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GATE DRIVING DEVICE FOR LIQUID
CRYSTAL DISPLAY

FIELD OF THE INVENTION

[0001] The invention relates to substrate array peripheral
design and driving circuit design for liquid crystal display
(LCD), and particularly to a Thin Film Transistor (TFT) gate
driving device for the LCD.

DESCRIPTION OF THE PRIOR ART

[0002] Fora TFT LCD, when a positive voltage is applied
to a gate of the TFT, the TFT is turned ON; when a negative
voltage is applied to the gate of the TFT, the TFT is turned
OFF. Writing and maintaining of the pixel voltage on the LCD
can be controlled, by controlling the ON and OFF ofthe TFT
with a gate driving signal voltage. At present, TFT LCD
obtains the gate driving signal by approach of directly mount-
ing a gate driving Integrated Circuit (IC) on a flexible PCB
(Chip on Film), or directly mounting a gate driving IC on a
glass (Chip on Glass). The two approaches need to use a
driving chip and a film layer, leading to increase in cost of the
module and complexity of the module assembly process,
prone to the worse binding in the module assembly process,
which will inevitably affect the yield of production and the
quality of picture.

SUMMARY OF THE INVENTION

[0003] An object of the invention is to provide a device for
driving the gate of TFT without a driving chip.

[0004] In order to achieve the above object, the invention
provides a gate driving device for Thin Film Transistor liquid
crystal display, comprising: a plurality of sequentially con-
nected shift registers, directly deposited on an array substrate;
each of said shift registers including: first, second, third, and
fourth field effect transistors, a capacitor, and an ON voltage
timing signal input terminal, a clock signal input terminal and
a low voltage input terminal; the ON voltage timing signal
input terminal being connected with a drain of the first field
effect transistor, a gate of the first field effect transistor being
connected with a drain of the first field effect transistor, the
clock signal input terminal being connected with a drain of
the third field effect transistor, the capacitor being connected
between a source and a gate of the third field effect transistor,
a drain and a source of the fourth field effect transistor being
connected with the source of the third field effect transistor
and the low voltage input terminal, respectively; a source and
a drain of the second field effect transistor being connected
with the source of the first field effect transistor and the low
voltage input terminal, respectively; a output terminal of each
of said shift registers except for a first shift register and a last
shift register being connected with a gate of the fourth field
effect transistor ofa previous shift register and the ON voltage
timing signal input terminal of a next shift register; a output
terminal of the last shift register being connected with a gate
of the fourth field effect transistor of a previous shift register
and a gate of the second field effect transistor of said last shift
register, a output terminal of the first shift register being
connected with the ON voltage timing signal input terminal of
anext shift register; the clock signal input terminal of the shift
registers with odd sequence numbers inputting a clock signal,
the clock signal input terminal of the shift registers with even
sequence numbers inputting a clock inverted signal.
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[0005] Each of said shift registers except for the last shift
register further includes: a fifth field effect transistor; a gate of
said fifth field effect transistor being connected with the gate
of the fourth field effect transistor and the output terminal of
the next shift register, a source and a drain of said fifth field
effect transistor being connected with the gate of the third
field effect transistor and the low voltage input terminal,
respectively, a gate of the fifth field effect transistor of the last
shift register being connected with the gate of the fourth field
effect transistor and the output terminal of said last shift
register.

[0006] Each of said shift registers further includes: sixth,
seventh, eighth, ninth, and tenth field effect transistors, and a
clock inverted signal input terminal; the clock inverted signal
input terminal being connected with gates of the ninth field
effect transistor and tenth field effect transistor, a source and
adrain of the ninth field effect transistor being connected with
the source and the drain of the first field effect transistor,
respectively, a source of the tenth field effect transistor being
connected with a gate of the tenth field effect transistor, a
drain of the tenth field effect transistor being connected with
asource of the seventh field effect transistor and a drain of the
eighth field effect transistor and a gate of the sixth field effect
transistor, a gate of the seventh field effect transistor being
connected with a drain of the seventh field effect transistor, a
drain of the seventh field effect transistor being connected
with the clock signal input terminal, a gate of the eighth field
effect transistor being connected with the output terminal of
said shift register, a source of the eighth field effect transistor
being connected with the low voltage input terminal, a source
and a drain of the sixth field effect transistor being connected
with the low voltage input terminal and a drain of the fourth
field effect transistor, respectively.

[0007] At the shift registers with odd sequence numbers,
the clock signal input terminal inputs the clock signal and the
clock inverted signal input terminal inputs the clock inverted
signal.

[0008] At the shift registers with even sequence numbers,
the clock signal input terminal inputs the clock inverted signal
and the clock inverted signal input terminal inputs the clock

signal.

[0009] Said shift registers are set on edge position of the
array substrate.

[0010] The invention provides a gate driving device for

TFT LCD, which obtains a gate driving signal voltage by
directly depositing the shift registers on the substrate, thus
overcoming the shortage of needing the driving chip to obtain
the gate driving signal in the prior art, reducing the production
cost, simplifying the process and improving the quality of
picture.

[0011] Theinventionwill be further described in detail with
the specific embodiments in conjunction with the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a connection block diagram of a plurality
of shift registers in an embodiment of the invention;

[0013] FIG. 2 is an J/O timing diagram of the invention;
[0014] FIG. 3 is a circuit diagram of an nth shift register in
an embodiment of the invention;

[0015] FIG. 4 is a circuit diagram of an nth shift register in
another embodiment of the invention;,

[0016] FIG. 5 is a connection block diagram of a plurality
of shift registers in another embodiment of the invention;
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[0017] FIG. 6 is a circuit diagram of an nth shift register in
yet another embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0018] FIG. 1is a connection block diagram of a plurality
of shift registers in an embodiment of the invention. FIG. 2 is
an input/output timing diagram of the invention. In FIG. 2,
STVP is an ON voltage timing signal. STVP is only input to
the first shift register, the ON voltage timing signal of the
second shift register is the output signal X1 of the first shift
register (X1 and OUT1 output signal are the same), and such,
the STVP signal of the (n+1)th shift register is input by the
output signal Xn of the nth shift register. CKV is a clock
signal. CKVB is an inverted signal of the CKV signal. The
CKYV signal is input to odd shift registers, that is, the first shift
register, the third shift register . . . CKVB signal is input to
even shift registers, that is, the second shift register, the fourth
register . . . Voff is a low voltage of -5V~—10V. The output
signals of the shift registers are OUT1, OUT2 .. . OUTn,
OUTn+1. Except for the last shift register, signal of each
output terminal is fed back to a previous shift register. The
feedback signal of (n+1)th (n is the sequence number of the
shift register) is fed back from its own output terminal. The
TFT LCD employs the progressive scanning manner in which
in a same line, the gates of the TFTs connected in serial with
respective liquid crystal pixels are connected together, and
ON and OFF of all of the TFTs in the same line can be
simultaneously controlled with the line gate driving voltage.
Assuming that there are (n+1) lines of the liquid crystal pixels
on the panel, (n+1) shift registers are required to output gate
signal voltages. FIG. 1 shows the connection relationship
between the plurality of shift registers. This embodiment
achieves the purpose of removing the driving chip by obtain-
ing the gate driving signal voltage with the shift registers
directly deposited on the substrate.

[0019] FIG. 3 is a circuit diagram of an nth shift register in
an embodiment of the invention. The nth shift register con-
tains three input terminals, that is, a clock signal input termi-
nal CK1, an STVP a signal input terminal STVPIN and a Voff
signal input terminal VoffIN, four field effect transistors T1,
T2, T3 and T4, a capacitor C1, and two output terminals
OUTn and Xn. The Sn-1 input terminal inputs the ON voltage
timing signal output by the previous shift register, that is, the
(n-1)th shift register. The Y output terminal outputs the signal
fed back by the (n+1)th output terminal OUTn+1 of the (n+1)
th shift register. The Y signal terminals of the shift registers
except for the (n+1)th shift register have no input. For the shift
registers with n being odd, the clock signal input terminal
CK1 inputs CKV signal. For the shift registers with n being
even, the clock signal input terminal CK1 inputs CKVB sig-
nal. The operation principle of the shift register will be
described with reference to FIGS. 2 and 3 hereinafter. For the
shift registers with n being odd, the terminal CK1 inputs CK'V
signal; when the Sn-1 inputs a high level, the transistors T1
and T3 are turned ON, and the output signal OUTn coincides
with the CKV signal (for the even shift registers, the CKV
signal input terminal CK1 inputs CK'VB signal, and the out-
put signal OUTn coincides with the CKVB signal). When the
CKYV signal is at a high level, OUTn and Xn output a high
level, therefore obtaining the purpose of outputting the gate
driving signal voltage. When the Sn-1 inputs ahigh level OFF,
the transistor T1 is turned OFF, and the node N1 below the
transistor T1 still remains the high level and the transistor T3
remains ON, because the voltage of the node N1 is not pulled
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down by a low level. Further, since the CKV signal remains
the high level output, OUTn and Xn remain the high level
output. When the CKV signal outputs a low level, OUTn and
Xn output a low level. At the same time, the output signal
OUTn+1 of the (n+1)th shift register outputs a high level to
the nth shift register, the transistor T4 is turned ON, and the
low level output by Voff is connected with the transistor T4,
therefore protecting the low level output of OUTn. For the
n+1 shift registers for processing a frame of image signal
shown in FIG. 1, the CKV signal controls the output of the
odd shift registers, and the CKVB signal controls the output
of the even shift registers. When the gate driving signal volt-
age output by the previous shift register is a high level OFF,
the TFTs of the previous line are turned OFF. The next shift
register subsequently outputs the gate driving signal voltage
ofhigh level, and the TF T's of the next line are turned ON, thus
realizing the progressive scanning of the LCD. When the
output OUTn+1 of the last shift register outputs a high level,
the signal of OUTn+1 is input to the Y signal input terminal,
and the transistor T2 is turned ON. The (n+1)th shift register
has a high level output, and the other shift registers remains
the low level output, thus avoiding the influence on the next
frame of image signal.

[0020] FIG. 4 is a circuit diagram of an nth shift register in
another embodiment of the invention. As compared with the
previous embodiment, this embodiment has an additional
field effect transistor T5. The operation principle of the shift
register will be described with reference to FIGS. 2 and 4
hereinafter. For the shift registers with n being odd, the ter-
minal CK1 inputs the CKV signal; when the Sn-1 outputs a
high level, the transistors T1 and T3 are turned ON, and the
output signal OUTn coincides with the CKV signal. When the
CKYV signal is at a high level, OUTn and Xn output a high
level, thus obtaining the purpose of outputting the gate driv-
ing signal voltage. When the Sn-1 outputs a high level OFF,
the transistor T1 is turned OFF, and the node N1 below the
transistor T1 remains the high level and the transistor T3
remains ON, because the voltage of the node N1 is not pulled
down by a low level. Further, since the CKV signal remains
the high level output, OUTn and Xn remains the high level
output. When the CKV signal output a low level, OUTn and
Xn output a low level. At the same time, the output signal
OUTn+1 of the (n+1)th shift register outputs a high level to
the nth shift register, the transistors T4 and T5 are turned ON,
and the low level output by Voff is connected with the tran-
sistors T4 and T5, thus maintaining the low level output of
OUTn. When the transistor T5 is turned ON, the gate of the
transistor T3 keeps the low level stable, protecting the output
signal from the influence by the input CK'V signal, thus main-
taining the low level output after the high level OFF of the
output signal. For the shift registers with n being even, the
clock signal input terminal CK1 inputs the CKVB signal.
Except for the above, the operation principle of the even shift
registers is the same as that of the odd shift registers, and the
details thereof will be omitted.

[0021] FIG. 5 is a connection block diagram of a plurality
of shift registers in another embodiment of the invention. FIG.
6 is a circuit diagram of an nth shift register in another
embodiment of the invention. In this embodiment, the shift
register has four input terminals, that is, a clock signal input
terminal CK1, an STVP signal input terminal STVPIN, a Voff
signal input terminal VoffIN, and a clock inverted signal input
terminal CK2. The operation principle of the shift register
will be described with reference to FIGS. 5 and 6 hereinafter.
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For the shift registers with n being odd, the terminal CK1
inputs the CKV signal, and the terminal CK2 inputs the
CKVB signal. When the Sn-1 outputs a high level, the tran-
sistors T1 and T3 are turned ON, and the output signal OUTn
coincides with the CKV signal. When CKV signal is at high
level, OUTn and Xn output a high level, thus achieving the
purpose of outputting the gate driving signal voltage. When
the Sn-1 outputs a high level OFF, transistor T1 is OFF, the
node N1 below the transistor T1 remains the high level and
the transistor T3 remains ON, because the voltage of the node
N1 is not pulled down by a low level. Further, since the CKV
signal remains the high level output, OUTn and Xn remains
the high level output. When the CKV signal outputs a low
level, OUTn and Xn output a low level, and the CKVB signal
outputs a high level at this time. At the same time, the output
signal OUTn+1 of the (n+1)th shift register outputs a high
level to the nth shift register, and the transistors T4, T5, T6, T9
and T10 are turned ON. Since the CKVB signal outputs a low
level at this time, after the transistor T9 is turned ON, the node
N1 turns to a low level, and the low level output by Voff is
connected with the transistors T4, TS, T6, so that the low level
output of OUTn is maintained. Here, if the node N1 remains
a high level and unstable floating state, it likely results in an
unstable output signal voltage, thus affecting the quality of
the picture. In this embodiment, the addition of the CKVB
signal changes the voltage on the node N1 to the low level,
avoiding the floating of the voltage on the N1 and ensuring the
stability of the output signal voltage. Further, since the CKV
signal (mainly being a high voltage) will interfere with the
voltage on the node N1 and the voltage on the output terminal,
the capacitor C1 can function as stabilizing the output volt-
age. For the n+1 shift registers for processing a frame of
image signal shown in FIG. 5, when the output OUTn+1 of
the last shift register outputs a high level, the signal of
OUTn+1 is input to the Y signal input terminal. The transistor
T2 is turned ON, the (n+1)th shift register has a high level
output, and the other shift registers remains the low level
output, thus avoiding the influence on the next frame of image
signal. For the shift registers with n being even, there are also
four input terminals with the difference in that the CKVB
signal is input to the clock signal input terminal CK1, and the
CKYV signal is input to the clock inverted signal input terminal
CK2. The operation principle thereof is the same as that of the
shift registers with n being odd. As compared with the previ-
oustwo embodiments, in this embodiment, the transistors T6,
T7, T8, T9 and T10 are incorporated which can stabilize the
output gate driving signal voltage, thus improving the quality
of the picture of the LCD.

[0022] The structure of the shift register in the invention is
not limited to the above embodiments. The stability of the
voltage on the node N1 below the transistor T1 and the output
signal voltage can be ensured by adding field effect transistors
or by other means.

[0023] The shift register in the above embodiments can be
realized by 5-layer mask process or 4-layer mask process, by
arranging the field effect transistors on the margin part out-
side the active region on the substrate or at the edge of the
substrate, and then directly depositing them on an array sub-
strate. The material constructing the channel of the field effect
transistors may be semiconductor such as amorphous silicon
and polycrystalline silicon, etc.

[0024] The invention obtains a gate driving signal voltage
by the shift registers directly deposited on the substrate with-
out additional a driving chip, thus substantially reducing the
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cost for producing the LCDs. In general, an LCD of 17 inch
requires designing four gate pad regions for each module, and
requires four film layers and four driving chips. With the
present invention producing one module, the cost of four
chips can be saved, while simplifying the process.

[0025] Finally, it is noted that the above embodiments is
only for explaining the technical solution of the invention,
and not for limitation. Although the invention has been
described in detail with reference to the preferred embodi-
ments, those skilled in the art would appreciated that the
technical solution of the invention can be modified, or part of
the features thereof can be replaced, without departing from
the spirit and scope of the invention.

1. A gate driving device for Thin Film Transistor liquid
crystal display, characterized in comprising: a plurality of
sequentially connected shift registers, directly deposited on
an array substrate; each of said shift registers including: first,
second, third, and fourth field effect transistors, a capacitor,
and an ON voltage timing signal input terminal, a clock signal
input terminal and a low voltage input terminal; the ON
voltage timing signal input terminal being connected with a
drain of the first field effect transistor, a gate of the first field
effect transistor being connected with a drain of the first field
effect transistor, the clock signal input terminal being con-
nected with a drain of the third field effect transistor, the
capacitor being connected between a source and a gate of the
third field effect transistor, a drain and a source of the fourth
field effect transistor being connected with the source of the
third field effect transistor and the low voltage input terminal,
respectively, a source and a drain of the second field effect
transistor being connected with the source of the first field
effect transistor and the low voltage input terminal, respec-
tively; a output terminal of each of said shift registers except
for a first shift register and alast shift register being connected
with a gate of the fourth field effect transistor of a previous
shift register and the ON voltage timing signal input terminal
of a next shift register; a output terminal of the last shift
register being connected with a gate of the fourth field effect
transistor of a previous shift register and a gate of the second
field effect transistor of said last shift register, a output termi-
nal of the first shift register being connected with the ON
voltage timing signal input terminal of a next shift register;
the clock signal input terminal of the shift registers with odd
sequence numbers inputting a clock signal, the clock signal
input terminal of the shift registers with even sequence num-
bers inputting a clock inverted signal.

2. The gate driving device for Thin Film Transistor liquid
crystal display according to claim 1, characterized in that
each of said shift registers except for the last shift register
further includes: a fifth field effect transistor; a gate of said
fifth field effect transistor being connected with the gate of the
fourth field effect transistor and the output terminal of the
next shift register, a source and a drain of said fifth field effect
transistor being connected with the gate of the third field
effect transistor and the low voltage input terminal, respec-
tively, a gate of the fifth field effect transistor of the last shift
register being connected with the gate of the fourth field effect
transistor and the output terminal of said last shift register.

3. The gate driving device for Thin Film Transistor liquid
crystal display according to claim 2, characterized in that
each of said shift registers further includes: sixth, seventh,
eighth, ninth, and tenth field effect transistors, and a clock
inverted signal input terminal; the clock inverted signal input
terminal being connected with gates of the ninth field effect
transistor and tenth field effect transistor, a source and a drain
of the ninth field effect transistor being connected with the
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source and the drain of the first field effect transistor, respec-
tively, a source of the tenth field effect transistor being con-
nected with a gate of the tenth field effect transistor, a drain of
the tenth field effect transistor being connected with a source
of the seventh field effect transistor and a drain of the eighth
field effect transistor and a gate of the sixth field effect tran-
sistor, a gate of the seventh field effect transistor being con-
nected with a drain of the seventh field effect transistor, a
drain of the seventh field effect transistor being connected
with the clock signal input terminal, a gate of the eighth field
effect transistor being connected with the output terminal of
said shift register, a source of the eighth field effect transistor
being connected with the low voltage input terminal, a source
and a drain of the sixth field effect transistor being connected
with the low voltage input terminal and a drain of the fourth
field effect transistor, respectively.
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4. The gate driving device for Thin Film Transistor liquid
crystal display according to claim 3, characterized in that at
the shift registers with odd sequence numbers, the clock sig-
nal input terminal inputs the clock signal and the clock
inverted signal input terminal inputs the clock inverted signal.

5. The gate driving device for Thin Film Transistor liquid
crystal display according to claim 3, characterized in that at
the shift registers with even sequence numbers, the clock
signal input terminal inputs the clock inverted signal and the
clock inverted signal input terminal inputs the clock signal.

6. The gate driving device for Thin Film Transistor liquid
crystal display according to any one of claims 1 to 5, charac-
terized in that said shift registers are set on edge position of
the array substrate.
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