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DISPLAY SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This Application claims priority of Taiwan Patent
Application No. 100126939, filed on Jul. 29, 2011, the
entirety of which is incorporated by reference herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates to a display system, and more
particularly to a display system, which can compensate a
threshold voltage of a driving transistor.

[0004] 2. Description of the Related Art

[0005] Because cathode ray tubes (CRTs) are inexpensive
and provide high definition, they are utilized extensively in
televisions and computers. With technological development,
new flat-panel displays have continually been developed.
When a larger display panel is required, the weight of the
flat-panel display does not substantially change when com-
pared to CRT displays.

[0006] Generally, the display panel of the flat-panel display
comprises a plurality of pixels. Each pixel comprises a driv-
ing transistor and a luminescence element. The driving tran-
sistor generates a driving current according to an image sig-
nal. The luminescence element displays a corresponding
brightness according to the driving current.

[0007] However, the driving transistors of the different pix-
els may comprise different threshold voltages due to manu-
facturing procedures. When the driving transistors with dif-
ferent threshold voltages receive the same image signal, the
driving transistors may generate different driving currents
such that the luminescence elements display different bright-
ness.

[0008] Additionally, the operation voltage of the lumines-
cence element is drifted because the luminescence element is
used for long time. The different luminescence elements may
display different brightness when the luminescence elements
receive the same driving current. For example, assuming two
luminescence elements comprise different operation voltage.
If the two luminescence elements receive the same driving
current, the brightness of the two luminescence elements are
different.

BRIEF SUMMARY OF THE INVENTION

[0009] In accordance with an embodiment, a display sys-
tem comprises a scan driver, a data driver, and at least one
pixel. The scan driver provides at least one scan signal. The
data driver provides at least one data signal. The pixel com-
prises a switching unit, a driving unit, a luminescence unit, a
storage unit and a controlling unit. The switching unit con-
trols a level of a first node according to the scan signal. The
driving unit has a threshold voltage and is coupled to the first
node. The luminescence unit is coupled to the driving unit in
series between a first operation voltage and a second opera-
tion voltage. The storage unit is coupled between the first
node and a second node. The controlling unit controls a level
of'the second node. During a first period, the level of the first
node is equal to a first reference level, and the level of the
second node is equal to a second reference level. During a
second period, the level of the first node is equal to a third
reference level, and the controlling unit makes a voltage dif-
ference between the levels of the first and the second nodes to
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be equal to the threshold voltage of the driving unit. During a
third period, the level of the first node is equal to the data
signal. During a fourth period, the driving unit lights the
luminescence unit according to the voltage difference
between the levels of the first and the second nodes.

[0010] A detailed description is given in the following
embodiments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The invention can be more fully understood by
referring to the following detailed description and examples
with references made to the accompanying drawings,
wherein:

[0012] FIG. 1 is a schematic diagram of an exemplary
embodiment of a display system;

[0013] FIG. 2A is a schematic diagram of an exemplary
embodiment of a pixel;

[0014] FIG. 2B is a schematic diagram of an exemplary
embodiment of a scan signal SCAN,, a reset signal S and
alevel of a data line DL,

[0015] FIG. 2C shows the levels of nodes N, and N,
during different periods;

[0016] FIG. 3A is a schematic diagram of an exemplary
embodiment of a pixel;

[0017] FIG. 3B is a timing control diagram of the pixel
shown in FIG. 3A;

[0018] FIG. 3C shows the levels of the nodes N, and N,
during different periods; and

[0019] FIG. 4 is a schematic diagram of another exemplary
embodiment of a pixel.

DETAILED DESCRIPTION OF THE INVENTION

[0020] The following description is of the best-contem-
plated mode of carrying out the invention. This description is
made for the purpose of illustrating the general principles of
the invention and should not be taken in a limiting sense. The
scope of the invention is best determined by reference to the
appended claims.

[0021] FIG. 1 is a schematic diagram of an exemplary
embodiment of a display system. The display system 100
comprises a scan driver 110, a data driver 130, a controlling
driver 150 and pixels P, ,~P,,,,. The scan driver 110 provides
scan signals to the pixels P,,~P,,, via scan lines SL,~SL,,.
The data driver 130 provides data signals to the pixels
P,,~P,,, viadatalines DL,~DL,,. The controlling driver 150
provides control signals to the pixels P, ,~P,,., via control
lines CL,~CL,,.

[0022] Inoneembodiment, the data driver 130 provides not
only the data signals but also reference levels to the pixels
P,;~P,,,. In another embodiment, the reference levels are
provided from the controlling driver 150 or other circuits. In
this case, the controlling driver 150 is capable of providing
the reference levels to the pixels P,,~P,,,, via the data lines
DL,~DL,,, but the disclosure is not limited thereto. In other
embodiments, the controlling driver 150 provides the refer-
ence levels to the pixels P, ,~P,,, via other control lines (not
shown).

[0023] Additionally, the controlling driver 150 further pro-
vides other control signals to the scan driver 110 and/or the
data driver 130. For example, the controlling driver 150 is a
timing controller, but the disclosure is not limited thereto.
Furthermore, the controlling driver 150 can be integrated into
the scan driver 110 or the data driver 130.
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[0024] The invention does not limit the method of provid-
ing the control signal to the pixels P, ,~P,,,. In one embodi-
ment, the controlling driver 150 utilizes a single control line
to provide one control signal to the pixels in the same column
(vertical direction). For example, the controlling driver 150
utilizes the control line CL, to transmit a control signal to the
pixels P,,, P,,, ..., P, arranged into a first column. In other
embodiments, the controlling driver 150 utilizes different
control lines to provide different control signals to the pixels
in the same column.

[0025] FIG. 2A is a schematic diagram of an exemplary
embodiment of the pixel P, ;. Since the structures of the pixels
P,,~P,,, are the same, only the pixel P,, is given as an
example. As shown in FIG. 2A, the pixel P;; comprises a
switching unit 210, a driving unit 230, a luminescence unit
250, a storage unit 270 and a controlling unit 290.

[0026] The switching unit 210 controls the level of the node
N, according to the scan signal SCAN; of the scan line SL,.
In this embodiment, the switching unit 210 transmits the
signal of the data line DL, to the node N, according to the
scan signal SCAN,. During different periods, the data line
DL, transmits different signals, such as reference levels
Srrrs Srers Or a data signal S, , -, Additionally, the inven-
tion does not limit the kinds of the switching unit 210. In this
embodiment, the switching unit 210 is a N-type transistor
M1, but the disclosure is not limited thereto.

[0027] The luminescence unit 250 is coupled to the driving
unit 230 in series between operation voltages PVDD and
PVEE. The luminescence unit 250 is lighted according to a
driving current I,,, generated by the driving unit 230. The
invention does not limit the kinds of the luminescence unit
250. In this embodiment, the luminescence unit 250 is an
organic light emitting diode (OLED) EM.

[0028] The driving unit 230 has a threshold voltage (Vth
(a3y) and is coupled to the node N, . The invention does not
limit the kinds of the driving unit 230. In this embodiment, the
driving unit 230 is a N-type transistor M3, but the disclosure
is not limited thereto. The transistor M3 comprises a gate
coupled to the node N, a drain receiving the operation
voltage PVDD and a source coupled to the node N, .

[0029] The storage unit 270 is coupled between the nodes
Ng; and N, . The invention does not limited to the kind of the
storage unit 270. Any device can serve as the storage unit 270,
as long as is capable of storing charges. In this embodiment,
the storage unit 270 is a capacitor Cst.

[0030] The controlling unit 290 controls the level of the
node Nj,. In one embodiment, the controlling unit 290 is a
transistor M2. Since the transistor M2 is a N-type transistor,
the gate of the transistor M2 can be referred to as a control
terminal, the drain of'the transistor M2 can be referred to as an
input terminal, and the source of the transistor M2 can be
referred to as an output terminal. In this embodiment, the
control terminal of the transistor M2 receives a reset signal
Sxzzs, the input terminal of the transistor M2 receives the
reference level S ., and the output terminal of the transistor
M2 is coupled to the node N .

[0031] The invention does not limit which device provides
the reset signal Sy, and the reference level Sz.r,. In one
embodiment, the reset signal Sz.¢ is provided by a signal
generator, such as the scan driver 110, the data driver 130, the
controlling driver 150, or other circuits. The reference level
Sz 18 provided by a level generator, such as the scan driver
110, the data driver 130, the controlling driver 150 or other
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circuits. In another embodiment, the reset signal S, ¢ and the
reference level S, are provided by the same device.
[0032] FIG. 2B is a schematic diagram of an exemplary
embodiment of the scan signal SCAN,, the reset signal Sz .
and the level of the data line DL,. Referring to FIG. 2B, the
symbol S,,; | represents the level of the dataline DL, . FIG. 2C
shows the levels of the nodes N, and N, during different
periods. Referring to FIG. 2A, during the period stl, the scan
signal SCAN, is at a high level such that the transistor M1 is
turned on. When the transistor M1 is turned on, the reference
level Sz, 1s transmitted to the node N5, . During this period,
the transistor M2 is turned on because the reset signal S« is
at a high level. Thus, the reference level Sy, is transmitted
to the node N, . As shown in FIG. 2C, the level of the node
N, is equal to the reference level S,z and the level of the
node Ny, is equal to the reference level Sy, during the
period st1.

[0033] The invention does not limit the proportion of the
reference levels Sy and Szzz. In one embodiment, the
reference level Sy -, is higher than the reference level Sy ;.
In this embodiment, the reference level S ., is atalow level.
In other embodiments, the reference level Sy .-, is equal to or
higher than the operation voltage PVEE. The operation volt-
age PVEE is a negative voltage.

[0034] During the period st2, the scan signal SCAN, is still
at the high level such that the transistor M1 is still turned on.
Thus, the transistor M1 transmits the reference level Sy 5 to
the node N5, . In one embodiment, the reference level Sy .-,
is atalow level. Referring to FIG. 2B, the level of the data line
DL, is at a low level during the periods stl and st2.

[0035] At this time, since the reset signal Sy is at a low
level, the transistor M2 is turned off. Thus, a voltage differ-
ence between the nodes N5, and N, is equal to the threshold
voltage Vth, . In other words, the capacitor Cst stores the
threshold voltage Vth,, 5, of the transistor M3. Referring to
FIG. 2C, the level of the node N, is equal to the reference
level S5 and the level of the node N, is equal to =Vth,,,,
during the period st2.

[0036] The period st3 comprises a forward portion st3-1
and aback portion st3-2. During the forward portion st3-1, the
scan signal SCAN, is still at the high level. At this time, the
data line DL, transmits the data signal S, ,,,. Thus, the level
or the node N, is equal to the data signal S, ,,. When the
level of the node N, is equal to the data signal S, ., the
level of the node N, is slightly increased. Assuming the level
of the node Ny, is =Vth 5, +AV.

[0037] During the back portion st3-2, the scan signal
SCAM is at a low level to turn off the transistor M1. Thus, the
transistor M1 stops transmitting the signal of the data line
DL, to the node N, . In other embodiments, the level of the
node N, does not be increased. Referring to FIG. 2C, the
level of the node Ny, is —=Vth,;)+AV, wherein AV is the
change amount of the node Ny, during the period st3.

[0038] In this embodiment, a self-feedback loop is formed
by the capacitor Cst and the duration of the forward portion
st3-1 is controlled. Thus, the level of the node Ny, can be
appropriately controlled according to the level of the node
Ng;- In one embodiment, the level of the node Ny, is set to
less than a pre-determined value to prevent wrongfully turn
on the luminescence unit 250.

[0039] During the period st4, the scan signal SCAN; is at
the low level such that the state of the node N, is at a floating
state. At this time, the transistor M3 is still turned on. Finally,
the level of the node Ny, is equal to =Vth,,;,+AV+V_OLED.



US 2013/0027380 Al

In one embodiment, V_OLED is a voltage difference of the
OLED EM when the OLED EM is lighted. In other embodi-
ments, V_OLED is an operation voltage of the OLED EM. It
is required to determine whether a minimum value of the
operation voltage of the OLED EM is equal to a threshold
voltage of the OLED EM. Since the state of the node N5, is at
a floating state, the level of the node N, is equal to S, +
V_OLED. At this time, the transistor M3 generates a driving
current I,,, according to the voltage difference between the
nodes N, and Ng,. The luminescence unit 250 is lighted
according to the driving current I, . The driving current I, is
expressed by the following equation:

Ip, =Kp*(Vgs-V,\°

[0040] If the levels of the nodes N, and N, during the
period st4 are substituted with the above equation, the sub-
stituted result is expressed by the following equation:
Ipy=Kp*(Spar~AV)
[0041] According to the above equation, the driving current
I, does not be interfered by the threshold voltage Vth, 5, of
the transistor M3. Thus, a drift issue of the threshold voltage
Vth,,, can be compensated.
[0042] Furthermore, the levels of the nodes N, and N,
relates to the voltage difference of the OLED EM during the
period st4. Thus, the driving current I,,, can compensate a
drifted operation voltage of the OLED EM.
[0043] FIG. 3A is a schematic diagram of an exemplary
embodiment of the pixel P, ;. FIG. 3A is similar to FIG. 2A
except for the controlling unit 390. Since operations of the
switching unit 310, the driving unit 330 and the luminescence
unit 350 and the storage unit 370 are the same as operations of
the switching unit 210, the driving unit 230 and the lumines-
cenceunit 250 and the storage unit 270, the descriptions of the
switching unit 310, the driving unit 330 and the luminescence
unit 350 and the storage unit 370 are omitted for brevity.
[0044] In this embodiment, the controlling unit 390 is
coupled not only to the node N, but also to the node N;,. As
shown in FIG. 3A, the controlling unit 390 comprises tran-
sistor M2, M4 and M5. The transistor M2 is turned on accord-
ing to the reset signal Sz such that the level of'the node N5,
is equal to the level of the node Ng,. The transistor M4
transmits the reference level Sy ;5 to the switching unit 310
according to a control signal CKH. The transistor M5 trans-
mits the reference level Sy, to the switching unit 310
according to a control signal CKR. The switching unit 310
transmits one of the reference levels Sz .-, Sg x5 and the data
signal S, -, to the node N, according to the scan signal
SCAN, to control the level of the node N .
[0045] FIG. 3B is a timing control diagram of the pixel
shown in FIG. 3A. FIG. 3C shows the levels of the nodes N,
and N, during different periods. During the period stl, the
scan signal SCAN; is at a high level to turn on the switching
unit 310. At this time, the reset signal S, is at a high level
such that the transistor M2 is turned on. The control signal
CKR is at a high level such that the transistor M5 is turned on.
Since the transistor M2 is turned on, the level of each of the
nodes N, and the N, is equal to the reference level Spr .
[0046] In one embodiment, the reference level Sy, is
generated by a level generator, such as the data driver 130 or
the controlling driver 150. The invention does not limit the
magnitude of the reference level Szz.,. The reference level
Szzr1 can be equal to or higher than the operation voltage
PVEE. In this embodiment, the operation voltage PVEE is a
negative voltage.
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[0047] During the period st2, the scan signal SCAN; is at
the high level such that the switching unit 310 is turned on.
Since the control signal CKH is at a high level, the switching
unit 310 transmits the reference level Sz .5 to the node N,.
In one embodiment, the data driver 130 provides at least one
of the reference levels Sz ~Szzz; t0 the pixel P, via a
single data line, such as the data line DL, .

[0048] In this embodiment, the reference level Syz-5 is
higher than the reference level Sz ..,. For example, the ref-
erence level Sz . is equal to 0. Additionally, the storage unit
370 stores the threshold voltage Vth , s, of the transistor M3
during the period st2. Thus, the level of the node N, is equal
to =Vth .

[0049] During a forward portion st3-1 of the period st3, the
scan signal SCAN; is still at the high level such that the
switching unit 310 transmits the signal of the data line DL, to
the node N,. At this time, the signal of the data line DL, is a
data signal S, ,-,- When the level of the node N, is equal to
the data signal S, ., of the dataline DL, , the level of the node
N, 1s slightly increased.

[0050] During a back portion st3-2 of the period st3, the
scansignal SCAN; is atalow level such that the transistor M1
is turned off. Referring to FIG. 3C, the level of the node N5,
is equal to the data signal S, 7, and the level of the node N,
is equal to =Vth,,+AV during the period st3, wherein AV
represents the change amount of the level of the node N,
during the period st3.

[0051] During the period st4, the transistor M3 lights the
luminescence unit 350 according to the voltage difference
between the nodes N, and Ng,. In this embodiment, the
levels of the nodes N, and N, are controlled to prevent the
driving current I,,, generated by the transistor M3 is inter-
fered by the drifted threshold voltage of the transistor M3.
[0052] FIG. 4 is a schematic diagram of another exemplary
embodiment of a pixel. FIG. 4 is similar to FIG. 3 A except for
the addition of a compensation capacitor Coled. In this
embodiment, the compensation capacitor Coled is coupled
between the node N ; and the operation voltage PVEE, but the
disclosure is not limited thereto. In other embodiments, one
terminal of the compensation capacitor Coled is coupled to
the node Ng; and another terminal of the compensation
capacitor Coled receives a fixed voltage, such as the operation
voltage PVDD, PVEE or other reference voltages. The com-
pensation capacitor Coled is utilized to compensate drifted
mobility of the transistor M3.

[0053] For example, if the mobility of the transistor M3 is
drifted and becomes great, AV becomes great. Thus, the volt-
age difference between the nodes N, and N, becomes small
such that the driving current generated by the transistor M3
becomes small to effect efficiency of the luminescence unit
350. In other words, a negative feedback issue is occurred in
the luminescence unit 350 such that brightness of the lumi-
nescence unit 350 does not be interfered by the drifted mobil-
ity of the transistor M3.

[0054] Therefore, in this embodiment, the compensation
capacitor Coled is coupled between the node Ng; and the
operation voltage PVEE to compensate the drifted mobility
of' the transistor M3. Further, the capacitance of the compen-
sation capacitor Coled is adjusted to adjust the charging speed
of the node Ng; during the period st3. In other words, it
prevents that AV becomes too great.

[0055] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
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which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.
[0056] While the invention has been described by way of
example and in terms of the preferred embodiments, it isto be
understood that the invention is not limited to the disclosed
embodiments. To the contrary, it is intended to cover various
modifications and similar arrangements (as would be appar-
ent to those skilled in the art). Therefore, the scope of the
appended claims should be accorded the broadest interpreta-
tion so as to encompass all such modifications and similar
arrangements.

What is claimed is:

1. A display system, comprising:

a scan driver providing at least one scan signal;

a data driver providing at least one data signal; and

at least one pixel comprising:

a switching unit controlling a level of a first node accord-
ing to the scan signal;

a driving unit having a threshold voltage and coupled to
the first node;

a luminescence unit coupled to the driving unit in series
between a first operation voltage and a second opera-
tion voltage;

a storage unit coupled between the first node and a
second node; and

a controlling unit controlling a level of the second node,

wherein during a first period, the level of the first node is
equal to a first reference level, and the level of the second
node is equal to a second reference level,

wherein during a second period, the level of the first node
is equal to a third reference level, and the controlling unit
makes a voltage difference between the levels of the first
and the second nodes to be equal to the threshold voltage
of the driving unit,
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wherein during a third period, the level of the first node is
equal to the data signal, and

wherein during a fourth period, the driving unit lights the
luminescence unit according to the voltage difference
between the levels of the first and the second nodes.

2. The display system as claimed in claim 1, wherein the

first reference level is equal to the second reference level.

3. The display system as claimed in claim 2, wherein the
first and the second reference levels are negative.

4. The display system as claimed in claim 3, wherein the
third reference level is higher than the first reference level.

5. The display system as claimed in claim 1, wherein the
first reference level is higher than the second reference level.

6. The display system as claimed in claim 5, wherein the
second reference level is negative.

7. The display system as claimed in claim 6, wherein the
first reference level is equal to the third reference level.

8. The display system as claimed in claim 1, wherein the
first, the second and the third reference levels are provided
from the data driver.

9. The display system as claimed in claim 1, wherein the
controlling unit is a transistor comprising a control terminal
receiving a reset signal, an input terminal receiving the sec-
ond reference level and an output terminal coupled to the
second node.

10. The display system as claimed in claim 1, wherein the
controlling unit comprises:

a first transistor making the level of the first node to be
equal to the level of the second node during the first
period;

a second transistor providing the third reference level to the
first node during the second period; and

a third transistor making the level of the first node to be
equal to the first reference level during the first period.

11. The display system as claimed in claim 10, wherein the
controlling unit further comprises:

a compensating capacitor coupled between the second

node and the second operation voltage.

#* #* #* #* #*



