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(57) ABSTRACT

A shift register is for generating scan signals. Each stage of
the shift register comprises a first level lifting unit and at least
a second level lifting unit, a first level lowering unit and at
least a second level lowering unit, first and second driving
units. The first level lowering and lifting units are for control-
ling the levels of signals at the first output terminal to output
a first scan signal. The second level lowering unit and second
level lifting unit are for controlling the levels of signals at the
second output terminal to output at least a second scan signal.
The first and second driving units are for turning on and off
the first and the second level lifting units and the first and the
second level lowering unit to control the first and second scan
signals.

35 Claims, 12 Drawing Sheets
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SHIFT REGISTER AND LIQUID CRYSTAL
DISPLAY

This application claims the benefit of Taiwan application
Serial No. 96114697, filed Apr. 25, 2007, the subject matter of
which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the [nvention

The invention relates in general to a shift register, and more
particularly to a shift register whose shift register unit can
output two output signals.

2. Description of the Related Art

Along with technology development, nowadays, a liquid
crystal display (LCD) has been widely applied in electronic
products, such as TV, computer monitors, notebook comput-
ers, mobile phones or personal digital assistants. The LCD
includes a data driver, a scan driver and a liquid crystal display
panel. The display panel has a pixel matrix, and the scan
driver is for sequentially enabling the pixel rows of the pixel
matrix to transmit the pixel data outputted by the data driver
to the corresponding pixels so as to display the required
images.

The present technique implements the scan driver sequen-
tially enabling the corresponding pixel rows of the pixel
matrix mainly by using a shift register. Therefore, how to
design a shift register with a simplified circuit structure and
lower power consumption and reduce power consumption of
the LCD module is constantly an essential target of the rel-
evant industrials’ efforts.

SUMMARY OF THE INVENTION

The invention is directed to a shift register and liquid crys-
tal display (LCD) using the same. The shift register can effec-
tively improve the drawback of the conventional shift register
with complicated circuits and higher power consumption and
substantially have the advantages of having a simply circuit
structure and lower power consumption. Besides, the LCD
using the same has the advantage of lower power consump-
tion.

According to a first aspect of the present invention, a shift
register is provided. The shift register is applied to a scan
driver ofa LCD for generating a number of scan signals. The
shift register comprises a number of stages of shift register
units. Each of the shift register units comprises a first level
lifting unit and at least a second level lifting unit, a first level
lowering unit and at least a second level lowering unit, a first
driving unit and a second driving unit. The first level lifting
unit and at least a second level lifting unit are for respectively
providing a first timing signal to a first output terminal and at
least a second timing signal to at least a second output termi-
nal. The first level lowering unit and at least a second level
lowering unit are for respectively providing a first voltage to
the first output terminal and at least a second output terminal.
The first driving unit is coupled to input terminals of the first
level lifting unit and the second level lifting unit at a first node.
The voltage of the first node is a first control signal. The first
driving unit is for turning on the first level lifting unit and the
second level lifting unit in response to a front edge of an input
signal and turning off'the first level lifting unit and the second
level lifting unit as a level of a second control signal is higher
than a level of a third control signal. The second driving unit
is coupled to input terminals of the first level lowering unit
and the second level lowering unit at a second node. The
second driving unit is for turning off the first level lowering
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unit and the second level lowering unit in response to a front
edge of the first control signal and turning on the first level
lowering unit and the second level lowering unit in response
to a rear edge of the first control signal. The first output
terminal and the second output terminal are for respectively
outputting a first scan signal and at least a second scan signal.
The input signal is the second scan signal of the previous-
stage shift register unit.

According to a second aspect of the present invention, a
LCD is provided. The LCD comprises a display panel, a data
driver, and a scan driver. The display panel has a pixel matrix.
The data driver is for providing a plurality of pieces of pixel
data. The scan driver comprises a first shift register for pro-
viding a plurality of scan signals for enabling pixels of the
pixel matrix to display a data frame according to the pixel
data. The first shift register comprises a plurality of stages of
shift register units and each of the shift register units com-
prises a first level lifting unit and at least a second level lifting
unit, a first level lowering unit and at least a second level
lowering unit, a first driving unit and a second driving unit.
The first level lifting unit and at least a second level lifting unit
are for respectively providing a first timing signal to a first
output terminal and at least a second timing signal to at least
a second output terminal. The first level lowering unit and at
least a second level lowering unit are for respectively provid-
ing a first voltage to the first output terminal and at least a
second output terminal. The first driving unit is coupled to
input terminals of the first level lifting unit and the second
level lifting unit at a first node. The voltage of the first node is
a first control signal. The first driving unit is for turning on the
first level lifting unit and the second level lifting unit in
response to a front edge of an input signal and turning off the
first level lifting unit and the second level lifting unit as a level
of a second control signal is higher than a level of a third
control signal. The second driving unit is coupled to input
terminals of the first level lowering unit and the second level
lowering unit at a second node. The second driving unit is for
turning off the first level lowering unit and the second level
lowering unit in response to a front edge of the first control
signal and turning on the first level lowering unit and the
second level lowering unit in response to a rear edge of the
first control signal. The first output terminal and the second
output terminal are for respectively outputting a first scan
signal and at least a second scan signal. The input signal is the
second scan signal of the previous-stage shift register unit.

The invention will become apparent from the following
detailed description of the preferred but non-limiting embodi-
ments. The following description is made with reference to
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a LCD according to a first
embodiment of the invention.

FIG. 2 is a detailed block diagram of the shift register in
FIG. 1.

FIG. 3 is a detailed circuit diagram of the shift register unit
S(1) in FIG. 2.

FIG. 4 is a relevant timing diagram of the shift register unit
S(1) in FIG. 3.

FIG. 5 is another detailed block diagram of the shift regis-
ter in FIG. 1.

FIG. 6 is a detailed circuit diagram of the shift register unit
S'(1) in FIG. 5.

FIG. 7 is a block diagram of the shift register according to
a second embodiment of the invention.
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FIG. 8 is a relevant timing diagram of the shift register unit
W(1) in FIG. 7 according to the second embodiment of the
invention.

FIG. 9 is a block diagram of a LCD according to a third
embodiment of the invention.

FIG. 10is a detailed block diagram of the shift registers and
in FIG. 9.

FIG. 11 is a detailed circuit diagram of the shift register unit
U(1) in FIG. 10.

FIG. 12 is a block diagram of the first shift register and the
second shift register.

DETAILED DESCRIPTION OF THE INVENTION

Each stage of shift register unit in the shift register of the
embodiment of the invention has at least two sets of output-
signal control units for providing at least two output signals at
a time.

Embodiment One

Referring to FIG. 1, ablock diagram of'a LCD according to
a first embodiment of the invention is shown. A LCD 10
includes a data drive 12, a scan driver 14 and a display panel
16. The data driver 12 is for providing data signals SD(1)~SD
(m) to the display panel 16 via m data lines 11, and the scan
driver 14 is for providing scan signal SC(1)~SC(n) to the
display panel 16 via n scan lines 13. The display panel 16
includes an nxm pixel matrix 15, wherein the n pixel rows
al~an are respectively enabled by the scan signals SC(1)~SC
(n) to display a display frame according to the corresponding
data signals SD(1)~SD(m), and n, m are natural numbers.

In the embodiment, the scan driver 14 has a shift register
144 witha number of stages of shift register units forinstance.
The shift register units are for respectively providing the n
scan signals SC(1)~SC(n). The shift register 14a will be
illustrated in details in the following description.

Referring to FIG. 2, a detailed block diagram of the shift
register 14 in FIG. 1 is shown. The shift register 14a includes
k shift register units S(1)~S(k) coupled to each otherin series.
The shift register units S(1)~S(k) have the same structure for
instance. In the embodiment, each of the shift register units
S(1)~S(k) includes an input terminal IN, at least two output
terminals QUT1, OUT2, a control terminal RT, and timing
terminals C1 and C2 for generating at least two scan signals at
the at least two output terminals OUT1 and OUT?2, wherein k
is a natural number larger than 1, and is an even number in the
embodiment.

The input terminal IN of the shift register S(1) receives a
start signal STV and the input terminals IN of the shift reg-
isters S(2)~S(k) respectively receive the scan signals SC(2),
SC(4),. .., SC(n-2) outputted by the output terminals OUT2
of their previous-stage shift register units. The shift register
units S(j) and S(j+2) in the shift register units S(1)~S(k)
substantially receive the same timing signal. That is, the tim-
ing signals received by the shift register units S(1)~S(k) are
repeated every three stages, wherein j is a natural number. For
example, the shift register units S(1), S(2) and S(3) respec-
tively receive timing signals CLK1 and CLK2, timing signals
CLK3 and CLK1, and timing signals CLK2 and CLK3. The
shift register units S(4)~S(6) respectively receive the same
timing signals as the shift register units S(1)~S(3). The
enabling time of the timing signals CLK1, CLK2 and CLK3
is not overlapped.

The control terminals RT of the shift register units S(1)~S
(k-1) respectively receive the scan signals SC(3)~SC(n-1)
outputted by the next-stage shift register units S(2)~S(k). In
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the following description, the shift register S(1) is exempli-
fied to illustrate each stage of shift register unit S(1)~S(k) in
the shift register 14a.

Referring to FIG. 3, a detailed circuit diagram of the shift
register unit S(1) in FIG. 2 is shown. The shift register unit
S(1) of the embodiment includes driving units 302 and 304,
first level lifting unit 3064 and at least a second level lifting
unit 3065, first level lowering unit 3084 and at least a second
level lowering unit 3085.

For example, the driving unit 302 includes transistors T1,
T2 and T11, and the driving unit 304 includes transistors T3
and T4. The first level lifting unit 306a includes a transistor
T5 and the second level lifting unit 3065 includes a transistor
T6. The first level lowering unit 308« includes transistors T7
and T8, and the second level lowering unit 3085 includes
transistors T9 and T10. In the embodiment, the transistors
T1~T11 are all exemplified to be N-type thin film transistors
(TFTs) for illustration.

The transistors T5 and T6 have gates coupled to a node
NT1 (NT2) (the nodes NT1 and NT2 can be considered to be
the same node), drains for respectively receiving the timing
signals CLK1 and CLK?2, and sources respectively coupled to
the output terminals OUT1 and OUT2. The transistors T5 and
T6 are respectively for providing the timing signals CLK1
and CLK2 to the output terminals OUT1 and OUT2. The
voltage at the node NT1 (NT2) is equal to a control signal
vel(l).

The transistors T7 and T8 have gates respectively coupled
to a node NT3 and receiving the scan signal SC(2) outputted
by the output terminal OUT2, drains commonly coupled to
the output terminal OUT1 and drains for receiving a voltage
VSS. The transistors T9 and T10 have gates respectively
coupled to the node NT3 and receiving the scan signal SC(3)
of the shift register unit S(2), drains commonly coupled to the
output terminal OUT?2 and sources for receiving the voltage
VSS. The output terminals OUT1 and QUT?2 are respectively
for outputting the scan signals SC(1) and SC(2) and the volt-
age VSS is a lowest voltage level of the shift register 14a for
instance. The voltage at the node NT3 is equal to a control
signal Vc2(r). The transistors T7 and T9 are for providing the
voltage VSS to the output terminals OUT1 and OUT2 in
response to a rising edge of the control signal Vc2(n).

The source of the transistor T1 and the drain of the transis-
tor T2 are both coupled to the node NT1 (NT?2), while the
drain of the transistor T1 and the source of the transistor T2
are respectively for receiving the voltages VDD and VSS. The
gates of the transistors T1 and T2 respectively receive the start
signal STV and the scan signal SC(2). The transistor T1 is for
turning on the transistors T5 and T6 inresponse to a front edge
of the start signal STV, and the transistor T2 is for turning off
the transistors T5 and T6 as the level of the scan signal SC(3)
is higher than the voltage VSS. For example, the voltage VDD
is a highest voltage level of the shift register 14a, and the front
edge of the start signal STV is a rising edge. The transistor
T11 has a drain coupled to the node NT1 (NT2) for receiving
the control signal Vel (1), a gate coupled to the node NT3 for
receiving the control signal Ve2(1) and a source for receiving
the voltage VSS. The transistor T11 is for providing the
voltage VSS to the node NT1 (NT2) to control the control
signal V¢l () to be equal to the voltage VSS in response to the
rising edge of the control signal Ve2(n).

The source of the transistor T3 and the drain of the transis-
tor T4 are both coupled to the node NT3, and the source of the
transistor T3 and the drain of the transistor T4 respectively
receive the voltages VDD and VSS. The gates of the transis-
tors T3 and T4 respectively receive the voltage VDD and
control signal Vc1(1), which is the voltage at the node NT1
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(NT2). The width/length (W/L) ratio of the transistor T4 is
larger than that of the transistor T3. For example, the driving
unit 304 is a bias unit for lowering down a level of the control
signal Ve2(1), which is the voltage at the node NT3, in
response to the front edge of the control signal Ve1(1) so as to
turn off the transistors T7 and T9, and lifting up the level of the
control signal Vc2(1) at the node N'T3 in response to the rear
edge of the control signal Ve1(1) so as to turn on the transis-
tors T'7 and T9. The front edge and the rear edge ofthe control
signal Vel (1) are respectively a rising edge and a falling edge
for instance.

Referring to FIG. 4, a relevant timing diagram of the shift
register unit S(1) in FIG. 3 is shown. In the time period TP1,
the start signal STV is equal to the voltage VDD, and the
timing signal CLK1, CLK2 and scan signal SC(3) are all
equal to the voltage VSS. At the time, the transistor T2 is
turned off, and the transistor T1 is turned on to further turn on
the transistors T5 and T6 such that the scan signals SC(1) and
SC(2) are respectively equal to the timing signals CLK1 and
CLK2, that is the voltage VSS. As a result, the transistors T8
and T10 are turned off. The transistor T1 controls the control
signal Vel(1) to be equal to Vcl(n)=VDD-Vthl, wherein
Vthl is the threshold voltage of the transistor T1. The tran-
sistor T4 is also turned on such that the control signal Ve2(1)
is close to the voltage VSS and the transistors T7 and T9 are
turned off.

In the time period TP2, the start signal STV and the scan
signal SC(3) are equal to the voltage VSS, and the timing
signal CLK1 is equal to the voltage VDD. At the time, the
transistors T1 and T2 are both turned off such that the node
NT1 (NT2) is floating. The timing signal CLK1 is increased
from the voltage VSS to VDD in the time period TP2. This
large voltage variation will increase the voltage signal Ve1(1)
by a difference voltage AV due to a boot-strapping effect. As
a result, the voltage signal Vcl(1) is equal to (VDD-Vthl+
AV). In theembodiment, the difference voltage AV is equal to

AV = Cos

¥ __(VE—VDE),
Cpl + ng

wherein Cgs is an inner parasitic capacitor (not shown in the
figure), Cp1 is an equivalent capacitor as seen from the node
NT1 (NT2). At the time, the transistor T5 is turned on to
provide the timing signal CLK1, that is, the voltage VDD, to
the output terminal OUT1 such that the scan signal SC(1) is
equal to the voltage VDD. The transistor T6 is also turned on
to continuously provide the timing signal CLK2, that is, the
voltage VSS, to the output terminal OUT2 such that the scan
signal SC(2) is equal to the voltage VSS. The transistor T4 is
also turned on such that the control signal V¢2(r) is close to
the low voltage VSS. As a result, the transistors T7 and T9 are
turned off and the transistors T8 and T10 are also turned off.

Inthetime period TP3, the timing signal CLK2 is increased
from the voltage VSS to VDD. At the time, the transistor T6
provides the timing signal CLK?2, that s, the voltage VDD to
the output terminal OUT?2 such that the scan signal SC(2) is
equal to the voltage VDD. The control signal Vc1(1) main-
tains to be (VDD-Vth1+AV) such that the control signal
Ve2(n) is continuously equal to the voltage VSS. The transis-
tors T7, T9 and T10 are all turned off. The transistor T8 is
turned on to lower down the level of the scan signal SC(1) to
the voltage VSS.

Inthe time period TP4, the scan signal SC(3) is equal to the
voltage VDD. At the time, the transistor T2 is turned on to
lower down the voltage Vc1(1) to the voltage VSS. The tran-
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6
sistor T10 1s also turned on to lower down the scan signal
SC(2) to the voltage VSS. The transistor T4 is turned off such
that the bias unit biases the control signal Ve2(1) to be the
voltage VDD. As a result, the transistors T7 and T9 are turned
on to lower down the scan signal SC(1) and SC(2).

From the above description, the shift register unit S(1) of
the embodiment generates a high-level control signal Vcl(1)
to turn on the transistors T5 and T6 in the time periods
TP1~TP3 so as to respectively provide the timing signals
CLK1 and CLK2 as the scan signals SC(1) and SC(2). In the
time periods TP3 and TP4, the scan signals SC(2) and SC(3)
are respectively used to turn on the transistors T8 and T10 to
provide the voltage VSS to be the scan signals SC(1) and
SC(2). Therefore, the shift register unit S(1) of the embodi-
ment can effectively generate scan signals SC(1) and SC(2)
according to the timing signals CLK1~CLK3 by using the
corresponding circuit structure.

The control signal Ve2(1) of the embodiment is maintained
equal to the voltage VDD in the time periods except for
TP1~TP3 to turn on the transistors T7 and T9 so as to control
the scan signals SC(1) and SC(2) to be equal to the voltage
VSS and prevent that the scan signals SC(1) and SC(2) are
interfered by noise to result in an error scan operation of the
LCD 10. However, the transistors T7 and T9, as turned on for
along time, will have higher threshold voltages due to a stress
effect, which leads to a malfunction. The transistors T8 and
T10 of the embodiment can lower down the scan signals
SC(1) and SC(2) to the voltage VSS as the transistors T7 and
T9 have malfunction to prevent the scan signals SC(1) and
SC(2) from getting wrong levels.

In the embodiment, although only the shift register unit
S(1) of the shift register 14a is exemplified for illustration,
operations of the other shift register units S(2)~S(k) can also
be performed analogically according to the operational prin-
ciple of the shift register unit S(1). In the embodiment,
although the shift register unit S(1) is exemplified to include
a second level lifting unit 3065 and a second level lowering
unit 30854 for illustration, the shift register S(1) of the embodi-
ment can further include two or more than two second level
lifting units 3065 and second level lowering unit 3085 so as to
output three or more than three scan signals.

Although the shift register unit S(1) is exemplified to have
a circuit structure including 11 transistors T1~T11 in the
embodiment, the circuit structures of the driving units 302
and 304, the first and the second level lifting units 3064 and
306, and the first and the second level lowering units 308a
and 3085 of the shift register S(1) are not limited to the
structure ofthe shift register unit S(1) of the embodiment, and
any alternative is not apart from the scope of the invention.

For example, the circuit structures of the shift register 14a
and the shift register unit S(1) can be respectively designed as
shown in FIGS. 5 and 6, which are respectively another block
diagram of the shift register 14a of FIG. 1 and another
detailed circuit diagram of the shift register S(1). The differ-
ence between the shift register 144’ in FIG. 5 and the shift
register 14a in FIG. 2 lies on that the control terminals RT of
the shift register units of the shift register 14a' respectively
receive control signals Vc1(2)~Ve2(k) of the next-stage shift
registers units S'(2)~S'(k). The difference between the shifter
register unit S'(1) in FIG. 6 and the shift register unit S(1) of
FIG. 3 lies on that the transistors T2' and T10' of the shift
register unit S' (1) have gates for receiving the control signal
Vc1(2) that is outputted from the next-stage shift register unit
S'(2) and sources for receiving the timing signal CLK2. In
other words, the shift register unit S'(1) receives the control
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signal Vc1(2) that is outputted from the node NT1 (NT2),
which is denoted as terminal P1 in FIG. 5, of the next-stage
shift register unit S'(2).

The control signal Vcl(2) has a level increased from Vcl
(2=VDD-Vthl to Vc1(2)=VDD-Vth1+AV in the time
period TP4, while the timing signal CLK2 is respectively
equal to the voltages VDD and VSS in the time periods TP3
and TP4. Therefore, the transistors T2' and T10' can also be
turned on in the time period TP4 to lower down the control
signal Vc1(1) and the scan signal SC(2) to the voltage VSS.
As aresult, the shift register units S'(1) and S(1) can substan-
tially have the same operation. The other stages of shift reg-
ister units S'(2)~S'(k) have substantially the same operations
as the corresponding shift register units S(2)~S(k).

The shift register unit of the embodiment can generate two
or more than two scan signals in response to two of three
timing signals through a suitable circuit design. Therefore,
the shift register of the embodiment can effectively generate
the same number of scan signals by using substantially a half
of shift register units. Consequently, the shift register of the
embodiment can have fewer shift register units, more simpli-
fied circuit structure and lower power consumption.

Besides, in the embodiment, in some situations, the output
signals of the shift register unit are not used to control the
circuit operations of the present stage of shift register unit or
other stages of shift register units. Therefore, the shift register
unit in the situations further has slighter distortion of output
signals and the LCD using the same can have display frames
of better quality.

Furthermore, more than two transistors are disposed in the
level lowering unit of the shift register unit of the embodi-
ment. Therefore, when one of the transistors has malfunction
due to the stress effect, the shift register unit of the embodi-
ment can still lower down the scan signal to have the lowest
voltage level by another transistor. As a result, the n-th stage
of shift register unit of the embodiment can have longer
lifetime.

Embodiment Two

Referring to FIG. 7, a block diagram of the shift register
according to a second embodiment of the invention is shown.
The shift register 40 of the embodiment differs from the shift
register 14a of the first embodiment by using four timing
signals CLK1', CLK2', CLK3' and CLK4'. The odd-stage
shift register units W(1), W(3), . . ., W(k-1) of the shift
registers W(1)~W(k) in the shift register 40 receive the timing
signals CLK1' and CLK?2' while the even-stage shift register
units W(2), W(4), . .., W(k) receive the timing signhals CLK3'
and CLK4'.

A timing diagram about the signal waveforms of the timing
signals CLK1', CLK2', CLK3' and CLK4' and the relevant
signals of the first-stage shift register unit W(1) are shown in
FIG. 8. The control signals Vc1(1) and Ve2(1) of the embodi-
ment have substantially the same waveforms as the corre-
sponding signals in the first embodiment for generating the
scan signals SC(1) and SC(2) in response to the timing signals
CLK1'and CLK2'. Therefore, the first-stage shift register unit
W(1) of the shift register 40 of the embodiment can respec-
tively generate high-level scan signals SC(1) and SC(2) in
response to the first rising edges of the timing signals CLK1'
and CLK2' after the rising edge of the start signal STV. The
even-stage shift register units W(2), W4), . . ., W(k) can
respectively generate high-level scan signals SC(3) and
SC(4), SC(7) and SC(8), . . ., SC(n-1) and SC(n) in response
1o the first rising edges of the timing signals CLK3' and
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CLK4' after the rising edges of the scan signals SC(2),
SC4), ..., SC(n-2) outputted by the output terminals OUT2
of the previous-stage shift register units W(1), W(3). . . .,

W(k-1).
According to the similar principle, the odd-stage shift reg-
ister units W(3), W(5), . . ., W(k-1) can also respectively

generate high-level scan signals SC(5) and SC(6), SC(9) and
SC0), . .., SC(n-3) and SC(n-2) in response to the first
rising edges of the timing signals CLK1' and CLK2' after the
rising edges of the scan signals SC(4), SC(8), . . ., SC(n-4)
outputted by the output terminals OUT?2 of the previous-stage
shift register units W(1), W(3), . . ., W(k-1). As aresult, the
shift register 40 of the embodiment can also effectively gen-
erate two scan signals SC(1) and SC(2), . . ., SC(n-1) and
SC(n) respectively through the shift register units W(1)~W
k).
The shift register units W(1)~W(k) of the shift register 40
of the embodiment can also have alternative circuit structures
shown in FIGS. 3 and 6, which result in the operations similar
to the above. From the above, the shift register of the embodi-
ment also have the advantages of using fewer shift register
units, and having more simplified circuit structure, lower
power consumption, slighter signal distortion and longer life-
time.

Embodiment Three

Referring to FIG. 9, a block diagram ofa LCD according to
a third embodiment of the invention is shown. The difference
between the LCD 20 of the embodiment and the LCD 10 of
FIG.1 lies on that the LCD 20 uses a double-sided scan driver
24 for providing scan signals SC(1)~SC(n)' to scan pixel
rows al'~an' of a liquid crystal display panel 16. The scan
driver 24 includes a first scan driver 242 and a second scan
driver 244, respectively disposed at two sides of the liquid
crystal display panel 16. In the embodiment, the first scan
driver 242 is exemplified to further include a shift register
242a for providing scan signals SC(1)', SC(2), SC(5),
SC(6), ..., SC(n-1) and SC(n)" to the liquid crystal display
panel 16 via scan lines 241. The second scan driver 244 is
exemplified to further include a shift register 244a for pro-
viding scan signals SC(3)", SC(4), SC(7)",SC(8), ..., SC(n-
3) and SC(n-2) to the liquid crystal display panel 16 via scan
lines 243.

Referring to FIG. 10, a detailed block diagram of the shift
registers 242a and 244q in FIG. 9 is shown. The difference
between the shift register 242a and the shift register 40 in
FIG. 7 lies on that shift register units U(1)~U(x) of the shift
register 242a have the timing terminals C1 and C2 and the
control terminals RT for respectively receiving the timing
signals CLK1', CLK2' and CLK3', and the output terminals
OUT1 and OUT?2 for respectively outputting the scan signals
SC()" and SC(2), SC(5)' and SC(6)', . . ., SC(n-3)' and
SC(n-2)', wherein x is a natural number.

The shift register units U(1)~U(x) of FIG. 10 differ from
the corresponding odd-stage shift register units W(1), W(3),
W(5), ..., W(k-1) of FIG. 7 by receiving the timing signal
CLK3' at the control terminals RT. From FIG. 8, it can be seen
that in the time periods TP1'~TP4', the timing signal CLK3'
has substantially the same waveform as the scan signal SC(3).
Therefore, the shift register unit U(1) has substantially the
same operation for providing the scan signals SC(1)' and
SC(2)' as the corresponding shift register unit W(1) in FIG. 7.
The detailed circuit of the shift register unit U(1) is shown in
FIG. 11, wherein the gates of the transistors T2" and T10"
receive the timing signal CLK3'.

The other shift register units U(2)~U(x) of the embodiment
also have substantially the same operations as the correspond-
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ing shift register units W(3), W(5), W(7), ..., W(k-1) in F1G.
7, for respectively generating the corresponding scan signals
SC(5)" and SC(6)', SC(7)' and SC(8), . . ., SC(n-3)" and
SC(n-2)".

The shift register 244a also has the similar operation to the
shift register 242a. The difference between the shift registers
244¢ and 242a lies on that in the timing terminals C1 and C2
and the control terminals of the shift register units of the shift
register 244a respectively receive the timing signals CLK3',
CLK4 and CLK1' for generating the scan signals SC(3)' and
SC(4), SC(7) and SC(8), .. ., SC(n-1)" and SC(n)".

Although the first scan driver 242 is exemplified to provide
the scan signals SC(4x+1)" and SC(4x+2)' in response to the
timing signals CLK1', CLK2' and CLK3', and the second scan
driver 244 is exemplified to provide the scan signals SC(4x+
3) and SC(4x+4)' in response to the timing signals CLK3',
CLK4 and CLK1' for illustration in the embodiment, the scan
driver 24 of the embodiment is not limited to having the above
first and second scan drivers 242 and 244, but can further
include any other type of scan driver for providing substan-
tially the same scan signals SC(1)~SC(n)', x=0, 1, 2, ...,Y,
Y is a natural number and 4Y+4=n.

For example, the scan driver 24 includes a first scan driver
342 and a second scan driver 344. The shift register units of
the first scan driver 342 provide scan signals SC(1)', SC(3),,
SC(8), ..., SC(n-1) inresponse to the timing signals CLK1'
and CLK3". The shift register units of the second scan driver
344 provide scan signals SC(2)', SC(4)', SC(6)', ..., SC(n)'in
response to the timing signals CLK2' and CLK4 as shown in
F1G. 12.

From the above description, the shift register of the
embodiment also has the advantages of using fewer shift
register units and having more simplified circuit structure,
lower power consumption, slighter signal distortion and
longer lifetime.

While the invention has been described by way of example
and in terms of a preferred embodiment, it is to be understood
that the invention is not limited thereto. On the contrary, it is
intended to cover various modifications and similar arrange-
ments and procedures, and the scope of the appended claims
therefore should be accorded the broadest interpretation so as
to encompass all such modifications and similar arrange-
ments and procedures.

What is claimed is:

1. A shift register, applied to a scan driver of a liquid crystal
display (LCD) for generating a plurality of scan signals, the
shift register comprising a plurality of stages of shift register
units, each of the shift register units comprising:

a first level lifting unit and at least a second level lifting
unit, for respectively providing a first timing signal to a
first output terminal and at least a second timing signal to
at least a second output terminal;

a first level lowering unit and at least a second level low-
ering unit, for respectively providing a first voltage to the
first output terminal and at least a second output termi-
nal;

a first driving unit, coupled to input terminals of the first
level lifting unit and the second level lifting unit at a first
node, wherein a voltage of the first node is a first control
signal, and the first driving unit is for turning on the first
level lifting unit and the second level lifting unit in
response to a front edge of an input signal and turning off
the first level lifting unit and the second level lifting unit
as a level of a second control signal is higher than a level
of a third control signal; and

a second driving unit, coupled to input terminals of the first
level lowering unit and the second level lowering unit at
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a second node, wherein the second driving unit is for
turning off the first level lowering unit and the second
level lowering unit in response to a front edge of the first
control signal and turning on the first level lowering unit
and the second level lowering unit in response to a rear
edge of the first control signal;

wherein the first output terminal and the second output

terminal are for respectively outputting a first scan signal
and a second scan signal;

wherein the input signal is the second scan signal of the

previous-stage shift register unit.

2. The shift register according to claim 1, wherein the
second level lowering unit comprises a first transistor, and the
first transistor has a gate coupled to the second node, a first
source/drain coupled to the second output terminal and a
second source/drain for receiving the first voltage.

3. The shift register according to claim 2, wherein the
second level lowering unit of the n-th stage of shift register
unit further comprises a second transistor, and the second
transistor has a gate for receiving the first scan signal of the
(n+1)-th stage of shift register unit, a first source/drain
coupled to the second output terminal and a second source/
drain for receiving the first voltage, wherein n is a natural
number.

4. The shift register according to claim 2, wherein the
second level lowering unit of the n-th stage of shift register
unit further comprises a third transistor, and the third transis-
tor has a gate for receiving the first control signal of the
(n+1)-th stage of shift register unit, a first source/drain
coupled to the second output terminal and a second source/
drain for receiving the second timing signal.

5. The shift register according to claim 2, wherein the
second level lowering unit of the n-th stage of shift register
unit further comprises a fourth transistor, and the fourth tran-
sistor has a gate for receiving the first timing control signal of
the (n+1)-th stage of shift register unit, a first source/drain
coupled to the second output terminal and a second source/
drain for receiving the first voltage.

6. The shift register according to claim 1, wherein the first
driving unit comprises a fifth transistor, and the fifth transistor
has a gate for receiving at least a second scan signal of the
previous-stage shift register unit, a first source/drain for
receiving a second voltage and a second source/drain coupled
to the first node.

7. The shift register according to claim 6, wherein the first
driving unit of the n-th stage of shift register unit further
comprises a sixth transistor, and the sixth transistor has a gate
for receiving the second control signal, a first source/drain
coupled to the first node and a second source/drain for receiv-
ing the third control signal, wherein n is a natural number.

8. The shift register according to claim 7, wherein the
second control signal and the third control signal are respec-
tively equal to the first scan signal of the (n+1)th-stage of shift
register unit and the first voltage.

9. The shift register according to claim 7, wherein the
second control signal and the third control signal are respec-
tively equal to the first control signal of the (n+1)-th stage of
shift register unit and the second timing signal.

10. The shift register according to claim 7, wherein the
second control signal and the third control signal are respec-
tively equal to the first timing signal of the (n+1)-th stage of
shift register unit and the first voltage.

11. The shift register according to claim 1, wherein the first
level lifting unit and the second level lifting unit respectively
comprise a seventh transistor and an eighth transistor, and the
seventh transistor and the eighth transistor have gates coupled
to the first node, first sources/drains respectively for receiving
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the first timing signal and the second timing signal, and sec-
ond sources/drains respectively coupled to the first output
terminal and the second output terminal.

12. The shift register according to claim 1, wherein the first
level lowering unit comprises a ninth transistor, and the ninth
transistor has a gate coupled to the second node, a first source/
drain coupled to the first output terminal and a second source/
drain for receiving the first voltage.

13. The shift register according to claim 12, wherein the
first level lowering unit further comprises a tenth transistor,
and the tenth transistor has a gate for receiving the second
scan signal, a first source/drain coupled to the first output
terminal and a second source/drain for receiving the first
voltage.

14. The shift register according to claim 1, wherein the
second driving unit comprises a bias unit, for controlling a
voltage level of the second node in response to the first control
signal;

wherein the bias unit is for turning off the first level low-

ering unit and the second level lowering unit in response
to the front edge of the first control signal and turning on
the first level lowering unit and the second level lowering
unit in response to a rear edge of the first control signal.

15. The shift register according to claim 1, wherein the scan
driver provides three period signals whose enabling times are
not overlapped to be the first timing signal and the second
timing signal of the shift register units, wherein the n-th stage
of shift register unit, the (n+1)-th stage of shift register unit
and the (n+2)-th stage of shift register unit respectively use a
first period signal and a second period signal, a second period
signal and a third period signal, and a third period signal and
a first period signal of the three period signals to be the first
timing signal and the second timing signal.

16. The shift register according to claim 1, wherein the scan
driver provides four period signals whose enabling times are
not overlapped to be the first timing signal and the second
timing signal of each of the shift register units, wherein the
n-th stage of shift register unit uses a first period signal and a
second period signal of the four period signals as the first
timing signal and the second timing signal, and the (n+1)-th
stage of shift register unit uses a third period signal and a
fourth period signal of the four period signals as the first
timing signal and the second timing signal.

17. The shift register according to claim 16, used for gen-
erating scan signals for scanning the 1n-th row of pixels and
the 2n-th row of pixels in the LCD in response to the first
period signal and the second period signal of the four period
signals;

wherein the scan driver further comprises another shift

register having a similar structure 1o the shift register, for
generating scan signals for scanning the 3n-th row of
pixels and the 4n-th row of pixels in the LCD in response
to the third period signal and the fourth period signal.

18. A liquid crystal display (LCD), comprising:

a display panel, having a pixel matrix;

a data driver, for providing a plurality of data signals; and

a scan driver, comprising a first shift register for providing

aplurality of scan signals for enabling pixels of the pixel

matrix to display a data frame according to the data

signals, wherein the first shift register comprises a plu-

rality of stages of shift register units and each of the shift

register units comprises:

a first level lifting unit and at least a second level lifting
unit, for respectively providing a first timing signal to
a first output terminal and at least a second timing
signal to at least a second output terminal;
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a first level lowering unit and at least a second level
lowering unit, for respectively providing a first volt-
age to the first output terminal and at least a second
output terminal;

a first driving unit, coupled to input terminals of the first
level lifting unit and the second level lifting unit at a
first node, wherein a voltage of the first node is a first
control signal, and the first driving unit is for turning
on the firstlevel lifting unit and the second level lifting
unit in response to a front edge of an input signal and
turning off the first level lifting unit and the second
level lifting unit as a level of a second control signal is
higher than a level of a third control signal; and

a second driving unit, coupled to input terminals of the
first level lowering unit and the second level lowering
unit at a second node, wherein the second driving unit
is for turning off the first level lowering unit and the
second level lowering unit in response to a front edge
of the first control signal and turning on the first level
lowering unit and the second level lowering unit in
response to a rear edge of the first control signal,

wherein the first output terminal and the second output

terminal are for respectively outputting a first scan signal
and at least a second scan signal,

wherein the input signal is the second scan signal of the

previous-stage shift register unit.

19. The LCD according to claim 18, wherein the second
level lowering unit comprises a first transistor, and the first
transistorhas a gate coupled to the second node, a first source/
drain coupled to the second output terminal and a second
source/drain for receiving the first voltage.

20. The LCD according to claim 19, wherein the second
level lowering unit of the n-th stage of shift register unit
further comprises a second transistor, and the second transis-
tor has a gate for receiving the first scan signal of the (n+1)-th
stage of shift register unit, a first source/drain coupled to the
second output terminal and a second source/drain for receiv-
ing the first voltage, wherein n is a natural number.

21. The LCD according to claim 19, wherein the second
level lowering unit of the n-th stage of shift register unit
further comprises a third transistor, and the third transistor has
a gate for receiving the first control signal of the (n+1)-th
stage of shift register unit, a first source/drain coupled to the
second output terminal and a second source/drain for receiv-
ing the second timing signal.

22. The LCD according to claim 19, wherein the second
level lowering unit of the n-th stage of shift register unit
further comprises a fourth transistor, and the fourth transistor
has a gate for receiving the first timing control signal of the
(n+1)-th stage of shift register unit, a first source/drain
coupled to the second output terminal and a second source/
drain for receiving the first voltage.

23. The LCD according to claim 19, wherein the first
driving unit comprises a fifth transistor, and the fifth transistor
has a gate for receiving at least a second scan signal of the
previous-stage shift register unit, a first source/drain for
receiving a second voltage and a second source/drain coupled
to the first node.

24. The LCD according to claim 23, wherein the first
driving unit of the n-th stage of shift register unit further
comprises a sixth transistor, and the sixth transistor has a gate
for receiving the second control signal, a first source/drain
coupled to the first node and a second source/drain for receiv-
ing the third control signal, wherein n is a natural number.

25. The LCD according to claim 24, wherein the second
control signal and the third control signal are respectively
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equal to the first scan signal of the (n+1)th-stage of shift
register unit and the first voltage.

26. The LCD according to claim 24, wherein the second
control signal and the third control signal are respectively
equal to the first control signal and the second timing signal of
the (n+1)-th stage of shift register unit.

27. The LCD according to claim 24, wherein the second
control signal and the third control signal are respectively
equal to the first timing signal of the (n+1)-th stage of shift
register unit and the first voltage.

28. The LCD according to claim 18, wherein the first level
lifting unit and the second level lifting unit respectively com-
prise a seventh transistor and an eighth transistor, and the
seventh transistor and the eighth transistor have gates coupled
to the first node, first sources/drains respectively for receiving
the first timing signal and the second timing signal, and sec-
ond sources/drains respectively coupled to the first output
terminal and the second output terminal.

29. The LCD according to claim 18, wherein the first level
lowering unit comprises a ninth transistor, and the ninth tran-
sistor has a gate coupled to the second node, a first source/
drain coupled to the first output terminal and a second source/
drain for receiving the first voltage.

30. The LCD according to claim 29, wherein the first level
lowering unit further comprises a tenth transistor and the
tenth transistor has a gate for receiving the second scan signal,
a first source/drain coupled to the first output terminal and a
second source/drain for receiving the first voltage.

31. The LCD according to claim 18, wherein the second
driving unit comprises a bias unit, for controlling a voltage
level of the second node in response to the front edge of the
first control signal,

wherein the bias unit is for turning off the first level low-

ering unit and the second level lowering unit in response
to the front edge of the first control signal and turning on
the first level lowering unit and the second level lowering
unit in response to a rear edge of the first control signal.
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32. The LCD according to claim 18, wherein the scan
driver provides three period signals whose enabling times are
not overlapped to be the first timing signal and the second
timing signal of the first shift register, wherein the n-th stage
of shift register unit, the (n+1)-th stage of shift register and the
(n+2)-th stage of the first shift register respectively use a first
period signal and a second period signal, a second period
signal and a third period signal, and a third period signal and
a first period signal of the three period signals to be the first
timing signal and the second timing signal.

33. The LCD according to claim 18, wherein the scan
driver provides four period signals whose enabling times are
not overlapped to be the first timing signal and the second
timing signal of each of the shift register units, wherein the
n-th stage of shift register unit uses a first period signal and a
second period signal of the four period signals as the first
timing signal and the second timing signal, and the (n+1)-th
stage of shift register unit uses a third period signal and a
fourth period signal of the four period signals as the first
timing signal and the second timing signal.

34. The LCD according to claim 33, wherein the first shift
register is used for generating scan signals for scanning the
1n-th row of pixels and the 2n-th row of pixels in the LCD in
response to the first period signal and the second period signal
of the four period signals;

wherein the scan driver further comprises a second shift

register having a similar structure to the first shift regis-
ter, for generating scan signals for scanning the 3n-th
row of pixels and the 4n-th row of pixels in the LCD in
response to the third period signal and the fourth period
signal.

35. The LCD according to claim 34, wherein the scan
driver is a double-sided scan driver located near two opposite
sides of the pixel matrix.
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