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7) ABSTRACT

A Pixel Circuit For Liquid Crystal Display Using Static
Memory is disclosed, wherein a digital circuit is installed at
a pixel of the liquid crystal display (LCD) for processing
static image. The digital circuit works with an analogue
circuit for processing dynamic image. Several multiplexers
and static memory are provided to enhance the digital and
analogue signal processing, for lowering the power con-
sumption so as to accomplish power saving function of a
Pixel Circuit For Liquid Crystal Display Using Static
Memory.

\ 203
213- Veom Vref
w. € | i
, Static in0 inl 206
05| gy | [ Mewory
~ )
] 211 99 Tl
out
207 T [0 Y

vaom



Patent Application Publication Sep. 30,2004 Sheet 1 of 6 US 2004/0189577 Al

vVcom’

N
o O
o —
™ ;
I'\\ +
______ L
C
S
@
=R
O -
) @k
— N
— ] ——> .
— ds)
\{ P~ i ol
(-
‘ i
™ :,
‘\\.__, Lo
o
-




Patent Application Publication Sep. 30,2004 Sheet 2 of 6 US 2004/0189577 Al

Ly

=
@)
)
=
I~ o
o
o]
=
=3
@ O i,
—_ ™ <M
S—F | F
(o
- D
5 5
Gy
s
= E
=
D > o ] 8 c
A N
N N
+ O — —
ol ® 8 N P~
Lo O =
nEFn= 8
et
N I/ =
gl >
‘ D~
o
i =
—
o
o
7T\
\\-‘_\_..LD
o)
N




Patent Application Publication Sep. 30,2004 Sheet 3 of 6 US 2004/0189577 Al

© IC )
lam)
Q in l[ R
Yy
v
= L ~
D
N
=
o
S Sy
N = e
i‘\.\ ‘‘‘‘‘ é‘\?l
e &
+ 0 -
T e X =
L PO =
och BN = Q
o O
™ I =
5
| -
o
i N
)
o
|
M
LD
S
N




Patent Application Publication Sep. 30,2004 Sheet 4 of 6 US 2004/0189577 Al

= I \‘q‘“l
< [l S
Yy
&
= o~
------- P
(N
=
e @)
S O oL
()
: Cc\
&)
P |
s
'7 =
@)
i S
— -
‘oo I [{ |
I~y D
1—4l \"‘-.
—
o
i[ -
‘;__'
o
N
/TN .
\‘\ ----- LQ
]
C\




Patent Application Publication Sep. 30,2004 Sheet 5 of 6 US 2004/0189577 Al

=
O
O
=
Cmed |
L 5
S 238 |
T | \
= N
02~ | S <
QO |~ o N
— 7
O B
I ~
| 28 =
U5 g N3
o = | D = o
= ,
aN !
%_/\_\ S
. |/ Q
Bl > 5
— =) ' [a—
: 2] =
© =2 ° N
) O
N L
;:-' c ........ \\O
o L2 08
o ™
g
—
o
|
IghY
N LD
P
N




Patent Application Publication Sep. 30,2004 Sheet 6 of 6 US 2004/0189577 Al

Gy ""M‘\N
o— K
& L
=
S—1L
S
g [N i
N | -
S g [ O
| |
© T F‘ 5 =
I/ Q
o
~ I Lﬂi H/,J\ {>§>
o o
o N
C
—
o
N
T :‘
O
o
&N




US 2004/0189577 Al

PIXEL CIRCUIT FOR LIQUID CRYSTAL DISPLAY
USING STATIC MEMORY

BACKGROUND OF THE INVENTION
[0001]

[0002] The invention is related to a Pixel Circuit For
Liquid Crystal Display Using Static Memory, wherein a
digital circuit is installed at a pixel of the liquid crystal
display for processing static image. The digital circuit works
with an analogue circuit for lowering the power consump-
tion so as to accomplish power saving function of a Pixel
Circuit For Liquid Crystal Display Using Static Memory.

[0003] 2. Description of the Prior Art

[0004] Liquid crystal display (LCD) is widely used in
notebook computers and various apparatus with display
functions. An image pixel driving circuit used in the LCD is
an analogue circuit. Among prior art LCD elements, passive
or active matrix liquid crystals such as thin film transistor
(TFT) and twisted nematic (TN) are used. A schematic view
of exemplary circuit of a prior art pixel circuit is shown in
the FIG. 1. The circuit shown in the FIG. 1 is used as a basic
unit to form a LCD. All unit circuits share a scanning line
103 and data line 105. FIG. 1 shows a circuit of active
matrix TFT LCD 101. The architecture of image pixel is
composed of TFT LCD 101, a capacitor 107 a liquid crystal
unit 109. An analogue voltage is required to write into the
capacitor 107 so as to display gray level image, and a
scanning line 103 as the circuit switch. When a signal from
scanning line 103 indicates to switch the liquid crystal unit
on, the data line 105 then charges/discharges the capacitor
107. Due to the malfunction of TFT 101, a current leakage
may occur and result in gray level loss. To prevent afore-
mentioned phenomenon and render a good gray level dis-
play, the data line 105 is required to continually charge/
discharge TFT 101. Said operation results in a refresh rate
data, which serves as an important reference for LCD
performance.

[0005] In the prior art, a surface stabilized ferroelectric
liquid crystal (SSFLC) is also used to form a LCD. The
SSFLC has spontancous polarization. When an external
electric field is applied, the direction of the spontaneous
polarization reverses and such direction is then retained. As
a result, when the LCD displays static image, it’s no longer
required to continually writing signals into pixels, neither is
required to continually charge/discharge data line, so as to
reduce power consumption. The drawback of the method is
that such display only shows black and white. A gray level
display requires complicated circuits such as pulse width
modulation (PWM).

[0006] In order to resolve the aforementioned drawbacks
of Pixel Circuit For Liquid Crystal Display Using Static
Memory such as high power consumption or requirements to
use complicated circuits, a digital circuit is employed at a
pixel of the LCD in the present invention, such frequent
display refresh is eliminated and the power consumption is
reduced.

1. Field of the Invention

SUMMARY OF THE INVENTION

[0007] The invention is about a Pixel Circuit For Liquid
Crystal Display Using Static Memory. A digital circuit is
installed at a pixel of the liquid crystal display for processing
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static image. The digital circuit works with an analogue
circuit for processing dynamic image. Traditionally, ana-
logue pixels have better performance for gray level display.
According to the present invention, a digital operation is
provided, wherein the data line is not required to be charged/
discharged, such that the power consumption is reduced. In
addition, several multiplexers are provided to enhance the
digital and analogue signal processing, for lowering the
power consumption so as to accomplish power saving
function of a Pixel Circuit For Liquid Crystal Display Using
Static Memory.

[0008] The Pixel Circuit For Liquid Crystal Display Using
Static Memory comprises a plurality of multiplexers, acting
as switching elements for performing a plurality of output
voltage transforming functions; a static memory, connecting
to a scanning line, a thin film transistor and a capacitor, for
storing the digital voltage signals stored in the capacitor; a
thin film transistor, for connecting a scanning line and a data
line, acting as a control switch of the circuit; and a capacitor,
connecting to the thin film transistor, where analogue or
digital signals from the data line are stored.

[0009] The invention can be more fully understood by
reading the following detailed description of the preferred
embodiments, with reference made to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a schematic view showing a prior art
pixel circuit;

[0011] FIG. 2A is a block diagram showing a static
random access memory pixel circuit according to the Pixel
Circuit For Liquid Crystal Display Using Static Memory in
the third embodiment of the present invention,

[0012] FIG. 2B is a schematic diagram showing a static
random access memory pixel circuit according to the Pixel
Circuit For Liquid Crystal Display Using Static Memory in
the third embodiment of the present invention,

[0013] FIG. 2C is a schematic diagram showing a static
random access memory pixel circuit according to the Pixel
Circuit For Liquid Crystal Display Using Static Memory in
the third embodiment of the present invention,

[0014] FIG. 3A is a block diagram showing a static
random access memory pixel circuit according to the Pixel
Circuit For Liquid Crystal Display Using Static Memory in
the fourth embodiment of the present invention; and

[0015] FIG. 3B is a schematic diagram showing a static
random access memory pixel circuit according to the Pixel
Circuit For Liquid Crystal Display Using Static Memory in
the fourth embodiment of the present invention;

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0016] The present invention initializes a digital operation
mode of static memory (SRAM) to enable a static image
display without continually refreshing the display, so as to
reduce power consumption and save power.

[0017] Refer to FIG. 2A, which is a block diagram
showing a static random access memory pixel circuit
according to the Pixel Circuit For Liquid Crystal Display
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Using Static Memory in the third embodiment of the present
invention. After the write enable function of SRAM 211 is
initiated by the scanning line 203, digital voltage values
from the data line 205 are stored to the capacitor 207 via
TFT 201. The voltage value stored in the capacitor 207 is
also simultaneously written onto SRAM 211, and output
from general voltage terminal Vcom or reference voltage
terminal Vref depending on which is selected by the multi-
plexer 202. Then the mode control terminal 206 controls the
second multiplexer 204, for determining whether to operate
on the digital mode, where Vcom or Vref from the first
multiplexer 202 is used to apply a bias on liquid crystal unit
209, or operate in the analogue mode, where the analogue
voltage image value stored in the capacitor 207 is used to
apply a bias on liquid crystal unit 209. If the mode control
terminal receives control signals for a dynamic or static
image, the operation is on the first mode. The analogue mode
control signals are input into the second multiplexer 204 via
selection terminal sel, the first mode terminal in0 may
connect to the capacitor 207 or connect scanning line 203
and data line 205 via TFT 201. When the scanning line 203
switches on the TFT 201, an analogue image voltage value
from the data line 205 is written to the capacitor 107 via the
TFT 201. Then the analogue image voltage value is con-
nected to the liquid crystal unit 109 via the output terminal
out of the second multiplexer 204. When the operation is in
the analogue mode circuit for dynamic image display, such
analogue value and the bias of general voltage terminal
Veom from both ends of liquid crystal unit 209, form the
gray level display.

[0018] If the mode control terminal 206 receives digital
mode control signals for a static image, it indicates that the
operation is on the second mode according to the present
invention, the digital mode control signals are input into
second multiplexer 204 via selection terminal sel, then
connected to the first multiplexer 202 via the second mode
terminal inl. On the other hand, after the scanning line 203
initiates the write enable function of TFT 201 and SRAM
211, the data line 205 writes the digital voltage signals into
the capacitor 207 via the TFT 201. the digital voltage values
stored in the SRAM 211 are used for determining whether
the operation should switch to general voltage terminal
Veom or reference voltage terminal Vref in the first multi-
plexer 202. Also, stored digital voltage value in the SRAM
211 is updated until the scanning line 203 initiates the data
write enable function of the SRAM 211 again. As a result,
the data line 205 is not required to charge/discharge capaci-
tor 207. The first multiplexer 202 can directly retrieve the
digital voltage signals stored in the SRAM 211, then the first
multiplexer determines to operate via the general voltage
terminal Veom or the reference voltage terminal Vref, and
applies a bias to the liquid crystal unit 209 via second
multiplexer 204 to accomplish a bright/dim display. The
worries about current leakage of TFT 201 or capacitor 207
and the resulting digital voltage level loss are therefore
waived. Such application does not only reduce the power
consumption, also it is made possible to change the bias
status of the liquid crystal unit 209 via the general voltage
terminal Vcom and the reference voltage terminal Vref.

[0019] FIG. 2B is a schematic diagram showing a static
random access memory pixel circuit according to the Pixel
Circuit For Liquid Crystal Display Using Static Memory in
the third embodiment of the present invention. According to
the diagram, the second multiplexer 204 is used for switch-
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ing between the first mode (analogue mode) and the second
mode (digital mode) via using a plurality of transistors as
switches. The first multiplexer 202 composed of a plurality
of transistors is used for switching between the general
voltage terminal Vcom and the reference voltage terminal
Vref. Then digital control signals for voltage switching are
stored in the SRAM 211. The SRAM 211 is a circuit loop
composed of one or a plurality of switch transistors and
inverters, for initiating data write enable function and stor-
ing the voltage signals.

[0020] FIG. 2C describes the implementation of SRAM
211. When the scanning line 203 is required to write data
into SRAM 211, the data write enable (w.c.) function has to
be initiated first, such that the stored digital voltage value is
updated. The SRAM 211 allows signals input from scanning
line 203 at a write enable control terminal 401. The voltage
values are memorized by delay circuit latch composed of a
plurality of inverters.

[0021] FIG. 3A is a block diagram showing a static
random access memory pixel circuit according to the Pixel
Circuit For Liquid Crystal Display Using Static Memory in
the fourth embodiment of the present invention. As shown in
the diagram, such Pixel Circuit For Liquid Crystal Display
Using Static Memory comprises a demultiplexer 300 com-
posed of a plurality of transistors, a SRAM 211, a first
multiplexer 202 and a second switch device 303. The first
multiplexer 202 and the demultiplexer 300 are switch ele-
ments used for switching signal input source. When the
signals from the scanning line 203 switches on the liquid
crystal circuit, on signals are input to the TFT 201, through
the TFT 201, analogue voltage signals from data line 205 are
input into the demultiplexer 300 at the input terminal of the
demultiplexer 300. The demultiplexer 300 composed of a
plurality of transistors is a device having a plurality of
switch functions. If the mode control terminal 206 receives
analogue control signals for a dynamic or static image, the
operation is on the first mode. The control signals are input
into the demultiplexer 300 at the selection terminal of the
demultiplexer 300 via a first signal line 301. The signals for
the first mode are input to second switch device 303 via
second signal line 302. The second switch device 303
isolates the digital circuit from the analogue circuit. The
control signal of the first mode is an analogue control signal.
The analogue control signal is input into demultiplexer 300
at the input terminal via the TFT 201. The analogue voltage
signal from the data line 205 connected is output at the first
mode output terminal outl. Since the control signal for the
first mode via the second signal line 302 is an off signal to
the second switch device 303, the analogue voltage value is
output at the first mode output terminal out0 and then
directly input to the capacitor 207 for applying a bias on
liquid crystal unit 209 so as to display a gray level image.
The circuit under the analogue mode uses the second switch
device for isolating the SRAM 211 and the first multiplexer
202, so as to prevent the function of digital circuit and the
switching of multiplexers from affected by the analogue
voltage when the operation is on the analogue circuit mode
for dynamic image display.

[0022] In addition, when the signals from the scanning
line 203 switches on the liquid crystal circuit, the on signal
is input to the TFT 201 and write enable control terminal 401
of the SRAM 211. Through the TFT 201, the digital voltage
siglnal from data line 205 is input into the demultiplexer
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300 at the input terminal in of the demultiplexer 300. If the
mode control terminal 206 receives the digital mode control
signal for a static image, the operation is on the second
mode. The control signal from the first signal line 301 is
input into a demultiplexer 200 at the selection terminal sel.
In addition, the control signal of the second mode is input to
the second switch device 303 via second signal line 302. The
control signal of the second mode is a digital control signal.
The digital control signal is input into demultiplexer 300 at
the input terminal via the TFT 201. The digital voltage signal
from the data line 205 connected is output at the second
mode output terminal outl to the SRAM 211. The digital
value stored in the SRAM 211 is used for determining
whether the output terminal out of the first multiplexer 202
should be the general voltage terminal Vcom or the refer-
ence voltage terminal Vref. When the second switch device
303 receives the control signal for second mode from the
second signal line 302 of the mode control terminal 206 and
is switched on, then the capacitor 207 connects to the output
terminal out of the first multiplexer 202 and the bright/dim
display status of the liquid crystal unit 209 is determined
based on the voltage difference between two terminals of the
capacitor 207. One terminal of the liquid crystal unit 209 is
the general voltage terminal Veom’, and the voltage of the
other terminal is the voltage of the general voltage terminal
Veom or the reference voltage terminal Vref. Due to the
application of SRAM 211, the data line 205 is not required
to charge/discharge capacitor 207. The stored digital voltage
value in the SRAM 211 is updated until the scanning line
203 initiates the data write enable function of the SRAM 211
again.

[0023] The schematic diagram in the FIG. 3B illustrates
an implementation of an embodiment according to the block
diagram shown in the FIG. 3A. The first multiplexer 202 is
composed of plurality of transistors acting as switches for
switching between the general voltage terminal Veom and
the reference voltage terminal Vref so as to determining the
bright/dim display status of liquid crystal unit 209. The
demultiplexer 300 composed of a plurality of transistors is
a device having a plurality of switch functions. The SRAM
211 allows signals input from scanning line 203 at a write
enable control terminal 401. The delay circuit latch com-
posed of a plurality of inverters memorizes the voltage
value, as a reference data to mode switching of the first
multiplexer 202 and the demultiplexer 300.

[0024] The above provides a detailed description of the
embodiments according to the Pixel Circuit For Liquid
Crystal Display Using Static Memory in the present inven-
tion. The present invention lowers the refresh rate of the
display and the power consumption by implementing a
plurality of multiplexers and analogue and digital pixel
circuits for liquid crystal display composed of DRAM or
SRAM.

[0025] The foregoing description of preferred embodi-
ments of the invention has been presented for purposes of
illustration and description. It is not intended to be exhaus-
tive or to limit the invention to the precise form disclosed,
and modifications and variations are possible in light of the
above teachings or may be acquired from practice of the
invention. The embodiments were chosen and described in
order to explain the principles of the invention and its
practical application to enable one skilled in the art to utilize
the invention in various embodiments and with various
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modifications as are suited to the particular use contem-
plated. It is intended that the scope of the invention be
defined by the claims appended hereto, and their equiva-
lents.

What is claimed is:

1. A Pixel Circuit For Liquid Crystal Display Using Static
Memory for lowering power consumption via combining an
analogue and a digital circuit, the circuit comprises:

a plurality of multiplexers, acting as switching elements
for performing a plurality of output voltage transform-
ing functions;

a static memory, connecting to a scanning line, a thin film
transistor and a capacitor, for storing the digital voltage
signals stored in the capacitor;

a thin film transistor, for connecting a scanning line and
a data line, acting as a control switch of the circuit; and

a capacitor, connecting to the thin film transistor, where

analogue or digital signals from the data line are stored.

2. The Pixel Circuit For Liquid Crystal Display Using
Static Memory of claim 1, wherein said plurality of multi-
plexers comprises a first multiplexer and a second multi-
plexer.

3. The Pixel Circuit For Liquid Crystal Display Using
Static Memory of claim 1, wherein said first multiplexer
further comprises a general voltage terminal and a reference
voltage terminal.

4. The Pixel Circuit For Liquid Crystal Display Using
Static Memory of claim 1, wherein one terminal of the static
memory further connects to the first multiplexer, the other
terminal of static memory connects to the thin film transistor
and the capacitor.

5. The Pixel Circuit For Liquid Crystal Display Using
Static Memory of claim 1, wherein the second multiplexer
further comprises:

a selection terminal;
an output terminal;
a first mode terminal; and

a second mode terminal.

6. The Pixel Circuit For Liquid Crystal Display Using
Static Memory of claim 5, wherein said second multiplexer
further connects to a mode terminal.

7. The Pixel Circuit For Liquid Crystal Display Using
Static Memory of claim 5, wherein said output terminal
further connects to a liquid crystal unit.

8. The Pixel Circuit For Liquid Crystal Display Using
Static Memory of claim 5, wherein said first mode terminal
further connects to the capacitor and the thin film transistor.

9. The Pixel Circuit For Liquid Crystal Display Using
Static Memory of claim 5, wherein the second mode termi-
nal further connects to the first multiplexer.

10. A Pixel Circuit For Liquid Crystal Display Using
Static Memory for lowering power consumption via com-
bining an analogue and a digital circuit, the circuit com-
prises:

a first multiplexer, having a plurality of current switching
elements;

a demultiplexer, having a plurality of current switching
clements;
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a static memory, connecting to a scanning line connected
to the first multiplexer and the demultiplexer, for stor-
ing the digital voltage signals stored in the demulti-
plexer;

a thin film transistor, for connecting a scanning line and
a data line, acting as a control switch of the circuit;

a capacitor, connecting to the thin film transistor, where
analogue or digital signals from the data line are stored;
and

a second switch device, connecting to the first multi-

plexer, the demultiplexer and a liquid crystal unit.

11. The Pixel Circuit For Liquid Crystal Display Using
Static Memory of claim 10, wherein said first multiplexer
further comprises a general voltage terminal and a reference
voltage terminal.

12. The Pixel Circuit For Liquid Crystal Display Using
Static Memory of claim 10, wherein the second switch
device connects to a mode terminal via a second signal line
for controlling switch signals.

13. The Pixel Circuit For Liquid Crystal Display Using
Static Memory of claim 10, wherein the demultiplexer
further comprises:
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a selection terminal;
a demultiplexer input terminal,
a first mode terminal; and

a second mode terminal.

14. The Pixel Circuit For Liquid Crystal Display Using
Static Memory of claim 13, wherein said demultiplexer
further connects to a mode terminal.

15. The Pixel Circuit For Liquid Crystal Display Using
Static Memory of claim 13, wherein the input terminal of the
demultiplexer further connects to the thin film transistor.

16. The Pixel Circuit For Liquid Crystal Display Using
Static Memory of claim 13, wherein the output terminal of
the first mode terminal further connects to the second switch
device.

17. The Pixel Circuit For Liquid Crystal Display Using
Static Memory of claim 13, wherein the output terminal of
the second mode terminal further connects to the static
memory.
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