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LCD PANEL 

[0001] This application claims the bene?t of TaiWan appli 
cation Serial No. 98108660, ?led Mar. 17, 2009, the subject 
matter of Which is incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The invention relates in general to a liquid crystal 
display (LCD) panel capable of preventing toggling of the 
common voltage from affecting the ON/OFF state of the 
pixel, so that mal-discharge or other negative effects Will not 
occur in the pixel. Also, the storage capacitor of the LCD 
panel is helpful in increasing the intensity of the electrical 
?eld so as to achieve a better multi-domain liquid crystal 
tilting effect. 

BACKGROUND 

[0003] Liquid crystal display (LCD), having advantages of 
loW radiation and loW poWer consumption, has gradually 
become a mainstream display product. In a liquid crystal 
display, a liquid crystal panel includes a pixel array, formed 
by a plurality of pixel units. Each pixel unit basically includes 
a thin-?lm-transistor (TFT) used as a sWitch, a storage capaci 
tor (Cs) and a liquid crystal capacitor. Types of the storage 
capacitor include Cs-on-Gate type storage capacitor and Cs 
on-Common type storage capacitor. 
[0004] In the liquid crystal panel using the Cs-on-Common 
type storage capacitor, the Cs-on-Common storage capacitor 
is coupled betWeen the common electrode and the pixel elec 
trode. When the scan line is turned on, the cross-voltage of the 
Cs-on-Common storage capacitor is about +5V. Thus, due to 
the insu?icient intensity of the electrical ?eld, it is di?icult to 
achieve liquid crystal stabiliZing alignment by the common 
electrode in the multi-domain mode. 
[0005] In the liquid crystal panel using the Cs-on-Gate type 
storage capacitor, the Cs-on-Gate storage capacitor is 
coupled betWeen the pixel electrode and the next scan line. 
When the scan line is turned on, the cross-voltage of the 
Cs-on-Gate storage capacitor is about +l5V. Thus, the elec 
trical ?eld has su?icient intensity. But, toggle of the common 
voltage may cause toggle of the voltage of the pixel electrode. 
The toggle of the voltage of the pixel electrode may nega 
tively affect the next scan line through the storage capacitor 
and make the logic loW voltage of the next scan line unstable, 
and mal-discharge or other negative effect may occur to the 
corresponding TFT of the next scan line. 

SUMMARY 

[0006] One example of the invention is directed to a liquid 
crystal display (LCD) panel, in Which the disclosed storage 
capacitor provides strong electrical ?eld to achieve better 
Wide vieW angle effect and better liquid crystal tilting effect. 
[0007] Another example of the invention is directed to an 
LCD panel having a storage capacitor charge control sWitch, 
Wherein even if the common voltage toggles, the toggle of the 
common voltage does not affect the ON/OFF state of the pixel 
and accordingly, mal-discharge in pixels is prevented. 
[0008] According to a ?rst embodiment of the present 
invention, a display panel is provided. The display panel 
includes a pixel array comprising a plurality of pixel units 
each at least comprising a storage capacitor; a plurality of 
scan lines coupled to the pixel units; and a plurality of storage 
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capacitor charge transistors, each respectively coupled to the 
storage capacitors of the corresponding pixel units and fur 
ther coupled to tWo of the scan lines, and the storage capacitor 
charge transistors used for charging the storage capacitors of 
the corresponding pixel units. 
[0009] According to a second embodiment of the present 
invention, a display panel is provided. The display panel 
includes: at least one pixel unit having at least one storage 
capacitor having a ?rst terminal and a second terminal; a ?rst 
scan line coupled to the pixel unit; a second scan line; and at 
least one storage capacitor charge transistor comprising a ?rst 
terminal coupled to the ?rst terminal of the storage capacitor 
of the pixel unit, a second terminal coupled to the ?rst scan 
line, and a third terminal coupled to the second scan line. 
[0010] According to a third embodiment of the present 
invention, a display panel is provided. The display panel 
includes at least one ?rst active element, and a plurality of 
pixel unit. Each pixel unit includes a data line, a scan line, a 
pixel electrode, a second active element, and an electrode. 
The second active element includes a ?rst terminal coupled to 
the scan line, a second terminal coupled to the data line, and 
a third terminal coupled to the pixel electrode. The electrode 
is disposed along the pixel electrode, the scan line and the data 
line, Wherein the electrode is coupled to the ?rst active ele 
ment and a storage capacitor is de?ned by the electrode and 
the pixel electrode. 
[0011] It is to be understood that both the foregoing general 
description and the folloWing detailed description are exem 
plary and explanatory only and are not restrictive of the dis 
closed embodiments, as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 shoWs an equivalent circuit diagram of a pixel 
array of an embodiment of the invention; 
[0013] FIG. 2 shoWs an operation diagram of an LCD panel 
When a scan line G1 is turned on, according to the embodi 
ment of the invention; 
[0014] FIG. 3 shoWs an operation diagram of an LCD panel 
When a scan line G2 is turned on, according to the embodi 
ment of the invention; 
[0015] FIG. 4 shoWs an operation diagram of an LCD panel 
When a scan line G3 is turned on, according to the embodi 
ment of the invention; 
[0016] FIG. 5 shoWs an operation diagram of an LCD panel 
When a scan line G4 is turned on, according to the embodi 
ment of the invention; 
[0017] FIGS. 6A~6C are structural diagrams of a pixel unit 
according to a ?rst example of the present embodiment of the 
invention; 
[0018] FIGS. 7A~7C are structural diagrams of a pixel unit 
according to a second example of the present embodiment of 
the invention; 
[0019] FIGS. 8A~8C are structural diagrams of a pixel unit 
according to a third example of the present embodiment of the 
invention; and 
[0020] FIGS. 9A~9C are structural diagrams of a pixel unit 
according to a fourth example of the present embodiment of 
the invention. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS OF THE INVENTION 

[0021] One embodiment of the invention provides a storage 
capacitor structure capable of avoiding mal-discharging in 



US 2010/0238100 A1 

pixels. When the common voltage toggles, the toggling com 
mon voltage Will not affect the ON/OFF state of the pixel. 
Besides, the storage capacitor provides strong electrical ?eld 
enough to achieve better multi-domain liquid crystal tilting 
effect. 

[0022] FIG. 1 shoWs an equivalent circuit diagram of a pixel 
array of an embodiment of the invention. As indicated in FIG. 
1, the LCD panel 100 includes: a pixel array having a plurality 
of pixel units, a plurality of storage capacitor charge transis 
tors, a plurality of scan lines, and a plurality of data lines. For 
the sake of simplicity, only four scan lines G1~G4, four 
storage capacitor charge transistors T1~T4, three data lines 
S1~S3, and 12 pixel units are illustrated in FIG. 1. HoWever, 
anyone Who is skilled in this technology Will understand that 
embodiments of the invention are not limited thereto. In the 
present embodiment of the invention, the storage capacitor is 
exempli?ed by a Cs-on-Gate storage capacitor. 
[0023] As indicated in FIG. 1, each pixel unit includes an 
active element TP (such as a TFT), a liquid crystal capacitor 
Clc and a storage capacitor Cst. The active element TP 
includes a gate coupled to the scan line, a source coupled to 
the data line, and a drain coupled to both the storage capacitor 
Cst and the liquid crystal capacitor Clc. The liquid crystal 
capacitor Clc is coupled betWeen the common voltage 
VCOM and the drain of the active element TP. The storage 
capacitor Cst is coupled betWeen the drain of the active ele 
ment TP and a terminal (for example, the source) of the 
storage capacitor charge transistor. 
[0024] In the present embodiment of the invention, the 
storage capacitor charge transistor is disposed at a terminal of 
each scan line. For example, the storage capacitor charge 
transistor T1 is disposed at a terminal of the scan line G1 and 
so on. The storage capacitor charge transistor includes a gate 
coupled to the scan line, a source coupled to the storage 
capacitor Cst, and a drain coupled to a next scan line. HoW 
ever, embodiments of the invention are not limited by dispo 
sition of the storage capacitor charge transistor disclosed 
above. 

[0025] Next, referring to FIGS. 2~5, circuit operations of 
the present embodiment of the invention are illustrated. In 
FIGS. 2~5, V1~V4 denote node voltages and VP1~VP4 
denote voltages of each respective pixel electrode. FIGS. 2~5 
respectively shoW the circuit operation of the liquid crystal 
panel 100 of the present embodiment of the invention When 
the scan lines G1~G4 are sequentially turned on. 

[0026] As indicated in FIG. 2, When the scan line G1 is 
turned on (that is, the scan line G1 is at a high potential VGH), 
the active element TP and the storage capacitor charge tran 
sistor T1 are in ON state. As the active element TP is ON, the 
potential of the node voltage VP1 is the potential VS3 of the 
data line S3. As the storage capacitor charge transistor T1 is 
ON but the scan line G2 is not turned on yet (that is, the scan 
line G2 is at a loW potential VGL), the potential of the node 
voltage V1 is VGL. MeanWhile, the cross-voltage of the stor 
age capacitor Cst equals (V S3-VGL). For example, VS3:+ 
5V, VGL:—10V. Then, the cross-voltage of the storage 
capacitor Cst is expressed as: +5V—(—10V):+15V. Thus, the 
electrical ?eld strength Would suf?ce to make the liquid crys 
tal present required optical properties. 
[0027] Charge of the storage capacitor Cst is completed 
during the turned-on period of the scan line G1. The cross 
voltage of the storage capacitor Cst is a Write voltage of the 
pixel unit. 
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[0028] MeanWhile, as the storage capacitor charge transis 
tor T2~T4 are all turned off, the node voltages V2~V4 are all 
in a ?oating state. 
[0029] NoW please refer to FIG. 3, Which shoWs an opera 
tion diagram of the LCD panel 1 00 of the present embodiment 
of the invention When the scan line G2 is turned on. As 
indicated in FIG. 3, When the scan line G2 is turned on (that is, 
the scan line G2 is at high potential VGH), the active element 
TP and the storage capacitor charge transistor T2 are ON, so 
that the potential of the node voltage VP2 is VS1 (the potential 
of the data line S1) and the potential of the node voltage V2 is 
VGL. 
[0030] MeanWhile, as the storage capacitor charge transis 
tors T1, T3 and T4 are all turned off, the node voltages V1, V3 
and V4 are ?oating. Despite the common voltage VCOM 
toggles and the toggling voltage Would affect the voltage V1 
through the liquid crystal voltage Clc and the storage capaci 
tor Cst, the toggling common voltage VCOM Will not affect 
the scan line G1 noW at loW voltage VGL as the storage 
capacitor charge transistor T1 is turned off. Thus, the 
ON/OFF state of the corresponding pixel unit connected to 
the scan line G1 is not affected by the toggling common 
voltage VCOM. 
[0031] LikeWise, in FIG. 4, despite the common voltage 
VCOM toggles and the toggling common voltage VCOM 
Would affect the voltage V2 through liquid crystal voltage Clc 
and the storage capacitor Cst, the toggling common voltage 
VCOM Will not affect the scan line G2 noW at a loW voltage 
VGL as the storage capacitor charge transistor T2 is turned 
off. Thus, the ON/OFF state of the corresponding pixel units 
connected to the scan line G2 is not affected by the toggling 
common voltage VCOM 
[0032] LikeWise, in FIG. 5, despite the common voltage 
VCOM toggles and the toggling common voltage VCOM 
Would affect the voltage V3 through the liquid crystal voltage 
Clc and the storage capacitor Cst, the toggling common volt 
age VCOM Will not affect the scan line G3 at a loW voltage 
VGL as the storage capacitor charge transistor T3 is turned 
off. Thus, the ON/OFF state of the corresponding pixel units 
connected to the scan line G3 is not affected by the toggling 
common voltage VCOM. 

[0033] According to the embodiment of the invention, as 
the storage capacitor charge transistor is disposed at one 
terminal of the scan line, the cross-voltage of the storage 
capacitor is large enough to provide a strong electrical ?eld, 
thereby achieving a better multi-domain liquid crystal tilting 
effect. Besides, despite the common voltage toggles, the tog 
gling common voltage Will not affect the ON/OFF state of the 
pixel units. Therefore, the pixel units are prevented from 
mal-discharging. 
[0034] FIG. 6A shoWs a structural diagram of a pixel unit 
according to a ?rst example of the present embodiment of the 
invention. As indicated in FIG. 6A, the pixel unit at least 
includes a scan line, a data line, a pixel electrode PE, an active 
element TP, an electrode 615 and a via hole 610. Of course, 
the LCD panel may further include other elements such as an 
upper substrate and a loWer substrate opposite to the upper 
substrate, and a liquid crystal layer disposed betWeen the 
upper substrate and the loWer substrate. According to the 
embodiment of the invention, the pixel unit is formed on the 
loWer substrate and may further include other elements. For 
the sake of simplicity, these elements are not illustrated. 
[0035] The via hole 610 is used for coupling the source of 
the active element TP to the pixel electrode PE. The storage 
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capacitor Cst of the present embodiment of the invention is 
de?ned by the electrode 615 and the pixel electrode PE. In 
FIG. 6A, the electrode 615 is a single H electrode, and the 
storage capacitor Cst is also a single H capacitor. The elec 
trode 615 is disposed along the pixel electrode PE, the scan 
line and the data line. The electrode 615 is directly electrically 
connected to the node V1 and the storage capacitor charge 
transistor. FIG. 6B and FIG. 6C respectively shoW the pixel 
electrode PE and the electrode 615 of FIG. 6A. 

[0036] There is electrical ?eld effect occurring betWeen the 
storage capacitor and adjacent scan lines and betWeen the 
storage capacitor and adjacent data lines as indicated in the 
arroW of FIG. 6A. The electrical ?eld effect enables multi 
domain liquid crystal tilting. Multiple liquid crystal tilting 
angles in the liquid crystal panel enable the liquid crystal 
display to achieve Wide vieW angle effect. The enhanced 
cross-voltage of the storage capacitor Cst provides better 
liquid crystal tilting effect. 
[0037] FIG. 7A shoWs a structural diagram of a pixel unit 
according to a second example of the present embodiment of 
the invention. As indicated in FIG. 7A, the electrode 715 is a 
double H electrode, so the storage capacitor Cst is also a 
double H capacitor. The electrode 715 is disposed along the 
pixel electrode PE, the scan line and the data line. The elec 
trode 715 is directly electrically connected to the node V1 and 
the storage capacitor charge transistor. FIG. 7B and FIG. 7C 
respectively shoW the pixel electrode PE and the electrode 
715 of FIG. 7A. 

[0038] FIG. 8A shoWs a structural diagram of a pixel unit 
according to a third example of the present embodiment of the 
invention. As indicated in FIG. 8A, at least one protrusion 81 0 
is disposed on the pixel electrode of the pixel unit. The pro 
trusion 810 is formed by but is not limited to a ?ve-layered 
material. The protrusion 810 can simulate a bump Which is 
helpful in alignment of the liquid crystal. FIG. 8B and FIG. 
8C respectively shoW the pixel electrode PE and the electrode 
815 of FIG. 8A. The electrode 815 is directly electrically 
connected to the node V1 and the storage capacitor charge 
transistor. 

[0039] Here, bump refers to a color ?lter (CF) protrusion 
for enhancing the liquid crystal tilting effect. In the present 
embodiment of the invention, the protrusion 810, Which 
enhances the liquid crystal tilting effect, is loW cost and does 
not affect liquid crystal transmittance. 
[0040] FIG. 9A shoWs a structural diagram of a pixel unit 
according to a fourth example of the present embodiment of 
the invention. As indicated in FIG. 9A, at least one pixel 
electrode via hole 910 is further formed on the pixel electrode 
of the pixel unit. The pixel electrode via hole 910 also simu 
lates the bump Which is helpful in alignment of the liquid 
crystal. Likewise, the pixel electrode via hole 910 achieves 
the same or similar effect as the bump (for example, to 
enhance the liquid crystal tilting effect). Besides, the use of 
the pixel electrode via hole 910 is loW cost and does not affect 
the liquid crystal transmittance. FIG. 9B and FIG. 9C respec 
tively shoW the pixel electrode PE and the electrode 915 of 
FIG. 9A. The electrode 915 is directly electrically connected 
to the node V1 and the storage capacitor charge transistor. 
[0041] It Will be appreciated by those skilled in the art that 
changes could be made to the disclosed embodiments 
described above Without departing from the broad inventive 
concept thereof. It is understood, therefore, that the disclosed 
embodiments are not limited to the particular examples dis 
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closed, but is intended to cover modi?cations Within the spirit 
and scope of the disclosed embodiments as de?ned by the 
claims that folloW. 

What is claimed is: 
1. A display panel, comprising: 
a pixel array comprising a plurality of pixel units each at 

least comprising a storage capacitor; 
a plurality of scan lines coupled to the pixel units; and 
a plurality of storage capacitor charge transistors, each 

respectively coupled to the storage capacitors of the 
corresponding pixel units and further coupled to tWo of 
the scan lines, and the storage capacitor charge transis 
tors used for charging the storage capacitors of the cor 
responding pixel units. 

2. The display panel according to claim 1, Wherein the 
storage capacitor charge transistor comprises: 

a ?rst terminal coupled to the storage capacitor of the pixel 
unit; 

a second terminal coupled to a ?rst scan line of the scan 

lines; and 
a third terminal coupled to a second scan line of the scan 

lines. 
3. The display panel according to claim 2, Wherein the 

storage capacitor comprises: 
a ?rst terminal coupled to the ?rst terminal of the storage 

capacitor charge transistor; and 
a second terminal. 

4. The display panel according to claim 3, further compris 
ing: 

a plurality of data lines; 
Wherein each pixel unit further comprises: 

an active element comprising a ?rst terminal coupled to 
one of the scan lines, a second terminal coupled to one 
of the data lines, and a third terminal coupled to the 
second terminal of the storage capacitor; and 

a liquid crystal capacitor comprising a ?rst terminal 
coupled to the second terminal of the storage capaci 
tor, and a second terminal coupled to a common volt 
age. 

5. The display panel according to claim 4, Wherein When 
the ?rst scan line of the scan lines is turned on and maintains 
at a ?rst potential and the second scan line of the scan lines is 
turned off and maintains at a second potential, the storage 
capacitor charge transistor is turned on, so that the ?rst ter 
minal of the storage capacitor maintains at the second poten 
tial and the second terminal of the storage capacitor maintains 
at a potential of one of the data lines. 

6. The display panel according to claim 5, Wherein When 
the ?rst scan line of the scan lines is turned off and maintains 
at the second potential and the second scan line of the scan 
lines is turned on and maintains at the ?rst potential, the 
storage capacitor charge transistor is turned off, so that the 
?rst terminal of the storage capacitor is in ?oating. 

7. A display panel, comprising: 
at least one pixel unit comprising at least one storage 

capacitor having a ?rst terminal and a second terminal; 
a ?rst scan line coupled to the pixel unit; 
a second scan line; and 
at least one storage capacitor charge transistor comprising 

a ?rst terminal coupled to the ?rst terminal of the storage 
capacitor of the pixel unit, a second terminal coupled to 
the ?rst scan line and a third terminal coupled to the 
second scan line. 
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8. The display panel according to claim 7, further compris 
ing: 

at least one data line; 

Wherein the pixel unit further comprises: 
an active element comprising a ?rst terminal coupled to 

the ?rst scan line, a second terminal coupled to the 
data line, and a third terminal coupled to the second 
terminal of the storage capacitor; and 

a liquid crystal capacitor comprising a ?rst terminal 
coupled to the second terminal of the storage capaci 
tor, and a second terminal coupled to a common volt 
age. 

9. The display panel according to claim 8, Wherein When 
the ?rst scan lines is turned on and maintains at a ?rst poten 
tial and the second scan lines is turned off and maintains at a 
second potential, the storage capacitor charge transistor is 
turned on, so that the ?rst terminal of the storage capacitor 
maintains at the second potential and the second terminal of 
the storage capacitor maintains at a potential of the data line. 

10. The display panel according to claim 9, Wherein When 
the ?rst scan lines is turned off and maintains at the second 
potential and the second scan lines is turned on and maintains 
at the ?rst potential, the storage capacitor charge transistor is 
turned off, so that the ?rst terminal of the storage capacitor is 
in ?oating. 
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11. A display panel, comprising: 
at least one ?rst active element; and 
a plurality of pixel unit each comprising: 

a data line; 
a scan line; 
a pixel electrode; 
a second active element having a ?rst terminal coupled 

to the scan line, a second terminal coupled to the data 
line, and a third terminal coupled to the pixel elec 
trode; and 

an electrode disposed along the pixel electrode, the scan 
line and the data line, Wherein the electrode is coupled 
to the ?rst active element and a storage capacitor is 
de?ned by the electrode and the pixel electrode. 

12. The display panel according to claim 11, Wherein the 
electrode is a single H electrode. 

13. The display panel according to claim 11, Wherein the 
electrode is a double H electrode. 

14. The display panel according to claim 11, Wherein the 
pixel unit further comprises: 

at least one protrusion disposed on the pixel electrode. 
15. The display panel according to claim 11, Wherein the 

pixel unit further comprises: 
at least one pixel electrode via hole formed in the pixel 

electrode. 
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