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(57) ABSTRACT 

AmatriX-type display control device suited to large capacity 
displays While achieving loW poWer consumption operation 
is achieved by improving the display data transfer method. 

The module controller 100 of a simple matrix-type liquid 
crystal display comprises a low frequency oscillator 110, 
timing signal generator 120, standby circuit (display data 
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 fre 
quency clock fL. Timing signal generator 120 generates the 
scan start signal YD required for the LCD module 200, and 
other signals based on the loW frequency clock fL. 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 commu 
nications With host MPU 10. The high frequency oscillator 
140 generates the high frequency clock fH phase synchro 
niZed to the loW frequency clock fL 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 

(30) Foreign Application Priority Data the display data over data bus 17 to the frame memories 
252-1~252-N of X drivers 250-1~250-N during the inter 

Jul. 7, 1992 (JP) ......................................... .. 179997/92 mittent operation start control signal ST apply time using the 
Jun. 24, 1993 (JP) ......................................... .. 152533/93 high frequency clock fH. 

"" r Y, r 

U 10 ‘ ‘ FS Y2 
MP ' 

110a MODULE YDR'VEHli 
I; SEKHZ COEISELLER I FSI~ “'7' 

11 n R 0 g a “H10 K120 " :FSl 

LOW fL TIMING LP|FH YD 
SYSTEM GNAL '- ' 

MEMORY ‘” ggEctfttfiilgg GENERATOR 2504 X1><2? 250-N 

CEI XORIVER CEO xoRlvER 

12 RAJ-13o H‘GG 140 
14b STANDBY FREQUENCY 
1s C'HCU'T ? OSCILLATOR 

AuxtuARY 1 5T - 
MEMORY 

TOUCH 

“5200 LCD MODULE 
DATA 
BUS 

<—» SENSOR 
CONTROLLER \“ 







Patent Application Publication Feb. 20, 2003 Sheet 3 0f 13 US 2003/0034948 A1 

IL} - ‘TELL 
HF Gigi l 

t t 82, S252, <55) 

IIUOOOQUOO Is‘; UOOO m w e , m N? am QC iauUOOOQiid? .iixUOOOQ 1. 
r m N F t \ m w r 5 Y m. @Fk 

f 11¢ u e 





Patent Application Publication Feb. 20, 2003 Sheet 5 0f 13 US 2003/0034948 A1 

}<-—-—-———~1 FRAME ———————>l 

“im- 1 ‘ ____ _ fi: if"??? v 

(Y1 w ()(x U 33 n (3‘; U OJl 
_ _ i _ _\\//1 

1 — Q _ — ' Q _ ~ _ _ _ _ _ 1 

(a) -< Y2 n u ()8 m H n 



Patent Application Publication Feb. 20, 2003 Sheet 6 0f 13 US 2003/0034948 A1 

m ESE 

El. 



Patent Application Publication Feb. 20, 2003 Sheet 7 0f 13 US 2003/0034948 A1 

[220 
221 

/'223 RST l f 
4 --———*~ FS 

RRsT SHIFT REGISTER ‘ Do 
-------- --@K~f CODE 
SECOND i L eENERAToR +-—o FSI 
SHIFT REGISTER .J 01 <——0 YD 

U U» LP ‘ v 226 

/ f____£ Ms 
LEVEL SHIFTER 0 FR 

U V DECODER 

U r222 ‘ 
, "'‘—'''O V‘! 

VOLTAGE SELECTOR -‘——-—° 0 

u ' MM - 

Y L Y \ 
1 m FIG._ 10A 

YD 

FS FSl 

YD Y driver 2 
MS 

LP 

Y driver n 

LP 

LP 

FIG... 10B 



Patent Application Publication Feb. 20, 2003 Sheet 8 0f 13 US 2003/0034948 A1 

Xi N Xn 

250 \ v T? f260 
k 2 °—* 

M(O) O——-—>“ VOLTAGE sELEcToR 

— IT 

LEvEL SHIFTEFI 4/259 

TT K258 
LP CF r LATCH cIRcuIT /258 "3 

PR0 ( ' “ANTICBIN-C'IISENéE ,258 -2 
F5 0 I ; DETECTOR 

7 RD LATCH CIRCUIT /258 ‘7 

A 25“ R 
7 RD 252 

FRAME / 
LINE Ra MEMORY 

YD 0 = ADDRESS ) 
REGISTER ' (SRAM) 

\—> PC 

WR RD ‘ WR 

I I ‘6 ‘ ~ 

253 \ r WRITE REGISTER V255 

LP N 

_" INPUT REGISTER /255 

‘ L 

DATA<>_-L+ DATA I DATA 9 INPUT 

: CONTROLLER CK CH“: /251 
R F ENABLE 

1 coNTRoLLER 
254 / E l i 

09 CEO 

"FIG.— 11 



Patent Application Publication Feb. 20, 2003 Sheet 9 0f 13 US 2003/0034948 A1 

E>——— 

253a 

SOL 
> INTERNAL 

CLOCK 

FlG._12 



Patent Application Publication Feb. 20, 2003 Sheet 10 0f 13 US 2003/0034948 A1 

2500a ~\ 

2506) 





Patent Application Publication Feb. 20, 2003 Sheet 12 0f 13 US 2003/0034948 A1 

1 LINE 2 LINE 

BLZm BLZm BLZm +1 E3'L2m +1 
\ 

\T YT T _ 
WL 2 i F 1 , 

1 ‘1 

C2 i,2m " /’ C32 i, (2m +1) 
l‘ MEMORY CELL 4-‘ » MEMORY CELL +0 

' L L L ‘ 

WL‘2(i+1),2m/ ’ 

C2(i+1),2m * ‘ ‘ /'C2(i+ 1),(2m +1) 
'» MEMORY CELL "" ‘H’ MEMORY CELL ** 

1 1 
l 1 

‘1 l 
l | 
l . l 

‘ 1 ‘I i L 

252'” \ SENSE CIRCUIT SENSE CIRCUIT f252m * 1 

2500 \ L r \ 
FIELD 113* L [ L A 
START H . . L 

CIRCUIT ’ - 

EX1 Ex2 

LP H‘? ’ ~ 

0 5 GK 5 K /258 -3m 

Q Q ———Ol ——O| 
FIG._ 15 



Patent Application Publication Feb. 20, 2003 Sheet 13 0f 13 US 2003/0034948 A1 

LEVEL SHIFTER 

3 258' 
MLS OEOOOER a 

SENSE CIRCUIT 252’ 

5 4x 
' ‘257' : t 

, ....................................... ., ; [252d _ 

' 261\ . ' ' E READ SELECTOR 252g 

1 r i ' E E I x : 

1 v‘ w’ 263 5; ’5 ~ ‘ f 3 
5 Wm” COUNTER § _ ‘ ‘ § 

' PC I‘ M FRAME MEMORY g 

YD_'—""‘ i ; . Sgggggg E ‘ MATFHX X252: 
» R a \ h x 2n x D x W ' 

RD "*OOUNTER ; ( ) 

i ........................................ > WRITE SELEOTOR252C 

WRITE CIRCUIT 

. 

. 

. 

. 

. 

. 

. 

. 

. 

‘ I 

’ I 

; . 
‘ U 

: . 
- - - - q n Q _ y - n 0 o I - - - n n u Q - I n a u n n Q Q n o _ 4 ~ o - n a 4 - u _ ~ 0 o n n ‘an-l 

. 
. 

252' 
WFNTE REGISTER 

FIG.E_16 



US 2003/0034948 A1 

MATRIX DISPLAY APPARATUS, MATRIX 
DISPLAY CONTROL APPARATUS, AND MATRIX 

DISPLAY DRIVE APPARATUS 

CONTINUING APPLICATION DATA 

[0001] This application is a continuation of US. patent 
application Ser. No. 09/760,025, ?led Jan. 12, 2001, Which 
is a continuation of US. patent application Ser. No. 09/270, 
928, ?led Mar. 16, 1999, issued as US. Pat. No. 6,191,768, 
Which is a divisional of US. patent application Ser. No. 
08/799,327, ?led Feb. 13, 1997, issued as US. Pat. No. 
5,914,699, Which is a continuation of 08/566,314, ?led Dec. 
1, 1995, issued as US. Pat. No. 5,726,677, Which is a 
continuation of 08/088,142, ?led Jul. 7, 1993, noW aban 
doned, each of Which is incorporated herein in its entirety by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] 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 
speci?cally to an improvement of primarily the matrix-type 
display element module, controller, and signal electrode 
driver circuit. 

[0004] 2. Related Art 

[0005] In a simple matrix-type liquid crystal display com 
monly used for ?at panel display devices, the display data 
from a 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: using a matrix-type liquid crystal display 
element module controller (simply “module controller” 
beloW), or using an X driver embedded in RAM. 

[0006] The module controller method is described ?rst. As 
With a CRT display apparatus, the module controller con 
nected to the system bus reads the display data from video 
RAM (VRAM), and sends the data to the LCD module at a 
high frequency to refresh the display. 

[0007] In the latter method, a dual 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 by 
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. 

[0008] With the module controller method above, VRAM 
data access and transfer coordinated With the LCD timing 
must be executed each time the display screen is changed, 
and it is therefore necessary for the VRAM, module con 
troller, and LCD driver to constantly operate at a high 
frequency. In addition, the display refresh operation involves 
operation of the VRAM, module controller, and LCD driver. 
Operation of an LSI device at a high frequency clock results 
in through-current ?oWing to the plural CMOS devices used 
as circuit elements, increasing the total current consumption. 
Total current consumption also increases in direct proportion 
to the siZe of the LCD panel. In addition, While the VRAM 
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is accessed by both the MPU and the module controller, a 
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 limiting the processing 
ability of the MPU. 

[0009] 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. 

[0010] The number of X driver output terminals is gener 
ally a multiple of ten (e.g., 160 pins) and not a poWer of tWo 
(e.g., 2“), hoWever, because each RAM device built in to the 
X drivers has an independent address area. When the inter 
nal memory of plural X drivers is addressed by the MPU, the 
MPU ?nds apparent gaps in the total memory area, and it is 
usually dif?cult to maintain a continuous sequence of 
addresses. As a result, the address coordination 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, signi?cantly increasing the processing 
load on the MPU. 

[0011] 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 interchangeability because 
compatibility With the number of electrodes in existing LCD 
panels Would be lost. In addition, use of plural X drivers 
necessarily increases the number of chip selection buses, and 
suf?cient space for this plural number of X drivers to be 
installed around the LCD panel must be provided. This 
reduces the display area ratio of the display panel, and 
inhibits the potential siZe reduction of the LCD module. The 
latter method above is therefore unsuited to large scale liquid 
crystal panels. 

SUMMARY OF THE INVENTION 

[0012] Therefore, an object of the present invention is to 
provide a matrix display apparatus, a matrix display control 
apparatus, and a matrix display drive apparatus suited to a 
loW poWer consumption, large capacity display by improv 
ing the display data transfer method. 

[0013] The present invention provides a method combin 
ing a module controller-type display device With a signal 
electrode driver having a built-in frame memory that 
intermittently operates the oscillation source of a high 
frequency clock for the module controller during display 
data transfer. 

[0014] Speci?cally, a matrix display apparatus according 
to the invention comprises a matrix display device of display 
elements arranged in a matrix pattern, a ?rst random access 
memory device for storing the display data, a second random 
access memory device for storing the display data of at least 
part of the display elements, and 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. This matrix display apparatus is 
characteriZed by an intermittent high frequency oscillator 
that oscillates according to changes in the display data stored 
in the ?rst RAM device, and a display data transfer means 
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for reading the display data associated With the change from 
the ?rst 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. 

[0015] The matrix display control apparatus for this dis 
play apparatus comprises a loW frequency oscillator for 
constantly generating a loW frequency clock, a timing signal 
generator for generating a speci?ed timing signal based on 
the loW frequency clock from the loW frequency oscillator, 
a display data refresh detection means for generating an 
intermittent control signal based on changes in the display 
data stored in the ?rst RAM device, an intermittent high 
frequency oscillator that oscillates according to the inter 
mittent control signal, and a display data transfer means for 
reading the display data associated With the change from the 
?rst 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. 

[0016] A matrix display drive apparatus comprising a 
second random access memory device for storing the display 
data of at least part of the display elements, reading the 
display data from the second RAM device, and applying a 
drive voltage to the signal electrodes of the matrix display 
device, and used in a display apparatus using this matrix 
display control apparatus comprises a timing signal genera 
tor for generating a Write control signal and a read control 
signal at an offset timing Within one 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 control signal and then executing a Write operation 
according to the Write control signal With both operations 
addressing the same address in the second RAM device. 

[0017] A matrix display drive apparatus of this type pref 
erably 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. 

[0018] The read/Write means of this matrix display drive 
apparatus comprises a temporary storage means for sequen 
tially 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 stored display data from the 
temporary storage means according to a signal longer than 
one cycle of the high frequency clock. 

[0019] In a matrix display drive apparatus using a multiple 
line selection drive method, 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 second RAM device and the 
voltage state of the scanning electrode of the matrix display 
device. 

[0020] This signal voltage state assignment means spe 
ci?cally 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 state setting means for speci 
fying the voltage state of the scan electrode of the matrix 
display device, an anti-coincidence detector for detecting 
anti-coincidence betWeen the plural scan line equivalent 
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display data and the selected voltage state of the scan 
electrode, and a voltage selector for selecting the signal 
electrode voltage based on the anti-coincidence detection 
result. 

[0021] In a differently con?gured matrix display drive 
apparatus using a multiple line selection drive method, the 
second RAM device comprises a memory array for storing 
plural scan lines of display data for one line address of the 
matrix display device, and the signal voltage state assign 
ment means comprises a means for batch reading plural scan 
lines of display data, a scan state setting means for speci 
fying 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 RAM device and the selected voltage state of the 
scan electrode. 

[0022] The present invention con?gured for a uniform 
distribution, multiple line selection drive method for a scan 
electrode drive apparatus using a multiple line selection 
drive method is characteriZed by a means for simultaneously 
selecting and cyclically scanning plural scan electrodes 
plural times Within the period of the frame start signal. 

[0023] A matrix display control apparatus thus comprised 
can reduce the total poWer consumption because of inter 
mittent 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 ?rst RAM device, at Which 
time the display data is transferred to the second RAM 
device. The processing load on the host MPU for the ?rst 
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 appa 
ratus. By cascade connecting the drive device of the signal 
electrodes, display data can be transferred according to the 
con?guration of the matrix display device Without being 
aWare of the driver side memory con?guration, and the 
address correlation process can be simpli?ed. The display 
can also be refreshed faster because the display data for each 
scan line is stored in the second RAM device. By cascade 
connecting the signal electrode drive devices, the number of 
connections (e.g., the number of chip selection buses) 
betWeen the matrix display control apparatus and drive 
devices can be minimiZed even in large capacity displays, 
and display devices With a large display area ratio can be 
achieved. 

[0024] In addition, the second RAM device can be 
accessed With ease using time-share access timing during 
one scanning period. Greater tolerance is therefore achieved 
in the second RAM device access timing, improving data 
Writing performance and making it possible to reduce the 
siZe of the transistors in the second RAM device. This also 
contributes to a reduction in driver chip siZe. 

[0025] Other objects, advantages and attainments together 
With a fuller understanding of the invention Will become 
apparent and appreciated by referring to the folloWing 
description and claims taken in conjunction With the accom 
panying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 is a block diagram of the overall con?gu 
ration of a simple matrix-type liquid crystal display appa 
ratus according to the preferred embodiment of the present 
invention. 
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[0027] FIG. 2 is a detailed block diagram of the module 
controller in a simple matriX-type liquid crystal display 
apparatus according to the present embodiment. 

[0028] FIG. 3 is a timing chart used to describe the 
operation of the above module controller. 

[0029] FIG. 4 is an illustration of sample piXel on/off 
states in a simple matriX-type liquid crystal display appara 
tus. 

[0030] FIG. 5 is a Wave form diagram of the scan elec 
trode Wave and signal electrode Wave in a multipleX drive 
method using voltage averaging. 

[0031] FIG. 6 is a Wave form diagram of the on/off 
characteristics of the liquid crystal piXels in a multipleX 
drive method using voltage averaging. 

[0032] FIGS. 7(a)-(a) are a Wave form diagrams of the 
scan electrode Wave and signal electrode Wave in a uniform 

distribution, 3-line selection drive method. 

[0033] FIG. 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 FIG. 7. 

[0034] FIG. 9 is a Wave form diagram of the scan elec 
trode Wave and signal electrode Wave in the distributed 
2-line selection drive method used in the present embodi 
ment. 

[0035] FIG. 10A is a block diagram of the scan electrode 
drive circuit (Y driver) in a simple matriX-type liquid crystal 
display apparatus according to the present embodiment, and 
FIG. 10B is a block diagram of plural Y drivers cascade 
connected. 

[0036] FIG. 11 is a block diagram of the signal electrode 
drive circuit (X driver) in a simple matriX-type liquid crystal 
display apparatus according to the present embodiment. 

[0037] FIG. 12 is a detailed block diagram of the timing 
circuit in the signal electrode driver (X driver). 

[0038] FIG. 13 is a block diagram of the peripheral 
circuits, signal pulse 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). 

[0039] FIG. 14 is a timing chart used to describe the Write 
operation and read operation in the signal electrode driver. 

[0040] FIG. 15 is a block diagram of an alternative frame 
memory for the signal electrode driver. 

[0041] FIG. 16 is a block diagram of the signal electrode 
driver using the alternative frame memory shoWn in FIG. 
15. 

[0042] A list of reference numerals is provided in Appen 
diX I. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0043] Description of Overall Con?guration 

[0044] As shoWn in FIG. 1, this simple matriX-type LCD 
comprises a programmed host MPU 10, system memory 11 
used as the Working memory of host MPU 10, video RAM 
(VRAM) 12 for storing the display data at the same address 
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area as system memory 11, auXiliary memory 13 for storing 
images, data, and audio information, module controller 100 
connected to system bus 14a and dedicated bus 14b, LCD 
module 200 display-controlled by module controller 100, 
input touch sensor 15, and touch sensor controller 16. 

[0045] As in a conventional computer system, communi 
cations control devices and other peripheral devices such as 
other display devices can be connected to system bus 14a as 
required. 

[0046] LCD module 200 further comprises a simple 
matriX-type liquid crystal display (LCD panel) 210, scan 
electrode drive circuit (Y driver IC) 220 for selecting plural 
scan electrodes Y1, Y2 . . .Yn of LCD panel 210, and signal 
electrode drive circuits (X driver ICs) 250-1~250-N With N 
built-in frame memory (RAM) devices for supplying the 
display data to plural signal electrodes of LCD panel 210. 

[0047] Module Controller 

[0048] Module controller 100 comprises a loW frequency 
oscillator 110, timing signal generator 120, standby circuit 
(display data refresh detection circuit) 130, high frequency 
oscillator 140, and a direct memory access (DMA) circuit 
150. LoW frequency oscillator 110 comprises a 32~512 kHZ 
oscillator, and constantly generates a loW frequency clock 
fL. Based on loW frequency clock fL, timing signal generator 
120 generates the scan start signal (frame start pulse) YD 
required for 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. Standby circuit 130 generates the intermittent operation 
start control signal ST When the intermittent operation 
command is received directly from host MPU 10, or When 
the display data in VRAM 12 is updated as determined by 
monitoring system bus 14a for communications With host 
MPU 10. High frequency oscillator 140 generates the high 
frequency clock fH phase synchroniZed to the loW frequency 
clock fL during the intermittent operation start control signal 
ST apply period. DMA circuit 150 reads the display data 
from 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 data bus 
17 to 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 clock fH. 

[0049] As shoWn in FIG. 2, timing signal generator 120 
comprises a frequency divider 121, vertical counter 122, and 
frame counter 123. Frequency divider 121 generates tWo 
line latch signals LP during one horiZontal period based on 
the loW frequency clock fL. Vertical counter 122 counts the 
line latch signals LP to generate the line address signal RA 
specifying the number of the scan electrode (line address) 
and frame start pulse YD. Frame counter 123 generates the 
liquid crystal current alternating signal FR based on frame 
start pulse YD and a speci?ed count from vertical counter 
122. 

[0050] Standby circuit 130 comprises a system bus inter 
face circuit 131, line ?ag register 132, comparator 133, and 
synchroniZation adjuster 134. The line ?ag register 132 
stores the transfer command ?ag, Which is set by host MPU 
10, When host MPU 10 changes the display data in the X 
driver frame memory of VRAM 12. Comparator 133 evalu 
ates the coincidence/anti-coincidence of the line address 
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signal RA and the address of the scan electrode for Which the 
transfer command ?ag is set to generate the coincidence 
signal j. Synchronization adjuster 134 generates the inter 
mittent operation start control signal ST from the coinci 
dence signal j and the latch pulse LP. It is to be noted that 
tWo intermittent operation start control signals ST are gen 
erated during one horiZontal period (1H) of the latch pulse 
LP because of the use of a 2-line selection/drive method. 

[0051] Synchronization adjuster 134 comprises an inverter 
134a for inverting the latch pulse LP, a D ?ip-?op 134b for 
generating a coincidence signal synchroniZed to the latch 
pulse LP drop, and AND gate 134c setting the pulse Width 
of the synchroniZation coincidence signal as the intermittent 
operation start control signal ST limited to the latch pulse LP 
period. The read start address of VRAM 12 is set by host 
MPU 10. 

[0052] 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 start control signal ST and intermit 
tent operation end control signal CA, Which is described 
beloW. High variable frequency CR oscillator 142 oscillates 
intermittently as controlled by the oscillation control signal 
CT. Intermittent operation time limiter 143 counts the high 
frequency clock fH obtained by high variable frequency CR 
oscillator 142 to generate the intermittent operation end 
control signal CA limiting the intermittent operation time. 
AND gate 144 generates the shift clock SCL for storing the 
display data in the shift register from the high frequency 
clock fH and intermittent operation end control signal CA. 

[0053] High variable frequency CR oscillator 142 com 
prises a CR oscillator formed by AND gate 142a, inverters 
142b and 142c, feedback resistors R1, R2, and R3, and 
feedback capacitor C1, resistance selectors SW1, SW2, and 
SW3, and sWitch selection register 142d. The time constant 
of sWitch selection register 142d is set by host MPU 10, 
Which controls the combination of open and closed resis 
tance selectors SW1, SW2, 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, SW2, and SW3 based 
on the content of sWitch selection register 142d, the value of 
the oscillation frequency fH of the CR oscillator can be 
changed. 

[0054] Intermittent operation time limiter 143 comprises 
inverter 143a, AND gate 143b, preset counter 143c, variable 
clock count register 143d, and inverter 143f. Inverter 143a 
inverts and buffers the high frequency clock fH. AND gate 
143b passes the high frequency clock fH only during the 
HIGH level period of the intermittent operation end control 
signal CA. Preset counter 143c resets at the signal drop of 
the intermittent operation start control signal ST using as a 
clock the high frequency clock fH input from AND gate 143b 
through inverter 143e. 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 
host MPU 10. Inverter 143f inverts the carrier output CA of 
preset counter 143c to generate the intermittent operation 
end control signal CA. 

[0055] DMA circuit 150 comprises DMA controller 151 
and data conversion circuit 152. DMA controller 151 out 
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puts the read clock RSK to dedicated bus 14b using the shift 
clock SCL based on the coincidence signal j from standby 
circuit 130, and outputs the ?ag address signal and ?ag 
preset signal to line ?ag register 132. Data conversion circuit 
152 fetches the display data from the overWrite address in 
VRAM 12 at the read clock RSK over 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 data bus 17, and sends the display data DATA With 
shift clock XSCK, the frequency of Which is equal to the 
frequency of shift clock SCL, over data bus 17 to X drivers 
250-1~250-N. 

[0056] The operation of module controller 100 is 
described With reference to FIG. 3. LoW frequency oscilla 
tor 110 and timing signal generator 120 in the module 
controller 100 are normally operating, but it is not necessary 
for 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. 
High frequency oscillator 140 therefore operates intermit 
tently, operating only When the display data in VRAM 12 is 
updated. 

[0057] LoW frequency oscillator 110 constantly outputs 
the loW frequency clock fL, and frequency divider 121 of 
timing signal generator 120 frequency divides the loW 
frequency clock fL at the speci?ed ratio to generate the latch 
pulse LP. The latch pulse LP is emitted tWice per one 
horiZontal period (1H) at a maXimum frequency of 32 
kHZ~80 kHZ for a 640x480 pixel monochrome display. 
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 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 alter 
nating signal FR) required by LCD module 200 are gener 
ated by timing signal generator 120. When host MPU 10 
completely changes the display data of VRAM 12 during the 
refresh operation or partially changes the data When using a 
frame sampling gradation display, host MPU 10 sets the 
transfer command ?ag in the corresponding address of line 
?ag register 132 via system bus 14a and system bus interface 
circuit 131. Because the line address signal RA from vertical 
counter 122 is updated each time the latch pulse LP is 
generated, comparator 133 emits coincidence signal j When 
line address signal RA coincides With the ?ag address of the 
set transfer command ?ag. The coincidence signal j is input 
to synchroniZation adjuster 134, and the intermittent opera 
tion start control signal ST rises for one horiZontal period 
synchroniZed to the drop of the latch pulse LP as shoWn in 
FIG. 3. When the intermittent operation start control signal 
ST rises, the oscillation control signal CT output from AND 
gate 141 rises, causing one input to the AND gate 142a at the 
?rst stage of the CR oscillator to be high. The CR oscillator 
therefore begins outputting a high frequency oscillation 
clock fH according to the feedback constant de?ned by the 
combination of open and closed resistance selection 
sWitches SW1~SW4. The high frequency clock fH is supplied 
through inverter 143a, AND gate 143b, and inverter 1436 to 
preset counter 143c, and is output as shift clock SCL from 
AND gate 144. This shift clock SCL is a high frequency 
clock used for DMA circuit 150 display data reading and 
transferring. 
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[0058] 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 speci?ed by clock frequency register 143d, 
a high level carrier output CA is output, and the inverted 
signal of the high level carrier output CA, i.e., the intermit 
tent operation end control signal CA, drops as shoWn in 
FIG. 3. When the intermittent operation end control signal 
CA drops, the oscillation control signal CT also drops, and 
variable frequency CR oscillator 142 stops oscillating. As a 
result, variable frequency CR oscillator 142 oscillates inter 
mittently, oscillating only during the period of Which the 
start and end times are de?ned by the intermittent operation 
start control signal ST and intermittent operation end control 
signal CA, and generates the number of high frequency 
clock fH signals required to transfer the display data for one 
scan line as speci?ed by clock count register 143d. As a 
result, When there is no change in the display data, unnec 
essary oscillation by variable frequency CR oscillator 142 
can be eliminated, thus contributing to reduced poWer con 
sumption. 

[0059] When coincidence signal j is output from compara 
tor 133 of standby circuit 130, DMA controller 151 of DMA 
circuit 150 outputs the read clock RSK over dedicated bus 
14b using the high speed clock SCL. The display data (neW 
display data) of the overWrite address in VRAM 12 is thus 
read as shoWn in FIG. 3, and input to data conversion circuit 
152 as read data SD. The read data SD is converted to the 
bit number or format of data bus 17, and the display data 
DATA and shift clock XSCK With a frequency equal to the 
clock SCK are transferred over data bus 17 to X drivers 
250-1~250-N. DMA controller 151 also sends the corre 
sponding ?ag address signal and ?ag preset signal to line 
?ag register 132, clearing the transfer command ?ag of the 
?ag address for the display data read into data conversion 
circuit 152. When the next line address signal RA is gener 
ated, the above operation is repeated by the next high speed 
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 is a 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. 

[0060] By providing frame memories 252-1~252-N in the 
X drivers 250-1~250-N, and providing loW frequency oscil 
lator 110 and intermittently operating high frequency oscil 
lator 140, it is possible to restrict transfer of the display data 
for each scan line to the frame memories 252-1~252-N, to 
only When the display data in VRAM 12 is changed. 
Because constant operation of the high frequency oscillator 
140 is thus eliminated, total poWer consumption can be 
signi?cantly reduced unless the display data is changed. 

[0061] This intermittent operation is compatible With 
frame sampling gradation displays and displays With a small 
moving image area in the display, and offers good compat 
ibility With existing display systems. 

[0062] It is to be noted that high frequency oscillator 140 
of module controller 100 features variable frequency CR 
oscillator 142, but it can also be constructed With a phase 
synchroniZed circuit (PLL) generating a high frequency 
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clock synchroniZed to the latch pulse LP. In this case, the 
high frequency clock is obtained from the output of a voltage 
controlled oscillator in the phase synchroniZed circuit. 

[0063] In addition, high frequency oscillator 140 can also 
be replaced by an external high frequency clock source 
rather than being built into module controller 100. Alterna 
tively, module controller 100 can be integrated onto the 
same chip as host MPU 10 or VRAM 12, thereby reducing 
the number of connection buses. 

[0064] Multiple Line, Selection Drive Method 

[0065] The construction and operation of the X driver 
(signal electrode drive circuit) 250 is described next. Pre 
ceding this description, hoWever, the principle of multiple 
line selection method on Which the invention is based is ?rst 
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 selecting 
plural scan electrodes, i.e., the multiple line selection 
method, rather than the conventional voltage averaging 
liquid crystal drive method. 

[0066] When driving a simple matrix-type liquid crystal 
display element as shoWn in FIG. 4 by the voltage averaging 
multiplex drive method, the scan electrodes Y1, Y2, . . . Yn 
are usually sequentially selected one by one, and the scan 
voltage is applied. At the same time, the signal electrode 
Wave is applied to the signal electrodes X1, X2, . . . Xrn 
according to the on/off state of the various elements on the 
selected scan electrode to drive the liquid crystal elements. 

[0067] An example of the applied voltage Wave is shoWn 
in FIG. 5. FIG. 5(a) and (b) are the voltage Waves applied 
to scan electrodes Y1 and Y2, respectively, (c) is the voltage 
Wave applied to signal electrode X1, and is the combined 
voltage Wave applied to the pixel at the intersection of scan 
electrode Y1 and signal electrode X1. 

[0068] In this drive method sequentially selecting the scan 
electrodes one line at a time, the drive voltage is relatively 
high. In addition, a relatively high voltage is applied even in 
the off state as shoWn in FIG. 6, and high attenuation of the 
voltage in the on state results in poor contrast. Noticeable 
?icker during frame gradation is another problem. 

[0069] A so-called multiple line selection drive method 
Whereby plural sequential scan electrodes are simulta 
neously selected and driven has therefore been proposed as 
a means of improving contrast and reducing ?icker. (See A 
Generalized Addressing Technique Forms Responding 
Matrix LCDs 1988, International Display Research Confer 
ence, pp. 80~85). 

[0070] FIG. 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 FIG. 4, the ?rst three scan 
electrodes Y1, Y2, Y3 are simultaneously selected, and a scan 
voltage as shoWn in FIG. 7(a) is applied to the scan 
electrodes Y1, Y2, Y3. 

[0071] The next three scan electrodes Y4, Y5, Y6 are then 
selected, and a scan voltage pattern as shoWn, for example, 
in FIG. 7(b) is applied. This operation is sequentially 
executed for all scan electrodes Y1, Y2, . . .Yn. The potential 
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is then reversed at the next frame, thus enabling alternate 
current driving of the liquid crystals. 

[0072] In the conventional voltage averaging drive 
method, one scan electrode is selected once in each single 
frame period. In the multiple line selection method the 
selection time is evenly distributed on a time basis in one 
frame, retaining the normal orthogonality of the scan selec 
tion method While simultaneously selecting a speci?c num 
ber of scan electrodes as a block With a spatial distribution. 
“Normal” here means that all scan voltages have the same 
effective voltage (amplitude) in one frame period. “Orthogo 
nal” means that the voltage amplitude applied to any given 
scan electrode added to the voltage amplitude applied to 
another scan electrode during one selection period equals 
Zero (0) 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 FIG. 7, if the level of V1 is 1 and —V1 is —1 When 
selected, the line-column equation F3 for one frame can be 
abbreviated as 

l l —l l 

l —l l l 

—l l l 1 

Eq. 1 

[0073] because the unselected period is 0. For example, 
the orthogonality of the ?rst line (Y1) and second line (Y2) 
is veri?ed as 

Fl 

[0074] A detailed description of orthogonality is simpli 
?ed beloW because of the mathematical content. It is suf? 
cient to note that When driving liquid crystals, the loW 
frequency component is a cause of ?icker. As a result, it is 
necessary to select the minimum number of lines and 
columns necessary to maintain orthogonality When simul 
taneously selecting h lines. In general, When simultaneously 
selecting h lines, the minimum number of columns required 
in the distributed selection (the “minimum required distrib 
uted selection number”) in one frame, equivalent to the 
number of columns in the above column/line equation (1), is 
the value 2n Where n is a natural number and the equation 

[0075] is true. For example, the minimum required dis 
tributed selection number for simultaneous selection of three 
lines shoWn in FIG. 8 is 4. When h=2“, the single selection 
period At is equal to the single selection time (1H) in the 
voltage averaging method. 

[0076] In the signal voltage Wave form, one level of the 
(h+1) distributed voltage levels is determined according to 
the display data. In the voltage averaging method, the signal 
electrode (line) Wave form corresponds directly to the single 
line selection Wave form as shoWn in FIG. 5, and one of the 
tWo levels (corresponding to on/off levels) is output. When 
h lines are simultaneously selected as shoWn in FIG. 7, it is 
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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 anti-coincidence C 
betWeen the signal electrode data pattern (Sm, 52d . . . Shd) 
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”, respec 
tively. 

h Eq. 3 

C = Z My es”) 
[:1 

[0077] Note, hoWever, that Where the value of fi1 in Eq. 1 
is “1,” a value of “0” is used in Eq. 3. 

[0078] The value of C above ranges from 0 to h. In the 
voltage averaging method, the value of C ranges from 0 to 
1 because the value of h=1. In the example shoWn in FIG. 
7, the signal electrode data pattern and X driver output 
potential are as shoWn in Table 1. The number of data 
patterns for each anti-coincidence number shoWn in Table 1 
is the same for each column. 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 anti-coincidence number or signal elec 
trode data pattern. Speci?cally, the signal electrode voltage 
Wave shoWn in FIG. 7(c) is obtained. 

TABLE 1 

Anti- Signal Electrode Data No. of X Driver 
coincidence Pattern Data Patterns Output Voltage 

C = 0 (1,1,1) 1 —V3 
C = 1 (0,1,1) (1,0,1) (1,1,0) 3 —V2 
C = 2 (1,0,0) (0,1,0) (0,0,1) 3 V2 
C = 3 (0,0,0) 1 V3 

[0079] Display of the intersecting pixels of signal elec 
trode X1 and scan electrodes Y1, Y2, and Y3 in FIG. 4 is, in 
sequence, 1 (on), 1, 0 (off). The corresponding potential 
values of the scan electrodes during the initial At are, in 
sequence, 1 (V1), 1, 0 (—V1). Because the anti-coincidence 
number is therefore Zero, the output potential during the 
initial At is of signal electrode X1 is —V3 (see Table 1). The 
output potential Wave for each signal electrode is similarly 
applied to each of the pixels. ShoWn in FIG. 7(a) is the 
voltage Wave applied to the pixels at the intersection of the 
scan electrode Y1 and signal electrode X1, i.e., the combi 
nation of the voltage Wave applied to the scan electrode Y1 
and the voltage Wave applied to the signal electrode X1. 

[0080] 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 FIG. 5, but also offers the advantage of minimiZing the 
drive voltage on the X driver side. For example, if the liquid 
crystal threshold value VTH 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 semicon 
























