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57 ABSTRACT

An electrostatic discharge protection device, an electrostatic
discharge protection structure, and a manufacturing process
of the device are provided. The electrostatic discharge pro-
tection device includes at least four doping regions, wherein
two adjacent regions are of different types. The electrostatic
discharge protection structure includes an electrostatic dis-
charge bus, a plurality of first electrostatic discharge protec-
tion devices connecting to the gates of the display transistors
and the electrostatic discharge bus, a plurality of second elec-
trostatic discharge protection devices connecting to the
source/drain of the transistors and the electrostatic discharge
bus, and a plurality of third electrostatic discharge protection
devices connecting to the input/output terminals of the drive
circuit of the display and the electrostatic discharge bus.

8 Claims, 6 Drawing Sheets
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FIG. 1 (Prior Art)
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forming a semiconductor |/~ 601
substrate on a glass substrate
l e 602

defining at least four doping regions

l - 603

doping P+ ions into regions which are
defined as P+ regions

l - 604

doping N+ ions into regions which are
defined as N+ regions

605

I

doping N- ions into regions which
are defined as N—regions

l - 606

forming an insulating layer
overlaying all the doping regions

l - 607

forming a gate above the N— regions
or the intrinsic doping regions

l , 608

performing an overall P— doping
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ELECTROSTATIC DISCHARGE
PROTECTION STRUCTURE AND
ELECTROSTATIC DISCHARGE
PROTECTION DEVICE FOR A LIQUID
CRYSTAL DISPLAY, AND METHOD OF
MAKING THE SAME

This application claims the benefit from the priority of
Taiwan Patent Application No. 095138797 filed on Oct. 20,
2006, the disclosures of which are incorporated by reference
herein in their entirety.

CROSS-REFERENCES TO RELATED
APPLICATIONS

Not applicable.
BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an electrostatic discharge
protection structure and device. In particular, the invention
relates to an electrostatic discharge protection structure and
device that provide electrostatic protection for a liquid crystal
display.

2. Descriptions of the Related Art

An electrostatic discharge phenomenon occurs when elec-
trostatic energy is released into electrical circuits, and thus,
suddenly causing a high transient voltage and current. The
high transient voltage and current may damage the electrical
circuits including the internal circuits and the internal con-
ducting wires. Consequently, the protection of the internal
circuits and pixel arrays from electrostatic discharge has
become a serious concern.

When the electrostatic discharge phenomenon occurs, a
large amount of heat is generated in a short period of time due
to its high voltage and high current. In a liquid crystal display,
due to the low coefficient of heat conductivity in the glass
substrate, the heat generated by the electrostatic discharge
phenomenon can not be conducted efficiently via the sub-
strate within a short period of time. Consequently, if the
electrostatic discharge current releases energy through high
resistance paths rather than low resistance paths within a short
period of time, the over-generated heat, without efficient dis-
sipation, will damage devices on the display due to the large
voltage drop in high resistance paths.

To solve problems caused by the electrostatic discharge
phenomenon in liquid crystal displays, an electrostatic dis-
charge protection device is conventionally disposed between
the conductive wires of the pixel arrays of the liquid crystal
display. The liquid crystal display is constructed by many
pixel devices arranged in an array, wherein each of the pixel
devices comprises a transistor to control the deflection degree
of the liquid crystal. The deflection degree allows the liquid
crystal to display various levels of brightness while the light
generated from a backlight source is transmitted through the
pixel device. Currently, a thin-film transistor is frequently
used as a control transistor, which can be directly formed onto
the glass substrate of the liquid crystal display. Consequently,
the thin-film pixel array is formed with the pixel device array.
The thin-film pixel array is controlled by a gate bus and a data
bus. The gate bus comprises a plurality of conducting wires
and each conducting wire connects with a plurality of thin-
film transistor gates. Similarly, the data bus connects with a
plurality of source/drains of the thin-film transistors. Each of
the electrostatic discharge protection devices is disposed on
each of'the conducting wires as shown in FIG. 1. FIG. 1 shows
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a schematic view illustrating a conventional electrostatic dis-
charge protection structure, wherein a data bus 11 connects to
the source/drains of the thin-film transistors to write data
therein, and a gate bus 12 connects to the gates of the thin-film
transistors to turn-on or turn-off the thin-film transistors. FIG.
1 only shows the portion of the thin-film transistors in the
thin-film pixel array. In this structure, each conducting wire of
the data bus 11 and the gate bus 12 connects to an electrostatic
discharge protection bus 13 through an electrostatic discharge
protection device 101. It is noted that both ends of each
conducting wire connects to the electrostatic discharge pro-
tection bus through the electrostatic discharge protection
device 101.

Unfortunately, the conventional electrostatic discharge
protection structure still has its drawbacks. With technologi-
cal advances, drive circuits have been integrated with thin-
film transistors. In other words, the drive circuit and the
thin-film transistors are formed on the same substrate. With
this integration, the conventional structure can not provide
electrostatic discharge protection for the drive circuit, result-
ing in damage to the drive circuit on the display.

Furthermore, when the turn-on voltage of the designed
electrostatic discharge protection devices is not high enough,
the working voltage applied to the thin-film transistors during
the panel of the display being lighted up will cause the current
of the electrostatic discharge protection devices which con-
nect with the thin-film transistors to leak. Because conven-
tional electrostatic discharge protection structures dispose a
large amount of electrostatic discharge protection devices
around the thin-film pixel array, the current leakage will affect
the normal operation of the display. When the conduction
voltage of the electrostatic discharge protection device is
excessively high, damage will occur to the devices on the
display during electrostatic discharge due to the discharge
current flowing through high resistance paths without an
effective release of energy.

According to the aforementioned descriptions, an electro-
static discharge protection structure that not only is capable of
protecting a liquid crystal display with an integrated drive
circuit and thin-film transistor, but also can maintain normal
operation during the current leakage of the electrostatic dis-
charge protection device, is needed. Consequently, an inte-
grated electrostatic discharge protection structure with elec-
trostatic discharge protection devices and low current
leakages needs to be developed in this field.

SUMMARY OF THE INVENTION

The primary objective of this invention is to provide an
electrostatic discharge protection structure for use in a liquid
crystal display with a thin-film pixel array and drive circuit.
The electrostatic discharge protection structure comprises an
electrostatic discharge bus, a plurality of first electrostatic
discharge protection devices, a plurality of second electro-
static discharge protection devices, and a plurality of third
electrostatic discharge protection devices. The first electro-
static discharge protection devices connect to the gates of the
thin-film transistors and the electrostatic discharge bus. The
second electrostatic discharge protection devices connect to
the source/drains of the thin-film transistors and the electro-
static discharge bus. The third electrostatic discharge protec-
tion devices connect to the input/output terminals of the drive
circuit and the electrostatic discharge bus. The thin-film pixel
array comprises a plurality of gate lines to connect the gates of
the thin-film transistors, and a plurality of data lines to con-
nect the source/drains of the thin-film transistors. The drive
circuit connects with the gate lines and the data lines.
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Another objective of this invention is to provide an elec-
trostatic discharge protection device for use in a liquid crystal
display with a thin-film pixel array. The electrostatic dis-
charge protection device comprises a glass substrate, a semi-
conductor substrate formed on the glass substrate, a first
doping region, a second doping region, a third doping region,
and a fourth doping region. The first, second, third and fourth
doping regions are formed within the semiconductor sub-
strate in series, in which the first, second, third and fourth
doping regions can be one of a P-type doping region, an
N-type doping region, and an intrinsic region, individually.
Two adjacent doping regions are also of different types.

Yet another objective of the invention is to provide a
method for manufacturing an electrostatic discharge protec-
tion device for use in a liquid crystal display with a thin-film
pixel array. The method comprises the following steps: form-
ing a semiconductor substrate on the glass substrate; defining
the first, second, third and fourth doping regions within the
semiconductor substrate; and doping the first, second, third
and fourth doping regions into one of a P-type doping region,
an N-type doping region, and an intrinsic region, individually,
wherein two adjacent doping regions are of different types.

The invention not only protects the liquid crystal display,
which has an integrated drive circuit and thin-film transistor,
but also prevents the current leakage of the electrostatic dis-
charge protection devices from affecting the normal opera-
tion of the display.

The detailed technology and preferred embodiments
implemented for the subject invention are described in the
following paragraphs accompanying the appended drawings
for people skilled in this field to well appreciate the features of
the claimed invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view illustrating a conventional elec-
trostatic discharge protection structure;

FIG. 2 illustrates the first embodiment of the present inven-
tion;

FIG. 3 illustrates the second embodiment of the present
invention;

FIG. 4(a) to FIG. 4(e) are schematic views illustrating the
doping regions of the thin-film silicon-controlled-rectifier
(TF-SCR);

FIG. 5(a) to FIG. 5(d) are schematic views illustrating
equivalent structures of the TF-SCR; and

FIG. 6 illustrates the third embodiment of the present
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 2 shows the first embodiment of the present invention
which provides an electrostatic discharge protection structure
located between a drive circuit 21 and a pixel array 22 which
are integrated. Each output terminal of the drive circuit con-
nects to a gate and a source/drain of each thin-film transistor
in the pixel array 22, respectively. In FIG. 2, a schematic view
only illustrating the connection between the pixel array 22
and the drive circuit 21 is shown. A data line 211 connects to
the source/drains of the thin-film transistors arranged in a
column in the pixel array. In FIG. 2, only a portion of a
thin-film transistor 221 and a thin-film transistor 223 connect-
ing to the data line 211 is shown. Similarly, the source/drains
of thin-film transistors 222 and 224 connect to a data line 213.
Gates of the thin-film transistor 221 and the thin-film transis-
tor 222 connect to the gate line 212. Gates of the thin-film
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transistor 223 and the thin-film transistor 224 connect to the
gate line 214. These data lines and gate lines are all outputs of
the drive circuit 21. Meanwhile, the drive circuit 21 comprises
a plurality of input/output terminals. More specifically, the
drive circuit 21 comprises a gate driver 21a and a data driver
215, in which the gate driver 21a electrically connects to the
gate lines 212, 214 and the data driver 215 electrically con-
nects to the data lines 211, 213, respectively. Only a portion of
the input/output terminals are shown in FIG. 2, such as input/
output terminals 231 and 232.

In the first embodiment, the electrostatic discharge protec-
tion devices of the electrostatic discharge protection structure
are disposed on all data lines, gate lines and input/output
terminals. For example, electrostatic discharge protection
devices 241 and 243 are connected with the data line 211,
electrostatic discharge protection devices 242 and 244 are
connected with the data line 213, electrostatic discharge pro-
tection devices 245 and 246 are connected with the gate line
212, electrostatic discharge protection devices 247 and 248
are connected with the gate line 214, an electrostatic dis-
charge protection device 249 is connected with the input/
output terminal 231, and an electrostatic discharge protection
device 250 is connected with the input/output terminal 232.
All of the electrostatic discharge protection devices are con-
nected to an electrostatic discharge protection bus 24.

By connecting to the electrostatic discharge protection bus
24, the display with the integrated drive circuit 21 and the
pixel array 22 can prevent the energy of the electrostatic
discharge from damaging the drive circuit and the pixel array
devices on the display. The electrostatic discharge protection
device suitable for the electrostatic discharge protection
structure can be a thin-film diode, a thin-film transistor (such
as a diode-equivalent TFT), a coupling thin-film transistor
(coupling TFT) or a thin-film silicon-controlled-rectifier (TF-
SCR).

FIG. 3 shows the second embodiment of the present inven-
tion which utilizes a TF-SCR 3 as an infrastructure of the
electrostatic discharge protection device of the electrostatic
discharge protection structure in the liquid crystal display.
Since the snap-back trigger voltage can be designed to be
greater than the normal working voltage of the liquid crystal
display, the working voltage applied to the thin-film transistor
by the liquid crystal display will not trigger the TF-SCR 3 to
generate a snap-back effect. This can prevent the current
leakage from being generated that affects the operation of the
liquid crystal display.

When the electrostatic discharge phenomenon occurs, its
high voltage will be greater than the snap-back trigger voltage
of'the TF-SCR 3. As a result of the snap-back breakdown of
the TF-SCR 3, the discharge voltage is decreased to the con-
duction voltage of the TF-SCR 3. This decrease allows the
voltage to enter the low resistance operation region which is
capable of sustaining a higher electrostatic discharge current
under the same impact of the electrostatic discharge energy.
As a result, the high current generated by electrostatic dis-
charge is guided away from the liquid crystal display to
achieve the protection objective.

The TF-SCR 3 in FIG. 3 comprises a P+ doping region 31,
an N- doping region 32, a P+ doping region 33, an N- doping
region 34, and an N+ doping region 35. The doping regions
are commonly formed on a glass substrate 36, while the
doping regions are formed in a semiconductor substrate. The
semiconductor substrate can be an amorphous silicon layer or
a low temperature poly silicon layer. An electrostatic dis-
charge protection device comprises two TF-SCRs 3 with
inverse conduction directions. Because the electrostatic dis-
charge may occur at any end of the electrostatic discharge
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protection device, two TF-SCRs 3 with inverse conduction
directions provide bidirectional electrostatic discharge paths.

The TF-SCR has many equivalent structures which com-
prise at least four doping regions in series. The doping regions
can individually be one of a P-type doping region, an N-type
doping region and an intrinsic region, wherein two adjacent
doping regions are of different types. FIGS. 4(a) to 4(e) show
schematic views of equivalent structures of the TF-SCR dop-
ing regions. The equivalent structures are all formed on the
glass substrate, wherein FIG. 4(a) illustrates a P+ doping
region 411, an N- doping region 412, a P- doping region 413,
and an N+ doping region 414; FIG. 4(b) illustrates a P+
doping region 421, an N- doping region 422, an intrinsic
doping region 423, and an N+ doping region 424; FIG. 4(c)
illustrates a P+ doping region 431, an intrinsic doping region
432, a P- doping region 433, and an N+ doping region 434;
FIG. 4(d) illustrates a P+ doping region 441, an N- doping
region 442, an intrinsic doping region 443, an N- doping
region 444, and an N+ doping region 445; F1G. 4(e) illustrates
a P+ doping region 451, an intrinsic doping region 452, a P+
doping region 453, an intrinsic doping region 454, and an N+
doping region 455.

It is noted that FIG. 4(a) to FIG. 4(e) are illustrated as
examples. People skilled in the art can refer to the aforemen-
tioned disclosures to understand and practice other equivalent
structures of the TF-SCR.

FIGS. 5(a) to 5(d) show schematic views of equivalent
structures of a TF-SCR that have an insulating layer and a
metallic gate, wherein the insulating layer is used for insulat-
ing the gate and doping region. FIG. 5(a) shows a P+ doping
region 511, an N- doping region 512, a P- doping region 513,
an N+ doping region 514, an insulating layer 516 and a
metallic gate 517. For a TF-SCR, the metallic gate is located
above the P- doping region 513. After the metallic gate is
defined, the whole amorphous silicon layer can be formed by
the N- carrier doping. At this time, the gate metal blocks the
P- doping region 513 from being affected by the N- carrier
doping. As a result, the mask for the N- doping region 512 can
be saved. Similarly, FIG. 5(b) illustrates a P+ doping region
521, an N- doping region 522, an intrinsic doping region 523,
an N- doping region 524, an N+ doping region 525, an
insulating layer 526 and a metallic gate 527, wherein the
metallic gate 527 is formed above the intrinsic doping region
523 for purposes of saving the masks of the N- doping
regions 522 and 524.

Similar structures can be applied for saving the masks for
P- doping regions. FIG. 5(c) shows a P+ doping region 531,
an intrinsic doping region 532, a P- doping region 533, an N+
doping region 534, an insulating layer 536 and a metallic gate
537. For a TF-SCR, the metallic gate is located above the
intrinsic doping region 532. After the metallic gate is defined,
the whole amorphous silicon layer can be formed by P-
carrier doping. At this time, the gate metal blocks the intrinsic
doping region 532 from being affected by the P- carrier
doping. As a result, the mask for the P- doping region 533 can
be saved. FIG. 5(d) illustrates a P+ doping region 541, an
intrinsic doping region 542, a P- doping region 543, an intrin-
sic doping region 544, an N+ doping region 545, an insulating
layer 546 and metallic gates 547 and 548, wherein the metal-
lic gates 547 and 548 are formed above the intrinsic doping
region 542 and 544, respectively, for the purpose of saving the
masks of the P- doping region 543.

FIG. 6 illustrating the manufacturing method for forming
an electrostatic discharge protection device shows the third
embodiment of the present invention. In step 601, a semicon-
ductor substrate is formed on the glass substrate. Next, step
602 is executed to define at least four doping regions within
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the semiconductor layers, wherein two adjacent doping
regions are of different types. Next, step 603 is executed to
dope P+ ions into regions which are defined as P+ regions.
Step 604 is executed to dope N+ ions into regions which are
defined as N+ regions. Step 605 is then executed to dope N-
ions into regions which are defined as N-regions. Step 606 is
executed to form an insulating layer overlaying all the doping
regions. Step 607 is executed to form a gate above the N-
regions or the intrinsic doping regions. Step 608 is executed to
perform an overall P- doping.

The N- ions in step 605 can be substituted by the P- ions.
Correspondingly, the N- region in step 607 is substituted by
the P- region, while the P- ions in the step 608 is substituted
by the N-ions. The aforementioned ordering for each step is
for illustrative purposes only and is not intended to limit the
scope of the invention. For example, step 604 can be executed
prior to step 603.

According to the aforementioned descriptions, the inven-
tion not only protects the liquid crystal display, which has an
integrated drive circuit and thin-film transistor, but also pre-
vents the current leakage of the electrostatic discharge pro-
tection devices from affecting the normal operation of the
display.

The above disclosure is related to the detailed technical
contents and inventive features thereof. People skilled in this
field may proceed with a variety of modifications and replace-
ments based on the disclosures and suggestions of the inven-
tion as described without departing from the characteristics
thereof. Nevertheless, although such modifications and
replacements are not fully disclosed in the above descrip-
tions, they have substantially been covered in the following
claims as appended.

What is claimed is:

1. An electrostatic discharge protection structure for use in
a liquid crystal display having a pixel array and a plurality of
drive circuits, the pixel array having a plurality of thin-film
transistors each having a gate, a source and a drain, a plurality
of gate lines, each electrically connected to the gate of the
corresponding transistor, and a plurality of data lines each
electrically connected to the source/drain of the correspond-
ing transistor, each drive circuit having an input/output ter-
minal electrically connected to the gate lines and the data
lines, the electrostatic discharge protection structure com-
prising:

an electrostatic discharge bus;

a plurality of first electrostatic discharge protection
devices, each first discharge protection device being
electrically connected to the gate of the corresponding
transistor and the electrostatic discharge bus;

a plurality of second electrostatic discharge protection
devices, each second electrostatic discharge protection
devices being electrically connected to the source/drain
of the corresponding transistor and the electrostatic dis-
charge bus; and

a plurality of third electrostatic discharge protection
devices, each third electrostatic discharge protection
devices being electrically connected to the input/output
terminals of the corresponding drive circuit and the elec-
trostatic discharge bus;

wherein each of the first, second and third electrostatic
discharge protection devices comprising a glass sub-
strate and a semiconductor substrate formed on the glass
substrate, the semiconductor substrate being formed
with a first, a second, a third and a fourth doping regions,
which are formed within the semiconductor substrate in
series, each being one of a P-type doping region, an
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N-type doping region and an intrinsic region, and two of
the adjacent doping regions are of different types.

2. The electrostatic discharge protection structure as
claimed in claim 1, wherein each of the first, second and third
electrostatic discharge protection devices comprises a thin-
film silicon-controlled-rectifier (TF-SCR).

3. The electrostatic discharge protection structure as
claimed in claim 1, wherein each of the electrostatic dis-
charge protection devices further comprises:

a metallic gate; and

an insulating layer, formed between the metallic gate and

the first, second, third and fourth doping regions for
insulating the metallic gates from the first, second, third
and fourth doping regions;

wherein the metallic gate is disposed above at least one of

the first, second, third and fourth doping regions.

4. The electrostatic discharge protection structure as
claimed in claim 1, wherein the semiconductor substrate
comprises an amorphous silicon layer or a low temperature
poly silicon layer.

5
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5. A method for manufacturing an electrostatic discharge
protection device for use in a liquid crystal display having a
thin-film pixel array, the method comprising:

forming a semiconductor substrate on a glass substrate;

defining a first, a second, a third and a fourth doping

regions on the semiconductor substrate; and

doping the first, second, third and fourth doping regions so

as to form at least one of a P-type doping region, an
N-type doping region, and an intrinsic region; wherein
the two adjacent doping regions are of different types.

6. The method as claimed in claim 5, wherein the semicon-
ductor substrate comprises an amorphous silicon layer or a
low temperature poly silicon layer.

7. The method as claimed in claim 5, further comprising:

forming an insulating layer covering the first, second, third

and fourth doping regions; and

forming a gate above the insulating layer.

8. The method as claimed in claim 7, wherein the gate is
made of a conductive material.
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