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(57) ABSTRACT

In a shift resister and an LCD having the same, the shift
resister includes plural stages having odd stages for receiv-
ing a first clock signal and a first control signal and even
stages for receiving a second clock signal and a second
control signal. Each of the plural stages includes a pull-up
section for providing one of first and second clock signals to
an output terminal, a pull-down section for providing a first
power voltage to the output terminal, a pull-up driving
section for turning on/off the pull-up section in response to
an output signal of a front stage and turning off the pull-up
section in response to the first and second control signals, a
first pull-down driving section for outputting a third control
signal, and a second pull-down driving section for turning
off the pull-down section in response to the input signal and
turning on the pull-down section in response to the third
control signal.
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SHIFT RESISTER AND LIQUID CRYSTAL
DISPLAY HAVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application relies for priority upon Korean
Patent Application No. 2002-53634 filed on Sep. 5, 2002,
the contents of which are herein incorporated by reference in
its entirety.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to a shift register and
a liquid crystal display (LCD) having the same, and more
particularly to a shift register for improving reliability and
life span thereof and a liquid crystal display having the
same.

[0004] 2. Description of the Related Art

[0005] In these days, information processing devices have
been rapidly developed in a trend with various architectures,
functions and faster information processing speed. Informa-
tion processed in those information-processing devices has
an electrical signal format. In order to visually confirm
information processed in the information-processing device,
a display for a role as an interface should be provided.

[0006] LCDs have advantages such as the lighter weight,
small size, high resolution, lower power consumption and
friendly relation with environment and they render display
of full colors compared with the traditional cathode ray tube
(CRT). Such the advantages allow the LCDs to replace the
CRTs and to be spotlighted as a next generation display.

[0007] LCDs apply an electric power to liquid crystal
having a specific molecular configuration to vary the
molecular arrangement of liquid crystal. The variation in the
molecular configuration of liquid crystal causes a variation
in optical properties such as birefringence, optical rotary
power, dichroism, light scattering. The LCDs utilize such
variations in optical properties to display an image.

[0008] The LCD device is largely classified into a TN
(Twisted Nematic) type and a STN (Super-Twisted Nematic)
type. The liquid crystal display device is, according to the
driving method, classified into an active matrix display type,
which uses a switching device and a TN liquid crystal, and
a passive matrix type, which uses an STN liquid crystal.

[0009] A distinguishable difference of two types is in that
the active matrix display type is applied to a TFT-L.CD that
drives the LCD by using a TFT and the passive matrix
display type dispenses with a complicated circuit associated
with a transistor because of using no transistor

[0010] TFT-LCD is divided into amorphous silicon TFT
LCD (a-Si TFT-LCD) and polycrystalline silicon TFT LCD
(poly-Si TFT-LCD). Poly-Si TFT-LCD has advantages of
lower power consumption, lower price compared with a-Si
TFT-LCD but has a drawback in that its manufacturing
process is complicated. Thus, poly-Si TFT-LCD is mainly
used in a small sized display such as mobile phones.

[0011] Amorphous-Si TFI-LCD is applied to a large
screen sized display such as notebook personal computer
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(PC), LCD monitor, high definition (HD) television, etc.,
due to easy application of large screen and high production
yield.

[0012] FIG. 1 is a simplified schematic view showing a
conventional TFT substrate in a poly-TFT LCD. FIG. 2 is a
simplified schematic view showing a conventional TFT
substrate in an amorphous-TFT LCD.

[0013] Asshown in FIG. 1, the poly-Si TFT LCD includes
a data driving circuit 12 and a gate driving circuit 14
disposed on a glass substrate 10 having a pixel array. A
terminal part 16 is connected to an integrated printed circuit
board (PCB) 20 by using a film cable 18. Those structures
may save the manufacturing costs of products, minimize the
power-loss due to the integration of driving circuits and
provide a display device having a slim design.

[0014] However, as shown in FIG. 2, a-Si TFT LCD has
a data driving chip 34 formed on a flexible PCB 32 in a
manner of COF (Chip-On-Film). A data PCB 36 is con-
nected to a data line terminal of the pixel array through the
flexible PCB 32. A gate driving chip 40 is formed on a
flexible PCB 38 in the manner of forming a COF. A gate
PCB 42 is connected to a gate line terminal through the
flexible PCB 38.

[0015] That is, a-Si TFT LCD has disadvantages such as
high cost and large size in aspects of cost and structure in
comparison with those of poly-Si TFT LCD.

BRIEF SUMMARY OF THE INVENTION

[0016] The present invention provides a shift register for
improving reliability and life span of an a-Si TFT LCD.

[0017] The present invention provides an LCD having the
above a shift resister.

[0018] In one aspect of the invention, a shift register
includes plural stages connected one after another to each
other. The plural stage includes a first stage in which a start
signal being coupled to an input terminal and the shift
register sequentially outputs output signals of each of the
stages. The plural stages include odd stages for receiving a
first clock signal and a first control signal for controlling
output of a first clock signal and even stages for receiving a
second clock signal having a phase opposite to the first clock
signal and a second control signal for controlling output of
the second clock signal.

[0019] Each of the plural stages includes a pull-up means
for providing a corresponding one of the first and second
clock signals to an output terminal, a pull-up driving means
connected to an input node of the pull-up means, for turning
on the pull-up means in response to a front edge of an output
signal of a front stage and turning off the pull-up means in
response to a front edge of the first and second control
signals, a pull-down means for providing a first power
voltage to the output terminal, a first pull-down driving
means connected to an input node of the pull-up means, for
outputting a third control signal in response to turn-on of the
pull-up means, and a second pull-down driving means
connected to an input node of the pull-down means, for
turning off the pull-down means in response to a front edge
of an input signal and turning on the pull-down means in
response to the third control signal.
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[0020] Inanother aspect of the invention, an LCD includes
a display cell array circuit, a data driving circuit and a gate
driving circuit formed on a transparent substrate. The dis-
play cell array circuit includes plural data lines and plural
gate lines and each of the display cell arrays is connected to
a corresponding pair of data line and gate line.

[0021] The gate driving circuit includes a shift register
including plural stages connected one after another to each
other and the plural stages include a first stage in which a
start signal is coupled to an input terminal, for sequentially
outputting output signals of respective stages. The plural
stages include odd stages for receiving a first clock signal
and a first control signal for controlling output of the first
clock signal and even stages for receiving a second clock
signal having a phase opposite to the first clock signal and
a second control signal for controlling output of the second
clock signal.

[0022] Each of the plural stages includes a pull-up means
for providing a corresponding one of the first and second
clock signals to an output terminal, a pull-up driving means
connected to an input node of the pull-up means, for turning
on the pull-up means in response to a front edge of an output
signal of a front stage and turning off the pull-up means in
response to a front edge of the first and second control
signals, a pull-down means for providing a first power
voltage to the output terminal, a first pull-down driving
means connected to an input node of the pull-up means, for
outputting a third control signal in response to turn-on of the
pull-up means, and a second pull-down driving means
connected to an input node of the pull-down means, for
turning off the pull-down means in response to a front edge
of an input signal and turning on the pull-down means in
response to the third control signal.

[0023] According to the present invention, a channel
width difference of transistors applied to the pull-down
driving means may be reduced. Also, the present invention
may prevent a flow of an overcurrent through the sixth
transistor M6, which is being operated at a high temperature,
thereby preventing the transistor from being deteriorated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The above and other advantages of the present
invention will become readily apparent by reference to the
following detailed description when considered in conjunc-
tion with the accompanying drawings wherein:

[0025] FIG. 1 is a simplified schematic view showing a
conventional TFT substrate in a poly-TFT LCD;

[0026] FIG. 2 is a simplified schematic view showing a
conventional TFT substrate in an amorphous-TFT LCD;

[0027] FIG.3 is a disassembled perspective view showing
an amorphous-Si TFT LCD in accordance with an exem-
plary embodiment of the present invention,

[0028] FIG. 4 is a schematic view showing a TFT sub-
strate in an amorphous-Si TFT LCD in accordance with an
exemplary embodiment of the present invention;

[0029] FIG. 5 is a block diagram showing a shift register
in the data driving circuit shown in FIG. 4;

[0030] FIG. 6 is a block diagram of a shift register in the
gate driving circuit shown in FIG. 4;
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[0031] FIG. 7 is a detailed circuit diagram of each stage
in the shift registers in accordance with an exemplary
embodiment of the present invention;

[0032] FIG. 8 is a timing diagram of respective elements
of FIG. 7,

[0033] FIG. 9 is a driving waveform simulated at respec-
tive stage of FIG. 6;

[0034] FIG. 10 is a schematic view showing a relation
between a size of transistor and a threshold voltage thereof
applied to a pull-down driving section of FIG. 7;

[0035] FIG. 11 is a schematic view showing a resistance
ratio required when Vg voltage increases;

[0036] FIGS. 12A and 12B are output waveforms simu-
lated when a sixth transistor is operated in normal or
abnormal states, respectively;

[0037] FIG. 13 is a detailed circuit diagram of each stage
in a shift register in accordance with another exemplary
embodiment of the present invention;

[0038] FIG. 14 is a schematic view showing a relation
between a size of transistor and a threshold voltage thereof
applied to inverters shown in FIGS. 7 and 13; and

[0039] FIG. 15 is a schematic view showing the current
quantity when channel widths of transistor applied to the
inverters shown in FIGS. 7 and 13 are the same.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0040] FIG. 3 is a disassembled perspective view showing
an amorphous-Si TFT LCD in accordance with an exem-
plary embodiment of the present invention.

[0041] Referring to FIG. 3, an LCD 100 includes an L.CD
panel assembly 110, a backlight assembly 120, a chassis 130
and a cover 140.

[0042] The LCD panel assembly 110 includes an L.CD
panel 112, a flexible PCB 116 and an integral control and
data driving chip 118. The LCD panel 112 includes a TFT
substrate 1124 and a color filter substrate 1125. On the TFT
substrate 112a, a display cell array circuit, a data driving
circuit, a gate driving circuit and an external connection
terminal are disposed. Color filters and transparent common
electrodes are disposed on the color filter substrate 112b.
The TFT substrate 1124 faces the color filter substrate 112b.
Liquid crystal is injected between the TFT substrate 112a
and the color filter substrate 112b, and an injection inlet of
liquid crystal is then sealed.

[0043] The integral control and data driving chip 118
mounted on the flexible PCB 116 is connected with circuits
disposed on the TFT substrate 112a through the flexible PCB
116. The flexible PCB 116 provides the data driving circuit
and the gate driving circuit of the TFT substrate 112a with
data signals, data timing signals, gate timing signals and gate
driving voltages.

[0044] The backlight assembly 120 includes a lamp
assembly 122, a light guiding plate 124, a series of optical
sheets 126, a reflector plate 128 and a mold frame 129.

[0045] FIG. 4 is a schematic view showing a TFT sub-
strate in an amorphous-Si TFT LCD in accordance with an
exemplary embodiment of the present invention.
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[0046] Referring to FIG. 4, a display cell array circuit
150, a data driving circuit 160, a gate driving circuit 170, an
external connection terminal 162 and 163 for the data
driving circuit 160, an external connection terminal 169 for
the gate driving circuit 170 are formed on the TFT substrate
1124, which are formed during the formation of TFTs.

[0047] The display cell array circuit 150 includes an
m-number of data lines DL1-DLm extended along the
column direction and an n-number of gate lines GLL1-GLn
extended along the row direction.

[0048] In one exemplary embodiment of the present
embodiment, an example of 2 inches-LLCD panels having a
resolution of 525 (i.e., (176x3)x192) corresponding to num-
bers of the gate lines and data lines is provided.

[0049] Switching transistors ST are formed at the cross
points of the data lines and the data lines. Each of switching
transistor STi has a drain connected to a data line DLi and
a gate connected to a gate line GLi. Source of the switching
transistor STi is connected to a transparent pixel electrode
PE. Liquid crystal LC is arranged between the transparent
pixel electrode PE and a transparent common electrode CE.

[0050] Thus, a voltage applied between the transparent
pixel electrode PE and the transparent common electrode CE
controls the alignment of liquid crystal molecules, thus light
amount passing through the liquid crystal molecules is
controlled and thereby gray scales for respective pixels are
displayed.

[0051] The data driving circuit 160 includes a shift register
164 and 528 switching transistors SWT. The 528 switching
transistors SWT form eight data line blocks BL1-BLS8 per
sixty-six switching transistors.

[0052] Inany dataline block BLi, sixty-six input terminals
are commonly connected to an external input terminal 163
consisting of sixty-six data input terminals and sixty-six
output terminals are connected to the corresponding sixty-
six data lines. Also, a block selection terminal is connected
to a corresponding one-output terminal of eight output
terminals of the shift register 164.

[0053] The 528 switching transistors SWT is comprised of
a-Si TFT MOS transistor of which source is connected to
corresponding data line, drain is connected to a correspond-
ing input terminal among 66 number of data input terminals,
and gate is connected to block selection terminal.

[0054] Accordingly, 528 data lines are divided into eight
blocks each having sixty-six data lines and the eight blocks
are each selected sequentially by eight block selection
signals.

[0055] The shift register 164 receives a first clock signal
(“CKH”), a second clock signal (“CKHB”) and a block
selection start signal (“STH”). The output terminals of the
shift register 164 are connected to the block selection
terminals of corresponding lines blocks.

[0056] FIG. 5 is a block diagram showing a shift register
in the data driving circuit shown in FIG. 4.

[0057] Referring to FIG. 5, the shift register 164 includes
nine stages SRH1 to SRH9 subordinated to one after
another. In other words, the output terminal “OUT” of each
stage is connected to the input terminal “IN” of the next
stage. The nine stages have eight stages SRH1 to SRHS
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corresponding to data line blocks and one dummy stage
SRHY. Each stage has an input terminal IN, an output
terminal OUT, a control terminal “CT”, a clock signal input
terminal “CK?”, a first power voltage terminal “V .~ and a
second power voltage terminal “VDD”. The eight stages
SRH1 to SRHS8 provide the block selection terminals of
respective data line blocks BL1 to BLS8 with the block
selection start signals DE1 to DES, respectively. The block
selection start signals are the enable signals for respective
line blocks.

[0058] Odd stages SRH1, SRH3, SRH5, SRH7, SRH9
receive the first clock signal “CKH” and even stages SRC2,
SRC4, SRH6, SRHS reccive the second clock signal. The
first clock signal CKH and the second clock signal CKHB
have a phase opposite to each other. Duty periods of the first
and second clock signals CKH and CKHB are set to be less
than %6 ms.

[0059] The output signal of the next stage to a present
stage is input to the control terminal CT of the present stage
as a control signal. In other words, the control signal that is
inputted to the control terminal CT is delayed by the duty
period of the output signals itself.

[0060] Thus, since the output signals of respective stages
are sequentially generated with active period of high state,
data line blocks corresponding to active periods of respec-
tive output signals are selected and become enable.

[0061] Dummy stage SRH9Y is used for providing the
control terminal CT of the previous stage SRH8 with a
control signal.

[0062] FIG. 6 is a block diagram of a shift register in the
gate driving circuit shown in FIG. 4.

[0063] Referring to FIG. 6, the gate driving circuit 170
has a single shift register. The shift register 170 of FIG. 6
includes plural stages SRC1 to SRC4 subordinated to one
after another. In other words, the output terminal “OUT” of
each stage is connected to the input terminal IN of the next
stage. The stages have 192 stages SRC1 to SRC192 corre-
sponding to gate lines and one dummy stage SRC193. Each
stage has an input terminal IN, an output terminal OUT, a
control terminal CT, a clock signal input terminal CK, a first
power voltage terminal VSS and a second power voltage
terminal VDD.

[0064] To the input terminal “IN” of the first stage is input
a start signal “ST” as illustrated in FIG. 7. Here, the start
signal is a pulse signal synchronized with a vertical syn-
chronous signal.

[0065] Output terminals GOUT1 to GOUT192 of respec-
tive stages are connected to respective corresponding gate
lines. To odd stages SRC1, SRC3, etc. is supplied the first
clock CKV and to even stages SRC2, SRC4, etc. is supplied
the second clock CKVB. The first clock CKV has an
opposite phase to the second clock CKVB. The first and
second clock CKV and CKVB have a duty period of
16.6/192 ms.

[0066] The output signals GOUT2, GOUT3 and GOUT4
of the next stages SRC2, SRC3, SRC 4, etc. to present stages
SRC1, SRC2, SRC3, ete. are input to the control terminal
CT of the present stages SRC1, SRC2, SRC3, ctc. as a
control signal. In other words, the control signal that is
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inputted to the control terminal CT is delayed by the duty
period of the output signals itself.

[0067] Thus, since the output signals of respective stages
are sequentially generated with active period of high state,
horizontal lines corresponding to active periods of respec-
tive output signals are selected.

[0068] FIG. 7 is a detailed circuit diagram of each stage
in the shift registers in accordance with an exemplary
embodiment of the present invention. Particularly, a con-
crete circuit constitution of each stage of shift resisters of
FIG. 6 is described therein. FIG. 8 is a timing diagram of
respective elements of FIG. 7.

[0069] Referring to FIG. 7, cach stage of the shift register
170 includes a pull-up section 171, a pull-down section 172,
a pull-up driving section 173 and a pull-down driving
section 174.

[0070] The pull-up section 171 includes a first NMOS
transistor M1 of which drain is connected to a power clock
input terminal CKV, gate is connected to the third node N3
and source is connected to an output terminal GOUT [N].

[0071] The pull-down section 172 includes a second
NMOS transistor M2 of which drain is connected to a output
terminal GOUT [N], gate is connected to the fourth node N4
and source is connected to a first power voltage Vopg.

[0072] The pull-up driving section 173 includes a capaci-
tor C and third to fifth NMOS transistor M3 to MS. The
capacitor C is connected between the third node N3 and the
output terminal GOUT [N]. The third NMOS transistor M3
has a drain connected to the second power voltage V., a
gate connected to an input terminal, that is, to output signal
GOUT [N-1] of the front stage, and a source connected to
the third node N3. The fourth NMOS transistor M4 has a
drain connected to the third node N3, a gate connected to the
fourth node N4, and a source connected to the first power
voltage Vope. The fifth NMOS transistor M5 has a drain
connected to the third node N3, a gate connected to the
fourth node N4, a source connected to the first power voltage
Vogr The third NMOS transistor NT3 has a size larger than
that of the fifth NMOS transistor NTS, for example, has a
size ratio of 2:1.

[0073] The pull-down driving section 174 includes sixth
and seventh NMOS transistors M6 and M7. The sixth
NMOS transistor Mé has a drain and gate commonly
connected to the second power voltage Vo and a source
connected to the fourth node N4. The seventh NMOS
transistor M7 has a drain connected to the fourth node N4,
a gate connected to the third node N3 and a source connected
to the first power voltage V. The sixth NMOS transistor
M6 has a size ratio of 1:16 to the seventh NMOS transistor
M7.

[0074] As shown in FIG. 8, as first and second power
clocks CKV and CKVB and scan start signal ST are supplied
to the shift register 170, the first stage SRC1 delays a high
level period of the first power clock CKV in response to the
front edge of the scan start signal ST for a predetermined
time period of Tdrl to thereby output a delayed output signal
GOUTL.

[0075] As described above, the first and second power
clocks CKV and CKVB and the scan start signal ST are
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supplied to the shift register 170 on the glass, that is arranged
on an array substrate, so as to drive the shift register 170 as
a gate driving circuit.

[0076] FIG. 9 is a driving waveform simulated at respec-
tive stages of FIG. 6.

[0077] Referring to FIG. 9, the shift resister 170 receives
either the first power clock CKV or the second power clock
CKVB having a phase opposite to that of the first power
clock CKV in a cycle of 2H and sequentially outputs plural
gate signals GOUT1, GOUT2, GOUTS3, etc. to the gate lines
of the TFTs. The first and second power clocks CKV and
CKVB are amplified to have an amplitude of a signal
outputted from timing controller (not shown), which is from
about 0 to about 3 volts, for example, from about -8 to about
24 volts.

[0078] However, as the LCD panel having resolution of
525(176*3)*192, in a case where the shift resister 170 is
used as the gate driving circuit, the shifter resister 170 is
suitable for adopting to small or middle-sized monitor and
not suitable for adopting to large-sized monitor having high
resolution.

[0079] This is because the size of each transistor M1/M2,
that is performing functions of a pull-up/pull-down,
increases in order to apply the shift resister to the gate lines
of the large-sized monitor. That is, the shift resister is
difficult to be integrated into a predetermined space.

[0080] Thus, the size of pull-up/pull-down transistors
M1/M2, that is not suitable for sufficiently driving the gate
lines, the variation of threshold voltage V,,, of the TFTs and
the temperature characteristic of the amorphous silicon are
remarkably different in comparison with those of the poly-
crystalline or single-crystalline silicon, thereby deteriorating
the reliability and production yield.

[0081] Hereinafter, the problem of reliability, that is gen-
erated when the shift resister 170 is adopted for a the gate
driver of the LCD using an a-Si TFT, will be described with
reference to FIG. 7.

[0082] Referring to FIG. 7, the inverter 174 includes the
sixth transistor M6 that maintains turn-on state at all the
times and the seventh transistor M7 that turns on or off in
response to the voltage CT1. When the seventh transistor
M7 of the inverter 174, the voltage CT2 is represented by the
following equation (1).

Cnhigh=VON_Vlh(M6) (1)
[0083] Meanwhile, as representing by the following equa-
tion (2), when the seventh transistor M7 is turned on, the
voltage CT2 is decided according to the resistance ratio
between the sixth and seventh transistors M6 and M7 while
the sixth and seventh transistors M6 and M7 are turned on.

CT2)={ Von— th(M6)_VOFF} *Ronpry {ROW(M7)+

RO”(MS)}"’ OFF @
[0084] As shown in FIG. 7, the second and fourth tran-
sistors M2 and M4 are controlled by the voltage CT2, . If
a potential value of the CT2,_, is not sufficiently low, the
second and fourth transistors M2 and M4 may not be
normally turned off, so that the shift resister may be in a
serious misoperation.

[0085] Thus, Ron .y /Ron g has to be sufficiently low in
the above equation (2). Also, the voltage difference between
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the voltage of CT2,_,, as the gate voltage of each transistor
and the first power voltage Vg as a source voltage has to
be lower than the threshold voltage V,, of the transistor as
representing by the following equation (3). So, regulating
this again, this is represented by the following equation (4).

CT2155=Vorr Vs =V1h(M6)=V1h(M1)=V1h(M7) (3)
CT2154~Vorr=(Von—Vin—Vorr) *RG”(MD/{RG”(MD"'
Roryesy Vin @

[0086] Regulating the above equation (4), the resistance
ratio Rony,,/Rongye between the seventh transistor M7
and the sixth transistor M6, that are being turned on, is
represented by the following equation (5).

RU”(M7)/R0”(M5)Vm/ {(Von—2*Vu=Vors)} &)
[0087] For example, in case that the first power voltage
Vorr the second power voltage Vo and the threshold
voltage V,; of the TFT are -7V, 22V and 1.7V, respectively,
the resistance ratio Ron g,y /Ronge, between the seventh
transistor M7 and the sixth transistor M6, that are being
turned on, is represented by the following equation (6).

RongryRome 7H{22-2%1.7-(=7) }is (6

[0088] As represented by the above equation (6), the
pull-down driving section 174, that is performing functions
of the inverter 174 must have a transistor combination such
that the resistance ratio Rongy,,,/Ron e between the sev-
enth transistor M7 and the sixth transistor M6 being turned
on is smaller than a resistance ratio of 1:15.

[0089] In the above equation (6), supposing that the volt-
age Vgs7 between the gate and the source of the seventh
transistor M7 is Von—Vore While the seventh transistor M7
is turned on, CT2,_ is equal to V,,+V o and the voltage
Vgs6 between the gate and the source of sixth transistor M6
is equal to Vou—-(Vy+Vorr)- Thus, the voltage Vgs7
between the gate and the source of seventh transistor M7 is
defined as about the voltage Vgs6 between the gate and the
source of the sixth transistor M6 because of disregarding the
threshold voltage V,, in respect to the voltage Vgs7 having
VON_VOFF'

[0090] In this exemplary embodiment, in case that channel
lengths L of the transistors applied to the pull-down driving
section 174 are the same, if a ratio of a channel width W 5
of the seventh transistor M7 to a channel width W, of
sixth transistor M6 is more than 15:1, the condition of the
above equation (6) is satisfied.

[0091] Meanwhile, in the TFT-LCD module, the size of
the TFT, the values of first and second power voltages V.
and V are fixedly applied by means of hardware. In this
case, the reliability of the inverter 174 of shift resister 170
for the gate driver may be deteriorated, which is applied to
the a-Si TFT LCD shown in FIG. 7. That is, the shift resister
170 for the gate driver shown in FIG. 7 may be sensitive to
the temperature and the voltage and shortened in the life
span thereof.

[0092] In general, the temperature is in inverse proportion
to the threshold voltage of TFT.

[0093] FIG. 10 is a schematic view showing a relation
between a size of transistor and a threshold voltage thereof
applied to a pull-down driving section of FIG. 7. Especially,
FIG. 10 shows the resistance ratio (Ron;y/Ronge)
between the seventh transistor M7 and the sixth transistor
Mé while the seventh and the sixth transistors M7 and M6
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are turned on, which are demanded according to the thresh-
old voltage of the inverter 174 of shift resister 170 for gate
driver of a-Si TFT designed by the above equation (6).

[0094] Referring to FIG. 10, in a condition that the
threshold voltage is required to have a ratio smaller than
Rony7)/Ron i 6y="15(0.067), the shift resister 170 shown in
FIG. 7 may be misoperated because the second transistor
M2 and the fourth transistor M4 are not turned off suffi-
ciently.

[0095] In addition, when the first power voltage Vg and
the second power voltage Vg have a little change, the shift
resister 170 may be misoperated because the first power
voltage Vpr and the second power voltage V are sensi-
tive to the temperature and the voltage in view of circuit
diagram thereof.

[0096] FIG. 11 is a schematic view showing a resistance
ratio required when V5 voltage increases.

[0097] Referring to FIG. 11, in a case where the second
power voltage Vy increases from 22 volts to 24 volts, the
waveform of “REQUEST Max Ratio 2” shows a curve of
resistance ratio that is more downwardly shifted than a curve
of resistance ratio shown when the second power voltage
V,_, Is 22 volts. Accordingly, although the sixth and seventh
transistors M6 and M7 have the same threshold voltage, the
shift resister 170 may be misoperated due to the second
power voltage V. That is, the shift resister 170 shown in
FIG. 7 has the problem of reliability in association with the
temperature and the voltage environment.

[0098] Meanwhile, the shift resister 170 shown in FIG. 7
has another problem in relation to the life. In the shift resister
170, the inverter has to be designed such that the seventh
transistor M7 and the sixth transistor M6 have the resistance
ratio Rony7/Rongye, of 1:15 while turning on. That is, the
seventh transistor M7 performing on/off operations has a
size of 15 times as large as the sixth transistor M6 main-
taining the turn-on state all the time.

[0099] The more the size difference between the sixth and
seventh transistors M6 and M7 is large, the reliability of the
shift resister 170 is deteriorated.

[0100] This is because the current capacity is decided
according to the seventh transistor M7, which is operated as
a load of the sixth transistor M6 maintaining the turn-on
state all the time. Thus, when the seventh transistor M7 is
turned off, a leakage current flows through the sixth tran-
sistor M6.

[0101] That is, the life does not deteriorate in case that the
current flows during a short time such as 50 us at XGA
having one flame of 16.7 ms. However, the TFT may be
deteriorated when the leakage current flows through the
sixth transistor M6 all the time. So, the life of the shift
resister 170 shown in FIG. 7 may be deteriorated because
the sixth and seventh transistors M6 and M7 have the size
greatly different to each other.

[0102] The following Table 1 represents a current capacity
per unit channel width of 1 wm of the sixth transistor M6 and
the seventh transistor M7 under a same temperature condi-
tion in case that the channel width ratio of sixth and seventh
transistors M6 and M7 is 1:15 under a same voltage con-
dition.
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TABLE 1
M7 Mo
channel width 15 1
ratio
25° C. 0.08 nA 5.78 nA
60° C. 1.02 nA 33 nA

[0103] In the shift resister 170 shown in FIG. 7, the first
to fifth transistors M1, M2, M3, M4 and M5 have a current
capacity similar to that of the seventh transistor M7, and the
sixth transistor M6 has a current capacity of 60 times under
anormal temperature and 30 times under a high temperature,
that is compared with the seventh transistor M7. When the
size of seventh transistor M7 increases in order to improve
an operation margin of the pull-down driving section 174,
which is being operated as the inverter, the difference of
current capacity between the sixth and seventh transistors
M6 and M7 remarkably increases.

[0104] Especially, since the current capacity flowing per
unit channel width of a transistor under the high temperature
is about 0.99 uA in view of a conventional pixel size of about
30 um, the transistor is in turn-on state.

[0105] If the current of turn-on state flows through the
TFT, the current driving ability is deteriorated and the
threshold voltage rises because the amorphous thin film
characteristic is degraded. Thus, the voltage of CT2,;, is
lowered as represented by the above equation 1, which is not
efficient to turn on the second transistor M2 and the fourth
transistor M4. As a result, the shift resister for gate driver
comprised of a-Si TFT shown in FIG. 7 may be misoper-
ated.

[0106] FIGS. 12A and 12B are output waveforms simu-
lated when a sixth transistor M6 is operated in normal or
abnormal states, respectively.

[0107] As shown in FIG. 12A, when the sixth transistor
M6 is in normal state, the output voltage V.p, of the
pull-down driving section 174 is enough to turn on the
second transistor M2 of the pull-down section 172 or the
fourth transistor M4 of the pull-up driving section 173.
Therefore, the output waveform of the shift resister 170 is
normal.

[0108] However, as shown in FIG. 12B, when the sixth
transistor M6 is deteriorated, the threshold voltage of the
sixth transistor M6 rises and the pull-down driving section
174 is misoperated. Therefore, the output waveform of the
shift resister 170 is abnormal.

[0109] That is, since the output voltage Vr. of pull-down
driving section 174 is not enough to turn on the second
transistor M2 of pull-down section 172 or the fourth tran-
sistor M4 of pull-up driving section 173, the first power
voltage Vopp 1s not normally applied to the gate line of the
LCD apparatus.

[0110] As a result, the switching element applied to the
LCD panel cannot be normally turned on due to the abnor-
mal waveforms, so that the LCD panel cannot display the
image in normal state.

[0111] As aforementioned above, the shift resister 170 for
gate driver shown in FIG.7 is difficult to be applied to the
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LCD apparatus due to the reliability thereof in spite of the
merits of cost and structure thereof.

[0112] In another embodiment of present invention, a shift
resister for gate driver that solves the problems, for example,
such as reliability, life and the like, of the transistor for gate
driver comprised of a-Si TFT will be described.

[0113] FIG. 13 is a circuit diagram of each stage in the
shift register according to another exemplary embodiment of
the present invention. Especially, FIG. 13 shows a detailed
circuit diagram of each stage in the shift resister shown in
FIG. 6.

[0114] Referring to FIG.13, each stage of a shift resister
170 according to another exemplary embodiment of present
invention has a pull-up section 171, a pull-down section 172,
a pull-up driving section 173, a first pull-down driving
section 174 and a second pull-down driving section 175. In
the shift resister 170 shown in FIG. 13, parts having
function and structure that are the same as those of the shift
resister shown in FIG. 7 are allowed to have same reference

numerals and the detailed description thereof will be omit-
ted.

[0115] The first pull-down driving section 174, that is used
as a first inverter, has a sixth transistor M6 and a seventh
NMOS transistor. The first pull-down driving section 174 is
connected to an input node of the pull-up section 171 and
outputs a third control signal CT3 to the second pull-down
driving section 175 in response to the pull-up section 171.

[0116] The sixth transistor M6 has a drain connected to a
second power voltage Vo and a source connected to a
fourth node N4. Also, the seventh transistor M7 has a drain
connected to the fourth node N4, a gate connected to a third
node N3 and a source connected to a first power voltage
Vogr- The size of sixth transistor M6 is the same as that of
the seventh transistor M7. Here, it is preferable that a
channel width ratio of the sixth transistor M6 to the seventh
transistor M7 is approximately 1:1.

[0117] The second pull-down driving section 175 is used
as a second inverter for controlling the operation of the first
inverter. The second pull-down driving section 175 has an
eighth transistor M8 and a ninth transistors M9. The second
pull-down driving section 175 is connected to an input node
of the pull-down section 172 so as to turn off the pull-down
section 172 in response to a front edge of the input signal and
turn on the pull-down section 172 in response to the third
control signal CT3.

[0118] The eighth transistor M8 has a drain and a gate
commonly connected to the second power voltage VON, a
source connected to a gate of the sixth transistor Mé. Also,
the ninth transistor M9 has a drain connected to the source
of eighth transistor M8, a gate connected to the third node
N3 and a source connected to the first power voltage V.
Here, a size of the ninth transistor M9 is two times than that
of the eighth transistor M8. Therefore, it is preferable that a
channel length ratio of the eighth transistor M8 to the ninth
transistor M9 is approximately 1:2 when a channel width
ratio of the eighth transistor M8 to the ninth transistor M9 is
1:1.

[0119] As described above, the shift resister comprised of
a-Si TFT can be formed by changing the diode structure of
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the sixth transistor M6 shown in FIG. 7 into a switching
structure and employing a separate inverter for controlling
the sixth transistor M6.

[0120] The shift resister 170 shown in FIG. 13 will be
described in detail with reference to various equations.

[0121] Assuming that the first pull-down driving section
174 having the sixth transistor M6 and the seventh transistor
M7 is the first inverter, the second pull-down driving section
175 having the eighth transistor M8 and the ninth transistor
M9 is the second inverter, and the second inverter outputs
the output voltage CT3, the relations between a high-level
output voltage CT3 high and a low-level output voltage
CT3_low of the second inverter and between a high-level
output voltage CT3 high and a low-level output voltage
CT3_low of the first inverter are represented by the follow-
ing equations (7) to (10).

CBhigh=VONV1h(M8) ¢
CBhigh=[VON_VIh(MS)_VOFF]*Ron(MQ)/ [RO”(MQ)"'

Roneey+Vore ®
Cnhigh=VON_ lh(MS)_Vlh(Mﬁ) (9)
Cnlow=(CBIOW_VIh(M(S)_VOFF) *Ro 7 [Ron(M7)+

ROn(M6)]+VOFF (10)

[0122] Meanwhile, assuming that the threshold voltage of
transistors is “V,,”, the voltage difference between a low-
level output voltage CT2,_, of the first inverter and a source
voltage Vi is lower than the threshold voltage V,,, of each
transistor as represented by the following the equation (11).
Here, the low-level output voltage CT2, , from the first
inverter is used as a gate voltage of each transistor so as to

turn off the second and fourth transistors M2 and M4.

C12 _VOFFVlh (1 1)

Tow
[0123] Arranging the above equation (11), the relation
between the low-level output voltage CT2, . and the source
voltage Vpp, is represented by the following equation (12).

CT21405~Vorr=(CT3 10w~V Vors) *[ROW(MU/

RongzytRongs Vi 12
[0124] Arranging the above equat.ion (12),‘ the Ron (W)/
Ron e is represented by the following equation (13).

Roney7y/Ronne) V| (CT3154 2" Vin—Vors) 13
[0125] Comparing the equation (13) with the equation (5)
corresponding to FIG. 7, it is confirmed that V4 is altered
to CT3,,. Here, If the channel width ratio and the channel
length ratio of the eighth transistor M8 to ninth transistor M9

are 1:1 and 3:1, respectively, the equation (5) is represented
by the following the equation (14).

CT310w=(Von=VintVorp)/4 a4

[0126] Applying the equation (14) to the equation (13), the
equation (14) is represented by the following equation (15).

Roneyzy/Ronnsyt ™ Viy/ (Von—9*Viy=3*Vors) (15)
[0127] In the a-Si TFT LCD apparatus, assuming that the
first power voltage Vg, the second power voltage Vo and
the threshold voltage V. are -7 volts, 22 volts and 1.7 volts,
respectively, when the sixth and fifth transistors M6 and M5
are turned on, the resistance ratio between the sixth transis-

tor Mé and the fifth transistor M5 is represented by the
following equation (16).

ROy RO *1.7/[22-9%1.7-3"(~T) 4 (16)
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[0128] Referring to the above equation (16), the inverter
of shift resister for gate driver comprised of the a-Si TFT
may have an increased resistance ratio needed in turn-on.

[0129] FIG. 14 is a schematic view showing a first relation
between a size of transistor and a threshold voltage thereof
applied to the inverter shown in FIG. 7 and a second relation
between a size of transistor and a threshold voltage thereof
applied to the inverter shown in FIG. 13. Here, “REQUEST
Max Ratio 1” is a curve according to the first relation
between the size of transistor applied to the inverter shown
in FIG.7 and the threshold voltage thereof and “REQUEST
Max Ratio 2” is a curve according to the second relation
between the size of transistor applied to inverter and the
threshold voltage according to the present invention.

[0130] Referring to FIG. 14, in a case where TFTs have a
same size each other, the threshold voltage margin increases
in a normal operation state.

[0131] However, since the voltage Vgsé that the sixth
transistor M6 turns on is almost equal to the voltage Vgs7
(=Von—Vorr) and the gate voltage applied to the sixth
transistor M6 is substantially equal to CT3_low, so the
voltage Vgsé of the present invention is represented by the
following equation (17).

Vgs6=CT3,0,~Vorr=(Von—Vit Vorr)/2-

VOFF(VON_VOFF)/2 (17)
[0132] In the above equation (17), the threshold voltage

Vth is disregarded because the threshold voltage is relatively
small to Vo-Vope

[0133] The “CT1” bootstrapped by the power clock hav-
ing amplitude of Vo~V is equal to Vo HVorn—Vors)s
so the voltage Vgs7 is represented by the following equation
(18).

VegsT=CT1-Vorr=2*(Von—Vorr) 18

[0134] That is, in the circuit diagram according to another
exemplary embodiment of present invention, the ratio of
Vgs6 to Vgs7 is approximately 1:4.

[0135] With comparing the current capacities of the sixth
and seventh transistors M6 and M7 to each other when the
sixth and seventh transistors M6 and M7 are simultaneously
turned on by using a current equation of the THT saturation
area as represented by the following equation (19), the
current capacities are represented by the following equation
(20) (i.c. on the assumption that Vgs >>Vth).

Hs=[W*u*(Vgs=V) " Y(2"1) (19)
1dSTIAS6=8%*W a7y Wi (20)
[0136] That is, although the channel widths of the sixth

and seventh transistors M6 and M7 are the same, the
resistance ratio between the sixth and seventh transistors M6
and M7 is 8 in equivalence when the sixth and seventh
transistors M6 and M7 are simultaneously turned on.

[0137] As aresult, although the channel widths of the sixth
and seventh transistors M6 and M7 are the same, the
resistance ratio between the sixth and seventh transistors M6
and M7 may be less than Rongn/Ron e, requir.ed in the
above equation (16), as represented by the following equa-
tion (21).

Ronpg7yRonney="sV6 (21)
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[0138] As aforementioned above, in another exemplary
embodiment of the present invention, the channel width
difference between the sixth transistor M6 and the seventh
transistor M7 applied to the inverter may be reduced. Also,
the present invention may prevent the flow of an overcurrent
through the sixth transistor M6, which is being operated at
a high temperature, thereby preventing the transistor from
being deteriorated.

[0139] The following Table 2 and FIG. 15 represent the
simulated result of the current capacity flowing per unit
width 1 um, when the channel width of the sixth transistor
M6 and the seventh transistor M7 applied to the first inverter
and the channel width of the eighth transistor M8 and the
ninth transistor M9 applied to the second inverter are the
same.

TABLE 2

Result of FIG, 7 Result of the present invention

TFT Mo M7 Mo M7 M8 M9

w Ra.tio WaninWas = 15 WarryWove = 1 Wonsy Wnsy = 1
L Ratio L(M7) (M) = 7y Livisy = (oY Lave) =
25°C. 578 nA 0.08nA 0.12nA  0.07nA 0.017 nA 0.016 nA
60° C. 33nA 1.02nA 1.16 nA  1.11nA 126 nA  1.25nA

[0140] Asshownin Table 2 and FIG. 15, since the leakage
current value of all transistors operated in high temperature
may be lowered below about 1 nA, the deterioration of the
transistors may be prevented as shown in FIG. 7 due to the
leakage current of about 33 nA.

[0141] As aforementioned above, the problems, for
example, such as reliability, life, sensitivity with respect to
the temperature and voltage, etc., of the shift resister for gate
driver comprised of a-Si TFT shown in FIG. 7 may be
overcome through the shift resister shown in FIG. 13
according to another exemplary embodiment of the present
invention.

[0142] Although exemplary embodiments of the invention
have been described, it will be understood by those skilled
in the art that the present invention should not be limited to
the described preferred embodiment, but various changes
and modifications can be made within the spirit and scope of
the invention as defined by the appended claims.

What is claimed is:

1. Ashift register in which plural stages are connected one
after another to each other, the plural stage having a first
stage in which a start signal being coupled to an input
terminal, the shift register sequentially outputting output
signals of each of the stages, the plural stages including odd
stages for receiving a first clock signal and a first control
signal for controlling output of the first clock signal, and
even stages for receiving a second clock signal having a
phase opposite to the first clock signal and a second control
signal for controlling output of a second clock signal,

each of the plural stages comprising:

a pull-up means for providing a corresponding one of
the first and second clock signals to an output
terminal;

a pull-up driving means connected to an input node of
the pull-up means, for turning on the pull-up means
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in response to a front edge of an output signal of a
front stage and turning off the pull-up means in
response to a front edge of the first and second
control signals;

a pull-down means for providing a first power voltage
to the output terminal;

a first pull-down driving means connected to an input
node of the pull-up means, for outputting a third
control signal in response to turn-on of the pull-up
means; and

a second pull-down driving means connected to an
input node of the pull-down means, for turning off
the pull-down means in response to a front edge of
an input signal and turning on the pull-down means
in response to the third control signal.

2. The shift register of claim 1, wherein the pull-up
driving means comprises:

a capacitor connected between the input node of the
pull-up means and the output terminal;

a first transistor of which drain and gate are commonly
connected to the input terminal and source is connected
to the input node of the pull-up means;

a second transistor of which drain is connected to the
input node of the pull-up means, gate is connected to
the input node of the pull-down means and source is
connected to the first power voltage; and

a third transistor of which drain is connected to the input
node of the pull-up means, gate is connected to an
output terminal of an next stage and source is con-
nected to the first power voltage.

3. The shift register of claim 1, wherein the first pull-down

driving means comprises:

a fourth transistor of which drain and gate are commonly
connected to a second power voltage;

a fifth transistor of which drain is connected to a source
of the fourth transistor, gate is connected to the input
signal, and source is connected to the first power
voltage.

4. The shift register of claim 3, wherein a channel width
ratio of the fourth transistor to the fifth transistor is approxi-
mately 1:1 and a channel length ratio of the fourth transistor
to the fifth transistor is approximately 1:2.

5. The shift register of claim 1, wherein the second
pull-down driving means comprises;

a sixth transistor of which drain is connected to a second
power voltage, gate is connected to an output signal of
a next stage and source is connected to the input node
of the pull-down means; and

a seventh transistor of which drain is connected to the
input node of the pull-down means, gate is connected
to the input signal and source is connected to the first
power voltage.

6. The shift resister of claim 1, wherein a channel width
ratio of the sixth transistor to the seventh transistor is
approximately 1:1.

7. An LCD comprising a display cell array circuit, a data
driving circuit and a gate driving circuit formed on a
transparent substrate, the display cell array circuit compris-
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ing plural data lines and plural gate lines, each of the display
cell arrays connected to a corresponding pair of data line and
gate line,

the gate driving circuit comprising a shift register includ-
ing plural stages connected one after another to each
other, the plural stages having a first stage in which a
start signal is coupled to an input terminal, for sequen-
tially outputting output signals of respective stages, the
plural stages including odd stages for receiving a first
clock signal and a first control signal for controlling
output of the first clock signal, and even stages for
receiving a second clock signal having a phase opposite
to the first clock signal and a second control signal for
controlling output of the second clock signal,

wherein each of the plural stages comprises:

a pull-up means for providing a corresponding one of
the first and second clock signals to an output
terminal;
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a pull-up driving means connected to an input node of
the pull-up means, for turning on the pull-up means
in response to a front edge of an output signal of a
front stage and turning off the pull-up means in
response to a front edge of the first and second
control signals;

a pull-down means for providing a first power voltage
to the output terminal;

a first pull-down driving means connected to an input
node of the pull-up means, for outputting a third
control signal in response to turn-on of the pull-up
means; and

a second pull-down driving means connected to an
input node of the pull-down means, for turning off
the pull-down means in response to a front edge of
an input signal and turning on the pull-down means
in response to the third control signal.

* * * #® *®
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