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FIG. 1 (Prior Art)
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LIQUID CRYSTAL DISPLAY APPARATUS
AND BANDGAP REFERENCE CIRCUIT
THEREOF

[0001] This application claims the benefit of priority based
on Taiwan Patent Application No. 096151404, filed on Dec.
31, 2007, the contents of which are incorporated herein by
reference in their entirety.

CROSS-REFERENCES TO RELATED

APPLICATIONS
[0002] Not applicable.
BACKGROUND OF THE INVENTION
[0003] 1. Field of the Invention
[0004] The present invention relates to a liquid crystal dis-

play (LCD) apparatus with a system-on-glass (SOG) and a
bandgap reference (BGR) circuit for use in the SOG

[0005] 2. Descriptions of the Related Art

[0006] In recent years, flat panel displays have rapidly
developed and replaced conventional cathode ray tube (CRT)
displays. Current flat panel displays include: organic light-
emitting diode displays (OLEDs), plasma display panels
(PDPs), liquid crystal displays (LCDs), and field emission
displays (FEDs). Among these flat panel displays, LCDs have
developed into the mainstream product in the display market
due to their advantages such as low power consumption, light
weight, slim profiles and high definition.

[0007] A typical LCD comprises a lot of drive circuits and
control circuits, both of which require fixed reference volt-
ages to maintain normal operation. If there was no fixed
reference voltage provided for these circuits to maintain nor-
mal operation, disoperation or improper display would occur
to the LCD. In the integrated circuit (IC) technologies of the
prior art, there are a wide variety of circuits capable of gen-
erating fixed reference voltages. When an LCD is powered
on, it will experience a considerable variation in the internal
temperature. Therefore, bandgap reference (BGR) voltages,
which are insensitive to temperature, become the important
source of reference voltages required in various drive circuits
and control circuits of LCDs.

[0008] As shown in FIG. 1, a typical BGR circuit 1 com-
prises a current mirror set 11, a diode set 13, a first resistor 15,
asecond resistor 17, a power terminal V,,,, a ground terminal
Vsand areference voltage node V.. The current mirror set
11 comprises a plurality of transistors 110, 111, 112, 113,
114. The transistors 110, 111, 112 form a current mirror,
while the transistors 113 and 114 form the other current
mirror. The current mirrors included in the current mirror set
11 are used in conjunction to generate identical fixed currents
I,,,1,, and 1, . The diode set 13 comprises a plurality of
diode-connected bipolar junction transistors (BJTs) 131, 132,
133. When the fixed currents I, ,I,, and I, _flow through the
first resistor 15, the second resistor 17, and the BJTs 131, 132,
133 of the diode set 13, a BGR voltage immune to interfer-
ence from temperature variation will be generated at the
reference voltage node V ..

[0009] Another kind of BGR circuit 2 is shown in FIG. 2.
The BGR circuit 2 comprises a plurality of transistors 21, 22,
an operational amplifier (OPAMP) 23, a diode set 24, a first
resistor 25, a second resistor 26, a third resistor 27, a power
terminal V 5, a ground terminal V ¢, and a reference voltage
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node V gz The transistors 21, 22, the OPAMP 23, the first
resistor 25, and the second resistor 26 are used in conjunction
to generate identical fixed currents I,, and 1,,. Likewise, the
diode set 24 comprises a plurality of diode-connected BJTs
241, 242. When the fixed currents I,,, and I, flow through the
third resistor 27 and the BJTs 241, 242 of the diode set 24, a
BGR voltage immune to interference from temperature varia-
tion will be generated at the reference voltage node V.
[0010] In an attempt to further minimize volume of an
LCD, manufacturers have developed a manufacturing tech-
nology known as a system-on-glass (SOG) method, i.e., the
originally independent drive circuits and control circuits are
formed directly on a display panel, thereby to save both space
and cost required to separately manufacture the drive circuits
and control circuits. Conventional BGR circuits used in the
aforesaid drive circuits and control circuits all use diode-
connected BITs and a plurality of fixed currents to generate a
BGR voltage. However, the characteristics of the BITs make
it impossible to form the BJTs onto a glass substrate through
prior art manufacturing processes. Consequently, BGR cir-
cuits with BJTs cannot be applied in an LCD manufactured
using the SOG technology.

[0011] In view of this, it is important to manufacture a
reference voltage generating circuit that can be made on a
glass substrate and also provide a BGR voltage insensitive to
temperature.

SUMMARY OF THE INVENTION

[0012] Inview of the aforesaid problems confronted by the
prior art, the primary objective of this invention is to provide
an LCD comprising an SOG and a BGR circuit formed on the
SOG. The BGR circuit, which is configured to generate a
BGR voltage, comprises a first power terminal, a second
power terminal, a current mirror set and a diode set. The
current mirror set is coupled to the first power terminal and is
configured to generate a plurality of fixed currents. The diode
set, which is formed by a plurality of diode-connected Thin
Film Transistors (TFTs), is coupled to the current mirror set
and the second power terminal and is configured to generate
a BGR voltage according to the fixed currents.

[0013] To make it possible to form a BGR circuit on an
SOG, BITs employed in the prior art technologies are
replaced by TFTs in this invention. As TFTs have much the
same electrical characteristics as BITs, the problem that a
BGR circuit having BJTs cannot be made on an SOG is
solved. As a result, the BGR circuit with TFTs of this inven-
tion will not only be capable of generating a BGR voltage
insensitive to temperature, but also be made on an SOG, thus
achieving a miniaturized LCD apparatus.

[0014] The detailed technology and preferred embodi-
ments implemented for the subject invention are described in
the following paragraphs accompanying the appended draw-
ings for people skilled in this field to well appreciate the
features of the claimed invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1isa schematic diagram illustrating a bandgap
reference (BGR) circuit of the prior art;

[0016] FIG. 2 is a schematic diagram illustrating another
bandgap reference (BGR) circuit of the prior art;

[0017] FIG. 3 is a schematic diagram illustrating the first
embodiment of this invention;
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[0018] FIG.4isaschematic diagram illustrating the second
embodiment of this invention; and

[0019] FIG. 5 is a schematic diagram illustrating the third
embodiment of this invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0020] Inthe description that follows, the present invention
will be described with reference to embodiments that
describe an LCD apparatus and a BGR circuit thereof. The
BGR circuit generates a stable reference voltage insensitive
to temperature due to the characteristics of circuits and ele-
ments thereof However, these embodiments are not intended
to limit this invention to any specific context, applications or
particular implementations described in these embodiments.
Therefore, description of these embodiments is only intended
to illustrate rather than to limit this invention. It should be
noted that in the following embodiments and attached draw-
ings, elements not directly related to this invention are omit-
ted from depiction; and for ease of understanding, dimen-
sional relationships among individual elements are depicted
in an exaggerated manner.

[0021] As shown in FIG. 3, a first embodiment of this
invention is a BGR circuit 3 formed on an SOG of an LCD
apparatus. The BGR circuit 3 comprises a current mirror set
31, adiode set 33, a firstresistor 35, a second resistor 37, a first
power terminal, a second power terminal, and a reference
voltage node V... For example, in this embodiment, the first
power terminal is a power terminal V,,,,, and the second
power terminal is a ground terminal Vg The power terminal
V p 18 adapted to supply a stable direct current (DC) supply.
The current mirror set 31 comprises a plurality of transistors
310, 311, 312, 313, 314. The transistors 310, 311, 312 form a
first current mirror, while the transistors 313, 314 form a
second current mirror. The transistors 310, 311, 312 of the
first current mirror are coupled to the power terminal V,,
individually, in which the transistors 310, 311 are also
coupled to transistors 313, 314 of the second current mirror.
Due to the electrical characteristics of the current mirrors, the
current mirror set 31 is able to generate a plurality of identical
fixed currents I, ,, 1,,, and I, . The current mirror set 31 in this
embodiment includes two current mirrors. However, this
invention is not just limited thereto, i.e., the current mirror set
31 may also include only a single current mirror or more than
two current mirrors. Those of ordinary skill in the art may use
other numbers of current mirrors to achieve the objectives of
this invention, and therefore descriptions thereof will be omit-
ted herein.

[0022] The diode set 33 is formed by a plurality of diode-
connected TFTs, i.e., TFTs with electrical characteristics
similar to those of diodes. The diode set 33, which is coupled
to the current mirror set 31 and the ground terminal Vg,
generates a BGR voltage at the reference voltage node V..
according to the first resistor 35, the second resistor 37, and
the identical fixed currents I, I,,, and I,  generated by the
current mirror set 31.

[0023] More specifically, the diode set 33 shown in FIG. 3
is formed entirely by N-type TFTs, i.e., comprises a plurality
of N-type TFTs 331, 332 and 333. The N-type TFT 331
includes a gate 331¢, a drain 331¢ and a source 3315, the
N-type TFT 332 includes a gate 332¢, a drain 332q and a
source 332b; and the N-type TFT 333 includes a gate 333¢, a
drain 3334 and a source 3335. To connect these N-type TFTs
of the diode set 33 ina diode form, the gates 331¢, 332¢,333¢
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of the TFTs 331, 332, 333 are coupled to the drains 331a,
3324, 333a of the TFTs 331, 332, 333 respectively. The
sources 3315, 3325, 333b of the TFTs 331, 332, 333 are
coupled to the ground terminal V. The drains 331a, 3324,
333a of the TFTs 331, 332, 333 receive the identical fixed
currents I, , I,, and I generated by the current mirror set 31.
In combination with the first resistor 35 and the second resis-
tor 37, these identical fixed currents I, 15,, and 15, will
generate a BGR voltage at the reference voltage node V.

[0024] In summary, to obtain a stable reference voltage, a
current mirror set 31 and a diode set 33 are provided in the
BGR circuit 3 to form a biasing circuit. Due to the differences
between the current and voltage characteristics of the TFTs,
the TFTs of the diode set 33 is able to generate a stable BGR
voltage insensitive to temperature at the reference voltage
node VREF according to the identical fixed currents 15, I3,
and I, generated by the current mirror set 31.

[0025] FIG. 4 illustrates a second embodiment of this
invention, which is another BGR circuit 4 formed on the SOG
of an LCD apparatus. The BGR circuit 4 comprises a current
mirror set 31, a diode set 41, a first resistor 35, a second
resistor 37, a power terminal V ,,, a ground terminal Vo and
a reference voltage node V. The detailed functions and
connections of these elements are just the same as those
described in the first embodiment, and therefore no further
descriptions will be made herein.

[0026] Unlike the first embodiment, the second embodi-
ment is that with the diode set 41 of the BGR circuit 4
diode-connected transistors are all p type TFTs, i.e., the diode
set41 comprises a plurality of P-type TFTs 411,412, and 413.
The P-type TFT 411 includes a gate 411c, a source 411a and
a drain 4115, the P-type TFT 412 includes a gate 412¢, a
source 412a and a drain 4126; and the P-type TFT 413
includes a gate 413¢, a source 413a and a drain 4135. To
connect these P-type TFTs of the diode set 41 in a diode form,
the gates 411c¢, 412¢, 413¢ of the TFTs 411, 412, 413 are
coupled respectively to the drains 4115, 4125, 4135 of the
TFTs 411, 412, 413, which are in turn coupled to the ground
terminal V o.. The sources 411a, 412a, 413a of the TFTs 411,
412, 413 receive the identical fixed currents 15, 15,, and 15,
generated by the current mirror set 31 respectively. In com-
bination with the resistor 35 and the second resistor 37, these
identical fixed currents I, , 15,, and I, will generate a BGR
voltage at the reference voltage node V.

[0027] In addition to the functions described above, the
second embodiment may also execute each of the operations
and functions described in the first embodiment. The corre-
sponding operations and functions in the second embodiment
will readily occur to those of ordinary skill in the art upon
reviewing description of the first embodiment, and therefore
will not be described herein.

[0028] The transistors in the current mirror sets described
in the first and the second embodiment may all be field-effect
transistors (FETs), TFTs, or FETs in conjunction with TFTs,
and are not limited only to TFTs.

[0029] FIG. 5 illustrates a third embodiment of this inven-
tion, which is yet another BGR circuit 5 formed on the SOG
ofan LCD apparatus. The BGR circuit 5 comprises a plurality
of transistors 51, 52, an operational amplifier (OPAMP) 53, a
diode set 54, a first resistor 55, a second resistor 56, a third
resistor 57, a power terminal V ,,, a ground terminal Vg and
a reference voltage node V. The transistors 51, 52, the
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OPAMP 53, the first resistor 55 and the second resistor 56 are
used in conjunction with each other to generate identical fixed
currents I5, and I,,.

[0030] Likewise, the diode set 54 is formed by a plurality of
diode-connected TFTs, i.e., TFTs with electrical characteris-
tics similarto diodes. The diode set 54, which is coupled to the
OPAMP 53 and the ground terminal Vg, generates a BGR
voltage at the reference voltage node V. according to the
third resistor 57 and the identical fixed currents I, and I,
generated by the OPAMP 53.

[0031] More specifically, the diode set 54 shown in FIG. 5
is formed entirely by N-type TFTs, i.e., comprises a plurality
of N-type TFTs 541 and 542. The N-type TFT 541 includes a
gate 541¢, a drain 541a and a source 5415, and the N-type
TFT 542 includes a gate 542¢, adrain 542a and a source 5425.
To connect these N-type TFTs of the diode set 54 in a diode
form, the gates 541c¢, 542¢ of the TFTs 541, 542 are coupled
to the drains 5414, 542a respectively. The sources 5415, 5425
of the TFTs 541, 542 are coupled to the ground terminal V .
The drains 541a, 542a of the TFTs 541, 542 receive the
identical fixed currents I, and 5, generated by the OPAMP
53. In combination with the third resistor 57, these identical
fixed currents 5, and I, will generate a BGR voltage at the
reference voltage node V ..

[0032] Insummary, according to this invention, the current
mirror set and diode-connected TFTs are used to form a BGR
circuit that can be formed entirely on the SOG to generate a
BGR voltage insensitive to temperature. As a result, BITs can
now be formed on a glass substrate, unlike those of the prior
art. The BGR circuit is also insensitive to temperature.
[0033] The above disclosure is related to the detailed tech-
nical contents and inventive features thereof. People skilled in
this field may proceed with a variety of modifications and
replacements based on the disclosures and suggestions of the
invention as described without departing from the character-
istics 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. A bandgap reference (BGR) circuit for use in system-
on-glass (SOG), comprising:

a first power terminal;

a second power terminal;

a current mirror set, coupled to the first power terminal,
being configured to generate a plurality of fixed cur-
rents; and

adiode set, coupled to the current mirror set and the second
power terminal and formed by a plurality of diode-con-
nected Thin Film Transistors (TFTs), being configured
to generate a BGR voltage according to the fixed cur-
rents.

2. The BGR circuit as claimed in claim 1, wherein the
current mirror set is formed by a plurality of current mirrors,
and the current mirrors are configured to generate the fixed
currents.
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3. The BGR reference circuit as claimed in claim 2,
wherein one of the current mirrors is formed by a plurality of
TFTs.

4. The BGR circuit as claimed in claim 1, wherein the
current mitror set is an operational amplifier (OPAMP) con-
figured to generate the fixed currents.

5. The BGR circuit as claimed in claim 1, wherein the TFTs
of the diode set are N-type TFTs.

6. The BGR circuit as claimed in claim 5, wherein each of
the N-type TFTs comprises a gate, a drain, and a source, the
gate of each of the N-type TFTs couples to the drain of each
of the same respectively, and the source of each of the N-type
TFTs couples to the second power terminal.

7. The BGR circuit as claimed in claim 1, wherein the TFTs
of the diode set are P-type TFTs.

8. The BGR circuit as c¢laimed in claim 7, wherein each of
the P-type TFTs comprises a gate, a drain, and a source, the
gate of each of the P-type TFTs couple to the drain of each of
the same respectively, and the drain of each of the P-type
TFTs couples to the second power terminal.

9. A liquid crystal display (LCD) apparatus, comprising:

an SOG; and

a BGR circuit, formed on the SOG, being configured to

generate a BGR voltage, comprising:

a first power terminal;

a second power terminal;

a current mirror set, coupled to the first power terminal,
being configured to generate a plurality of fixed cur-
rents; and

a diode set, coupled to the current mirror set and the
second power terminal and formed by a plurality of
diode-connected TFTs, being configured to generate
the BGR voltage according to the fixed currents.

10. The LCD apparatus as claimed in claim 9, wherein the
current mitror set of the BGR circuit is formed by a plurality
of current mirrors, and the current mirrors are configured to
generate the fixed currents.

11. The LCD apparatus as claimed in claim 10, wherein
one of the current mirrors is formed by the plurality of TFTs.

12. The LCD apparatus as claimed in claim 9, wherein the
current mirror set of the BGR circuit is an OPAMP configured
to generate the fixed currents.

13. The LCD apparatus as claimed in claim 9, wherein the
TFTs of the diode set of the BGR circuit are N-type TFTs.

14. The LCD apparatus as claimed in claim 13, wherein
each of the N-type TFTs comprises a gate, a drain, and a
source, the gate of each of the N-type TFTs couples to the
drain of each of the same respectively, and the source of each
of the N-type TFTs couples to the second power terminal.

15. The LCD apparatus as claimed in claim 9, wherein the
TFTs of the diode set of the BGR circuit are P-type TFTs.

16. The LCD apparatus as claimed in claim 15, wherein
each of the P-type TFTs comprises a gate, a drain, and a
source, the gate of each of the P-type TFTs couples to the
drain of each of the same respectively, and the drain of each
the P-type TFTs couples to the second power terminal.
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