i nput at the vdltage frofm thé plukl beah lmelﬂi%ﬁ!aj_&hta réad fidirDthe RAM ideviesshdshesebattaris t he
data inversion input D. Dflip- flop 253t stores the inversion output Q of
D flip-flop 2bdltagestaterof thitndcan electendei on i nput D at the rise of the latch

pul se LP inversion clock.
10.  Matrix display drive apparatus that drives a selected scan electrode of a matrix

display device, and comprises means for simultaneously selecting and cyclically scanning
plural scan electrodes plural times within the period of the frame start signal.” .
11.  Matrix display apparatus substantially as hereinbefore described with reference to
and as shown in the accompanying drawings.

12,  Matrix display control apparatus substantially as hereinbefore described with
reference to and as showﬁ in the accompanying drawings.

13.  Matrix display drive apparatus substantially as hereinbefore described with reference

to and as shown in the accompanying drawings.




When shift clock XSCL is input, D flip-flop 253s is reset at the first
shift *l ock XSCL pulse, and D flip-flop 253s output Q is high.

Because the ground potential is stored as the data inversion input Dto D
flip-flop 253s at the latch pulse LP drop, the Q output becones LOWand D
flip-flop 253t stores the H GH data inverstlon input D before Q changes and
the Q output, ie, the shift- clock detection signal WE, becones H GH Wen
the next shift clock XSCL is input, Dflip-flop 253s is reset and the Q
output of Dflip-flop 253s is again HHGH. The frequency of the shift clock
XSCL is much higher than that of the Ia%s LP, the shift clock
detection signal WE output fromD flip*= t therefore remains H CGH
for as long as the shift clock XSCL is input, continuity remains through
wite prohibit AND gate 253-5, and the wite control signal WR from second
one- shot nul ti vi br at gMIARGVEMENTS INGENDRIEA TTNG!TG MATREXBISPEATETO! V.-
When i nput of the second shi Ccl oC ST OpS, - 3s
output Q renmains LOWNaccording to the last shift clock XSCL pul se, and the
| atch pulse LP is input, the shift clock detection signal WE fromD
flip-flop 253t becchnetrixadype displayecqntrohddyice suitedRo dargecdpaditydisplays evhileand t he
write control signal WRis interrupted. A~ . That is to say, when the
shift clock X3chieying lawpewerceasumption pperatisin ippfavided by opprowisg thei displaysiata on

H GH revel. On this condition, when the |latch pul se becones at the drop,
the Q output teanster met f1 op 253s becones LOW Because the ground potenti al

{ime, Che f1 p- 1 offbeagdulespnsaler 1083ks shuplepatis tpe igbiersaiy apiey samorisc &
It, the d ' | OBy D.nputs H |ch i D t.h djti
| di atel'y oo BAsaRe pRRabo ol R seherstoh Lk Rapn R i ot

refresh detection circuit) 130, high frequency oscillator 140, and a direct memory access

(DMA circuit) 150. This low frequency oscillator 110 constantly generates the low
frequency clock fy . Timing signal generator 120 generates the scanstart signal YD required
for the LCD module 200, and other signals based on the low frequency clock f{. Standby
circuit 130 generates the intermittent operation start control signal ST when the display
data in VRAM 12 is updated as determined by monitoring the system bus 14a for
communications with the host MPU 10. The high frequency oscillator 140 generates the
high frequency clock fiy phase synchronised to the low frequency clock fj during the
intermittent operation start control signal ST apply period. The DMA circuit 150 reads
the display data from the VRAM 12 over dedicated bus 14b by direct memory access, and
transfers the display data over data bus 17 to the frame memories 252-1 ~ 252-N of X

drivers 250-1 ~ 250-N during the applied time of the intermittent operation start control
signal ST using the high frequency clock fiy.

Figure |



of the flip-flop 253t beconmes H GH Next, when the shift clock XSCL is

I nput,” the flip-flop

28 253s is reset and the output Q beconmes HIGH Thus it nmeans the XSCL

i mediately after the latch pul se becones at the drop. Referring
to figure 13, the circuit configuration of one X driver 250, including the
peripheral circuits, a frame nmenory 252 and a signal pul se assi gnnent
circuit 258, a level shifter 259, and a voltage.selector 260, is described
by focusing on the mbit circuit 250m rfioerone signal el ectrode (one out put
Xm. Menory cells Clerr]. Cerr] are at the intersection of odd word bus
Werr] and even word bus W and .bit buses BLm and bit buses BLmin the
frame nmenory 252 nenory matrix, and store the display data (on/off data)
for the correspondi ng pi apd Plerr]. Wen the latch pulse LP is
generated, the precharge ndlC PC and wite control signal WR or

read control signal RD ar fro Tmng.crrcuart 253, By] appl yi ng
the signals to frame neng odd ord bus Werr] is sellected by
the |ine address decoder 7 meno 252 through sequentj al .
specification by the | pre—ad —tegtster #~and d Is wittlen to or
read from nenory cel | Cpgmf—"wWrem th né1 | at chy pul LP is generated,
the even word bus W[efr] is sel ecft gd] &n ngﬂ!B mﬁﬁiten to or{ read from
menmory cell C2i m Notk #hat the r oBe ils aghi vated hy fappl yi ng
the read control si ga! RD|fo the sens¢ i % -‘zélZm gnd
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e A PP ———
the display data is thus output fromthe nenory cell. Due to the
use of a two-line selection drive nethod as descri bed above in the X
driver 250, it is necessary to deternm ne the signal el ectrode potenti al
fromthe display data and scan el ectrode colum pattern for two lines in
one HRorizontal period. An even/odd Iine discrimnation circuit 250a (line
nunber discrimnation circuit for sinultaneously selected lines) is
provided in the peripheral circuitry. This even/odd |ine
discrimnation circuit 250a conprises a D flip-flop 250aa, odd |ine
detection NAND gate 250ab, and even line detecti NAND gate 250ac. The D
flip- flop 250aa i's reset by the/invwacsr: phaseyphl se of the frame start
pul se YD input through the inverter 250b, and gnyerts the stored contents
each time the read control signal RDis input,

29 There are two inputs to odd IlneSbgi tion NAND gate 250ab and
even |line detection NAND gate 250ac, D flip-f §§Oaa out t Qand |atch
pul se LP, and D flip- flop 250aa output Q an at h DU SEALE e oy
respectively. When the odd |ine nuwber Takch pul sg LP rigses

output LPI of odd line detection NAND gate [250ab fdrops; ¢ g {ch
pul se LP drops, output LP1l rises. ngn the gven |
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line latch pulse LP rises, output LP2 of the even line detection NAND gate
250ac drops; when the odd nunber line latch pul se LP DROPS out put LP2
rises. Qutputs LP1 and LP2 are thus alternately output. The
even/odd line discrimnation circuit 250a generates |atch pul ses LP1 and
LR2 for even and odd lines fromthe latch pul se LP generated by the nodul e
controller 100. Because the uniformdistribution, 2-line selection
drive nmethod is used in the above enbodinent, there are only 2' = 2

vol tage pul se patterns for the scan flectrodes Two fields are required to
apply the patterns because two di f FEFEALCERE dmm patterns are applied to two
successi ve scan el ectrodes. However, because the current alternating signal
FR inverts every frame, all columm patterns can be applied in four fields.
A field state circuit 250c specifying the potential pattern of the scan

el ectrodes is therefore provi-ded in the peripheral circuitry. This
potential pattern information can be abtained fromthe scan el ectrode
driver code generator 221 or the nodule controller 100 rather than being
generated in the X driver. Field state circuit 250c conprises a D
flip-flop 250ca, an AND gate 250cb, an inverter 250cc, an,AND gate 250cd,
and an OR gate 250ce. D flip-flop 250ca is reset by +the inverse phase
pul se of the frane start p fnyertsythe stored dat.a at each

sesYD, and
field -start pul se FS input ] chh_takes t i nputs, the Q
output of Dflip-flop 250c t rnag i signal FR The AND
gate 250cd al so takes-two ijnpuls fil i p-flop 250ca, and
[ ' e inverter 250cc.
The outputs fromthe two AND gptes i nput to OR

the current alternating signal

!
I
f
I

- WD1 WD2 WD3



gate 250ce. 30

The dissplay data (on/off information) fromnenory cell Cerr], is input to
the one bit latch circuit 258-1 mof the signal pul se assignnent circuit
258 at, the latch pulse LP1 generated during odd line reading, and is
suppli'ed to the least significant bit exclusive OR gate EX[err] of

anti coi nci dence detector 258-2m The display data (on/off information) from
menory cell C2i mis then supplied to the nost significant bit exclusive OR
gate EX2 of the anticoincidence detector 258-2m at the foll ow ng even line
| at ch pul se LP2. Because 4f He FEGHRENS pul ses LP1 and LP2 are
alternately output, the latch period of the latch circuits 258-1, 258-3
have an alternatively overlapping period, and the display data (on-on,
on-off; off-on, off-off) fromboth nenory cells is S|nultaneously supplled
to the anticoincidence detector 258-2m Because the i nformati on, equi val ent .
to the colum pattern for two scan electrodes is also supplied to the

anti coi nci dence detector 258-2m the anticoincidence detector 258-2m
detects the columm anticoincidence of the 2-bit display data and 2-bit
scan el ectrode e? data. Because two bits are output when two |lines are

si mul t aneously sel ected, the output from anti.coincidence detector 258-2m

can be directly
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processed as the coded anti coi nci dence val ue. In this enbodi ment
there are three possible anticoincidence values: 0, 1, or 2. The 2-bit
data obtai ned by the anticoinci dence detector 258-2, is input to the latch
circuit 258-3, and the anticoincidence signal is converted to a high logic
anpl itude signal by the level shifter 259m Decoder 260a of the voltage
sel ector 260m decodes the anticoincidence signal, and opens or closes one
of the transistors in selector-switch 260b to select signal electrode
potential -V2, 0, or V2. In this enbodinent, -V2 is selected when the
anticoi nci dence value is 0, O mhgn %anﬁ&t'coincidence value is 1, and
V[err] when the anticoincidence 65 Uniformidistribution, 2-1ine
selectjon and drive is thus possible wth an X driver configured as

descri bed above. It is to be noted that the circuit can al so be
configured to directly decode the drive data fromthe frame nenory out put
and field state circuit 250c out put mnthout u5|ng anti coi nci dence

eval uati on. 31

Wil e the structure and operation of the vari ous conponents of the X driver
in the enbodinent may be understood fromthe above description, the frane
menory wite and read operations are further described- belom/mnth
reference to the timng chart in figure 14.
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The frame start pulse YD and |latch pulse LP as shown in figure 14 are
generdted by the timng signal generator 120 of the nodule controller 100.
The frame start pulse YD is generated once each frane period (1F), and the
| atch pulse LP is generated twi ce each horizontal period (1H). N latch

pul ses LP are generated during one frane period. In one Ilatch pulse LP
period, one scan |line equivalent of display data DATA (WDi) is sent from
the nodule controller 100 to X driver |1 C 250 based on the shift clock
XCSL. The read/wite operation when the display data DATA stored in VRAM
12 is changed for all scan lines tdithdtiCtbag the third scan line (display
data WDS) is shown in figure 14. The dlsplay data WD3 for the third scan
line is therefore not transferred again, and the display operation for the
third scan line is conpleted by reading the old data fromframe menory 252.
The read control signal RD, shift clock detection signal WE, and wite
control signal WR shown in figure 14 are generated by the timng circuit
253 of X driver I1C 250. Wien transfer of the new data WD2 to X driver IC
250 is conpleted by the nodule controller 100. Shift clock XSCL transfer
is also interrupted. The next step is-.transfer of new data W»4 and, shift
cl ock XSCL generation. Wen the shift clock XSCL is interrupted, t he
modul e controller 100 enters the standby period S as descri bed above. This
is detected by the shift clock detector 253-4-of timng circuit 253, and
the shift clock detection signal WE is not output. As a result, it is not
only the wite control signal (WB) that is not generated. \When the first

| atch pulse (LN) is emtted, the display data'(WD1l) for the first line is
input to X driver IC 250 mnthln t he perlod before the next | at ch pul se
(L1) is generated (within ¢

1
i
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| at ch pul se one cycle),
tand witten to
The ol d data for the first
within the period between the first

(L1),

input to the wite register 256 at the latch pul se
the correspondi ng address in the frame nenory 252.
line is also read fromthe frane nmenory 252
| atch pul se (LN) and the next |atch

pul se (Ll) When the latch pulse LP is generated, the first precharge
control signal PCl (period C) is emtted and then the wite control signal
WR (period A) is emtted.

32 The read control
precharge contro

XSCL is not active,

control
r ead.

address register 257 during
line is read fromthe frame nenory 252 based

first

pul se LP1 resulting fromthe next

si gnal

si gnal

R1 therefore causes the old data for the first
The |ine address of the first

is emtted after the second

If the shift clock

and the read

line to " be
line is specified by the line
The ol d data for the

on the odd number | atch
and the old data is

signal RD (period B)
PC2 (peri gdlI€FIG8RFEM t T ed.

however, the wite node 1is disabled,

this read operation.

| at ch pul se (L1),

thus stored in latch circuit 258-1m and sent to the |east significant bit .
exclusive OR gate

the new data WD1 for the first

on the next |atch pulse (L1).

(1

34Y2

\Y3
rYs

b{Ys

\Ys

¢ {Xs_

. :_J[
d {%H~X1

After latching the old data for the first: line,
lineis witten to the frane nenory based
When writing the display,

EX[err].
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data for a 640-dot line to the frane nmenory 252, one conplete line is batch
witten from the wite register 256, which is used as a buffer, over a
period of several microseconds rather than witing the data from i nput

regi ster 255 at a shift clock XSCL of several hundred nanoseconds. Wile a
faster wite tine is required as the display capacity increases, it is
preferable for the wite operation to access data fromthe wite register
256 at the latch pul se. During the period of latch pulse L2, the
new data WD1 for the first line is witten, and then the old data for the
second line is read based on the r¥%dd WGHREA signal R2 and transferred to
the nost significant bit exclusive OR gate EX[err]. At the even line latch
pul se LP2, the 2-bit anticoincidence data obtained by the anticoinci dence
detector 258-2 is latched by the latch circuit. 258-3, the appropriate
signal voltage is Selected by the voltage selector 260 as descri bed above
based on the anticoi nci dence val ue, and the signal electrode patential for-
the first and second scan lines is applied to the liquid crystal natrix.

As thus described, frame nmenory 252 according to the present invention
provides a wite node and a read node for a single line address within the
period of one latch. pulse, and wites the new data at the next |atch pul se
after reading the old data. As a result, the peri.od fromdisplay data
witing toreading is one franme period (IF). This is.needed for the use of

a multiple line selection drive method. This i.s because the anticoincidence
det ect or . - :
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33 258-2 will cause a signal electrode drive wave resulting in an
uninted |igible display state based on the old data |ine and new data |ine
if there is a partial change in the frame nenory data during the period in
whi ch the display data, which determ nes the signal electrode drive wave,
is read. One frane period (1F) is required fromdisplay data witing to
reading because there are cases in which all lines will be simultaneously
sel ected. Therefore, to avoid an unintelligible display state as may occur
when scrolling the display, it is sufibi ciceRt 9 to read the data after one
frame period (1F) irrespective of the nunber of lines-selected. At the
sane tinme, however, one franme period (1F) is not needed when the nunber of
selected lines is snall. It is also possible to execute the wite
operation after the read node to the sane |ine address during one |atch
pul se LP period. If the wite oagratﬂoq_folIbwepihe*regd node, however,
timng to assure sufficient mmlhe ti -ﬁﬁnd f br ‘Kaut o-{power save operatlon
will be nore difficult begsfe- - ut ed
fromthe wite register 256 |n1ng rather than at
the shift clock XSCL tim nglRyoL i)
this enbodi nent. This read- ) 'Qgc
when using the multiple Iine er ct|on dri ve} et hod {beCause the | ajch pul se -
and shift clock nust be seve* [ *
In a | arge capacity djspl tth sdguenge begonres fev oy, d|ff|cult I't
&X@cuﬁeg- - Opde” oQe or nm:-@urrre@ after a

is therefore preferabie to 7
wite operation to th sanj it ne addressyﬂ_}nn t__Jperlod bl
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one latch pulse, and to wite the new data one frane period after reading

t he ol®d dat a. The frequency diving ratio of the timng signal
generator 120 in the nodule controller 100 is set to generate two | atch
pul ses, LP during one horizontal period in the above enbodi nent because it
IS necessary to read two lines of display data fromthe frame nenory

wi thin one horizontal period due to the use of the uniformdistribution
2-line, selection drive nethod. ?&h% hﬁmgks because the npbst common cel |
arrangement in the menory matrix Of t 2 énblS R s! M8 uned,
specifically that the nunber of signal electrodes in the dlsplay matrix is
equal to the nunber of columm addresses in the frane nenory, and the
nunber of scan electrodes is equal to the nunber. of |ine addresses.

34 However, if a RAM device is used wherein the nunber of colum
addresses in the frane nenory is tw ce the nunber of signal electrodes in
the display matri x, and the nunber of |ine addresses is half the nunber of
scan el ectrodes (the nunber of cloclg signals) as showmn in figure 15, it is
possible to use a latch Bulse LP generated once during one horizontal
period as in convent i 0 devices. In other words, if the read node is
activated by the l.atch  pt pul se LP, display data for both phe first and
second I|nes is
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sense circuit 252mfromthe nmenory cells Cferr] and C[err] associated with
the @dd word bus W([err] of the franme nmenory, for exanple, and only one

| atch pulse LP is required to read two lines of display data. In this type
of circuit configuration, the latch circuit 258- 1m (shown in figure 13)
used+ o hold one line of display data until the second |line of display
data is output can be elimnated. This sinplifies the driver cell circuit
construction wi thout conplicating the timng adjustnment of the high speed
first latch pulse LP1 and second |dfth FIp¥REsé!l LP2, and thus contributes to
the practical viability of the nmultiple line selection drive method.

Wth the circuits shown in figures 15 and 16, however, the speed at which
the frame nmenory word bus address advances at the | at ch pul se LP i'nput’is
faster in the read operation than the wite operation. To conpensate, the
| i ne address regi ster 257" has an independent wite address W generator
counter 261 and read address generator R counter 262, selects . the
appropriate output using nultiplexer 263. and aﬁh%ﬁés t he nultlplexer 263
output RA to the adgdress decoder 252'd. Wite ad erator counter
261 is initialis the frame st ptes the wite
address using the precharge conmnqw D dgﬁg ntrol signal WRT
shown in figure 12. Read address ; oF 262 s initiali.sed at
the frame start.pulse YD, and generates the read ddr eg@8@si ng t he
precharge control signal PC and read co wn in figure 12.
It is theréfore possible to transfer th diﬁg& yQ‘th from the controller
to the X driver within the period of th LP as in a

conventional nmethod controller irrespective of nunbggmpf
si mul taneously sel ected |ines when using 847D4nU|TJnl Lge
LPoO—- - (M'obv cArw i~ A~—258-3
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sel ection drive nethod.

35 Ceneralising this 2-1ine simultaneous read nethod, the overal
stri@cture of the X driver used to si mul t aneously read plural lines of

di splay data fromthe frane nmenory in this nultiple line selection drive
met hod is described briefly belowwth reference to figure 16. It is
assuned that the row columm configuration of the nenory matri x 252'a of
frame memory 252" is (h.2[err]-D). N, Whepe: 1o h: nunber of scan

el ectrodes sinultaneously selected and driven in the nultiple line

sel ection drive nethod, n: natural nunber, D nunber of
driver outputs per one X driver (the nunber of driveable si gnal

el ectrodes), W nunber of word buses. The val ue

(h.2[err].D).Wis therefore equal to the maxi num nunber of display dots
that can be driven by one X driver.-For reference, the frame nmenory in
figure 11 has a capacity .of (driver outputs) X (display |lines).
Referring to figure 16, t§§3display data stored in the wite register 256
is selected by W, : : )
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DRI

t he address decoder 252'd through the wite circuit 252'b and the wite

sel egtor 252'c based on the wite control signal WR, and is witten to the
menory cells connected to the word bus. Address decoder 252'd decodes the
| ine address output fromline address register 257 in figure 11.

Durirgg the display data read operation, the (h.2[err].D) bit display data
Is read fromthe franme nenory matri x 252'a according to the read control
signal RDinto the read selector 232 ©culklead sel ector 252'e selects
(h.2[err].D) bit display data according to the output from the address
decoder 252'd. Wien n= o, read selector 252'e is therefore not needed.

The (h-D) bit display data is all of the display data that can be

simul taneously driven by the X driver during one scan period. The read

sel ector 252'e output is converted to a digital signal by sense circuit
252' [err] and sent to the multiple |line sel ectZZdTdrive decoder (MS
decoder) 258a of the signal pul se assignnent rcuit 258'. M.S decoder 258a

is reset by the display data, |iquid peyst ur. alternating signal
FR, and frame start pul se Bm a-tz.-r:p}/«-ZSE
36 YD,,,counts the carrier signal FS frgmthe Y Yrivesr, takes the output
from t hé¥sRirle>Tounrer 258 ¢, whrch | entiiies_1he scéh"stat‘e in one
frame, .and decodes the signal selectinp t,l:em..j,m :F i\ 2i-1,m
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driver output potential. The M.S decoder 258 a output is synchronised by
the Jatch circuit 258 b, which operates at the latch pul se LP cl ock, and

is applied to the |level shifter 259. While this circuit uses the
mul tiple line selection drive nmethod, reading the plural 1ines of display
dat agi s conpleted in one scan, thereby reducing power consunption and
sinplifying circuit timng. - It is to be noted that while the

present invention has been described above with specific reference to a
uni formdistribution 2-1ine, seledt{btnti®e'rethod, it can al so be applied
to nethod sinultaneously selecting and driving three or nore plural 1ines.
It will be obvious that the invention can.al so be applied to:the voltage
averaging drive nethod used in part in conventional matrix display’

devi ces. The invention can also be applied to MMdrive "nethods, and is

not limted to sinple matrix methods. In the above gpbodi nent, the
frame menory has nenpry cells to jntain a 11 ratli o bdt¥e i gpl ay.
pi xel s and nenory cdlls, jbut the § nyenti ¢n can alsd be i ot her
frame nenory confimqratsans. Che su¢h conpfigunatiion hg enory for
hol di ng part or} pl yrat sicreeng i spl ay datja @ssoci he pi xel s
before and after| thd cUrr yen pijxet s, d int nsfers
the display datg frd e comtrol ljer td e X
configuration uses @ i s y datla fad t di 9
The pr-esent inventid 50 be I}i mw-qd todl i pl ay
devi ces, and can bg w delr algg mat i x-ty
appar at uses, i ngl udi ben di spiiay, plzgna di
el ectrol um nescgnt di cep, {and!liin apgl®ed |id I{ spl ays
using the light jval v bs pf {11 quijd cryst l's. he, -
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menory, As descri bed hereinbefore, enbodinents of the present

i nventd on are characterised by intermttently operating the oscillation
sourcé of the high frequency clock of the matrix display controller when
the di-splay data is transferred in a nethod conbining a conventi onal
matri ¥* di splay controller and a conventional signal electrode driver built
into the nenory. 37
By neans of this matrix display controller, the total power consunption of
the matrix display apparatus canlbﬁ reduced by intermttent operation of
the high frequency clock because t §3ﬁﬁﬁwﬂﬁ#%quency cl ock operates and the
display data is transferred to the second storage neans only when there is
a change in the data stored in a first storage neans. I n addition
address assignnent can be sinplified, and therefore scréen rewite speed
can be increased, because the processing |oad of the host MPU on the first
st orage neans side can be reduced (because the operation transferring data
to the second storage neans is executed not by the MPU but by an
intervening matrix display controller) and the display data for each scan
line can be batch stored to the second storage neans (by further cascade
connecting the signal electrode drive neans). In additioh, the
nunber of connections between the matrix display controller and
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ﬁaasﬁﬁﬁﬁ?sgszfrode drivers can be reduced even in |arge capacity display
devi ces by cascade connecting the signal electrode drivers, thereby
achieving displays with an inproved display area ratio. The si gnal
efectrode driver can also easily access the second storage nmeans using a
t§m ng signal obtained by dividing one scan period w thout using a high
speed cl ock. Because the aecess timng for the second storage faeans is
tMerefore not as restricted as in conventional methods, wite per f or mance
can be inproved and the size of tHé/t&d &@UIRStrs form ng the second storage
means can be reduced. This also contributes to reducing the driver chip
si ze. When the present invention i:s applied to the multiple line
selection drive nethod, a high contrast, high speed response, matrix-type
liquid crystal display apparatus characterised by |low flicker ,and
consum ng | ess power than conventional display devices can be achieved
because the display apparatus can be operated at a I ow frequency even
t hough -t he data processi'ng required for one display I'ine is greater than
that of the conventional drive nethod. 38 CLAI ME:
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1 Matrix display apparatus conprising a matrix display device of

dia%pl ay.elenments arranged—ma matrix pattern, a first random access
menory devi ce for ' "di-spl ay data, a second rando FRERB-y.
device for st H aﬂ mﬂ ﬁ)ﬂﬁy data of at |east part of the REPLACEMESbISﬂEET
el enents, a di I de drive nmeans for reading the drsptay

data.fromthe second nenory device to Qﬁol y a drive voltage 20 }UZL t{%
signal electrodes of the matrix display device, an intermtfept gh
frequency&sﬂ ator that oscillates according to changes ijh the

di splay data stofed in the first RA:VI dE\él ce and a dltsgl a_yt hatﬁ
transfer ans_for.readi pg the di splay data, associated w e
change frdm t h§Hi% (1Rp] Ydéﬂp@éﬁhé%diﬂfﬁpﬁ@m&ﬁﬁéaﬁﬂ@hdmme of
clock output fromthe intermttent high frequency oscillator, and
transferring tHisplezdelinaentsy adrangedget ermatrih paein,gla ffirstjuenniom

clock to the second RAM device. 2. Matri x display control apparatus
conprising an eastesstidraoty d@vice for ep&fing ithe di:$1ﬂhrfdaﬁﬁy arh“ééoﬁacxgaﬁ%cﬁﬁgr f ;‘ :‘2{
oscillates according to changes in the display data store _
data assoct at et ooory g BT KicEha tHe Uiy AR RF JEGFC AR bERRE LG o
theahdy  ddSilyBRnaRs] 4 Yfla AR IR Widhad Torf Selathg theY 2
display data from the second memory device to apply a drive voltage
to the signal electrodes of the matrix display device, an intermittent
high frequency oscillator that oscillates according to changes in the
display data stored in the first RAM device and a display data
transfer means for reading the display data associated ﬁm the
change from the first RAM device, according to the high frequency
clock output from the intermittent high frequency oscillator, and
transferring the read display data together with the high frequency
. clock to the second RAM device.

2. Matrix display control apparatus comprising an intermittently
operating high frequency oscillator that oscillates according to
changes in the display data stored in a first RAM device, and a
display data transfer means for reading the display data associated
with the change from the first RAM device according to the high
frequency oscillator, and transferring the read display data together
with the high frequency clock to a second RAM device.

3. Matrix display control apparatus comprising a low frequency
oscillator for constantly generating a low frequency clock, a timing

q¢e33rr —°
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wi t.h the high frequency clock to a second RAM device. 3. Matri x displ ay
cant rel—apparatus—coenprising a | ow frequency osci | |§ IR%E’L;&&%MENT SHEET

const i} a | ow frequency clock, a timng
39 sﬂm mmmmgﬁﬂlﬂﬂor generating a specified timng signgl based on hel
I ChO *

ow firequency romthe | ow frequency oscillator, a 5P & Hidatass
I

refresh detection neans for generating% intermttent caontyol signa
based on changes in the display data stored in a first M devi ce, an
intermttent hig I SO i . L.hat ' e Ldin 0_the
intermttent co%hre{c}l gS| gng%h: qgﬁgegl%glgéﬁéad; s&%t%giéci ?@@%

the di splay da ssociated with the change fromthe first RAM device -
according to tﬁiﬁeﬂ?ﬁhﬁ?ﬂgﬁﬂgﬁ CIEF‘E%R tg@tnl%ﬂ‘f Inegyenex oscillatori ardigplay gh
frequency oscillator, and_ transferring the read display data together wth
t he high frequéﬁé@jiifle@bkd@'@cﬁomsm gimeargting an intermittent control

signal based on changes in the display data stored in a first RAM
device, an intermittent high frequency oscillator that oscillates
according to the intermittent control signal, and a display data
transfer means for reading the display data associated with the
change from the first RAM device according to the high frequency
clock output ‘from the intermittent high frequency oscillator, and
transferring the read display data together with the high frequency

clock to a second RAM device.



