US 20200074937A1

12) Patent Application Publication (o) Pub. No.: US 2020/0074937 Al

a9y United States

CHOI 43) Pub. Date: Mar, 5, 2020
(54) GATE DRIVER AND ORGANIC (52) US. CL
LIGHT-EMITTING DISPLAY DEVICE CPC ... G09G 3/3291 (2013.01); GO9G 3/3266
INCLUDING SAME (2013.01); GO9G 2310/0286 (2013.01); GO9G
2300/0814 (2013.01); GO9G 2310/08
(71) Applicant: LG Display Co., Ltd., Seoul (KR) (2013.01); GO9G 2300/0426 (2013.01)
57 ABSTRACT
(72) Inventor: Jaeyi CHOI, Paju-si (KR) 57) . ) .
The present disclosure relates to a gate driver and an organic
light-emitting display device including same. A gate driver
(21)  Appl. No.: 16/557,088 according to an embodiment of the present disclosure
includes a plurality of stages. Each of the stages includes: a
(22) Filed: Aug. 30, 2019 first pull-up transistor configured to output a carry clock to
a first output terminal as a carry signal while a Q node is
(30) Foreign Application Priority Data bootstrapped to a voltage higher than a gate on voltage; a
second pull-up transistor configured to output a scan clock
Sep. 3, 2018  (KR) .orveevererevercnnecen 10-2018-0104451 to a second output terminal as a scan signal while the Q node
is bootstrapped; and holding transistors configured to oper-
o o ate based on a voltage of a QB node, which QB node is
Publication Classification charged and discharged in a manner reverse to that of the Q
(51) Imt. CL node. The holding transistors are connected to the second
G09G 3/3291 (2006.01) output terminal and the Q node, and the holding transistors
G09G 3/3266 (2006.01) are electrically isolated from the first output terminal.
140
)
REB
v
CLKs, V§P OLKs, V&P ¥ ClLKs, VEP - OLKs. ¥SP
190 js - = 150 -
119
¥ ¥ 4 ¥ ¥ ¥ ,
{0 T i
PS N
LA ¥ ¥
100
130 130
- -
- B BZ



Patent Application Publication = Mar. 5, 2020 Sheet 1 of 13 US 2020/0074937 Al

FIG. 1

P i i i i

(LKs, V&P CLKs, VSP ¥ ClKs, V&P CLKs, ¥SP

o
Lo
[

o
o
.
)
g
o

Pg e — e P




Patent Application Publication = Mar. 5, 2020 Sheet 2 of 13 US 2020/0074937 Al
FIG. 2
121
!
-
Vet 15 ——15 15 ~—15
VREC , , K3
PAL PAL PAL PXL
SCAN (1) ] ] I —7¢ry | Linel
+
PAL 4 PYL 4 PAL PAL |
SCAN (2) : : i i =~ 17(g (Linel
PXL s PXL PYL L PXL 1 |
SCAN (3) ; ! I — 7@ éum?’
+
PAL -9 PAL PAL e PAL
SCAN (4) I l 17¢4) |Lined
—18 —18 ~18 ~18 +
16— 16— 16— 16—
EVDD EVDD EVED EVRD




Patent Application Publication = Mar. 5, 2020 Sheet 3 of 13 US 2020/0074937 Al

FIG. 3

SCAN (k)

N o
T em “;g L or

=05t
™
Ns 579
\./ OLED




Patent Application Publication = Mar. 5, 2020 Sheet 4 of 13 US 2020/0074937 Al

FiG. 4
DY 1w
SDH for
kth Line
Line 5 ? .
g‘ -
{
X VP "R WP VBP | E
- i N time
) Kth Frame T (K+1) th Frame o
FIG. 5
D%
SCAN (k)

sl
- S
=
S
e e S e
o
&

-

DATA

Te
VP

i
1

I A



Patent Application Publication

SCAN (i)

= Ng
Ng| -
N/ OLED

£V

8§

Mar. 5, 2020 Sheet 5 of 13 US 2020/0074937 A1
FiG. 6A
viow Vref
—————— s EVDD —~—-16
1) ‘[
g
W



Patent Application Publication = Mar. 5, 2020 Sheet 6 of 13 US 2020/0074937 Al

FIG. 6B
Te
yio Vref
——————— 15 EVDD —~—16
SCAN (l) ]

&
|

17 (k) - ZZiEZI : :

S
+ i
Vg T GSt [
L_m"ﬂ;,__-s%'?'i;___{n
OLEDN/4% [loied
|
EVSS
FIG. 7
SO
SCAN (k) ——r
VSDU VREC
| }
/ i
DATA ——( ) {7y !
Nt pe—y
P S ole



Patent Application Publication = Mar. 5, 2020 Sheet 7 of 13 US 2020/0074937 Al

FiG. 8A
L
\ﬁ
VSOW DAG
Vref
~15 EVDD —~-1§
SCAN (k) ]
17 () =y i
¢ d |
HJSTEI——Q—W [ ot
—Cs*
Ns <@WHTN
S OLED

EVSS



Patent Application Publication = Mar. 5,2020 Sheet 8 of 13

US 2020/0074937 A1

FIG. 8B
@
\\¥
VS Su
—15 EVDD b0
SCAN (k) ] #
TR | == g
I gﬁ‘"""?""ﬂi[ Al
+ H
Vgs —=0st
o sT2
Ipix
OLED ™




Patent Application Publication = Mar. §,2020 Sheet 9 of 13 US 2020/0074937 Al

FIG. 8C
\w
VREC DAG
Vref
~15 EVDD —~-16
SCAN (k) ;
T} == N
L d |
HJSTEI——Q—W [ ot
—Cs*
Ns WWWT
S/ OLED

EVSS



Patent Application Publication = Mar. 5, 2020 Sheet 10 of 13  US 2020/0074937 A1

FIG. 9
130
PS CLKs VSP .
)
!
-------------------- SCAN ()
sten | > oLARA
v
GRY ()
e SOAN (D)
STGN+1 SCAN
|
CRY (n+1)
N
oy | SO R2)
¥
CRY (n+2)
()
STGe3 = SOAN (n+3)
Y
CRY (n+3)



US 2020/0074937 A1

FIG. 10

Mar. 5,2020 Sheet 11 of 13

Patent Application Publication

BLK?

= = !
<) I = “
= o Z |
i
= - = R
e s R [,
e | 1
o2 i r.UIHI |
% | I— [ q} " o
I — S —
i P om &, 1
= P ¢ = S _
v " o3 § RW ] it e e == “
e [ NS T ! ! o st
- ] ] H i hl et
2 i _\IL Y =4 1 H e |
e (s gl N = | £ S50 <
<S5 | ™o | ~ R T R V-
e . 3 o o
“ . |
i {
! L |
et [£'m) _ o~d |
” Pt - P & [— |
JEE |
S on i _
o L= - |
&3 o !
= P _M !
sy b L |
bl
L Tl ]
I pene SR IR
" | e
e = =
CRTEN = .
N T ] = -
e § + wed
AN~ 4 S o o0
{ &2 - =
iiiiiii - m
o S e f
[ _ Bi=za
o > =
- < g e
Lo ; i i
i i Pee i
e ! b it
L s =
| 3 o



Patent Application Publication = Mar. 5, 2020 Sheet 12 of 13  US 2020/0074937 A1

FIG. 11

) {LsP)
1% T 11—

Ready fTor GDW

Line

" oy DK
- TP i VP "B
a Kth Frame T K+1th Frame oo e



Patent Application Publication = Mar. 5, 2020 Sheet 13 of 13  US 2020/0074937 A1

FIG. 12

" ripple
13 discharge path BLK2
\ f
o B L GROKG)  SCOLK ()

CR(n-2) GYDD é%o*-«.;} l( BL{KS

_—_— L ARO-DN T oo R — .

Lop[ 51 Lo m O A

Ll } [omlmme TR |

| M I / . TN |

| t E [ TR &’N(}E 455.(”)\3 Lf?_!ffAN (n) |

SR?‘% 153 | g A E\\ ‘.,,.,,a/, HOD i

; A R R .

[ i} E QB [ f";#‘; T o ”;

e s P bor—d % |

Tap [T

L L SEA |

iz AT24)P 1 T25 ] 'holding transistor

WORMed) | g CRn-4) | | omitted |

10 L |

| s |

BLKS BLK BLKA



US 2020/0074937 A1

GATE DRIVER AND ORGANIC
LIGHT-EMITTING DISPLAY DEVICE
INCLUDING SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims the benefit of Korea Patent
Application No. 10-2018-0104451 filed on Sep. 3, 2018,
which is incorporated herein by reference for all purposes as
if fully set forth herein.

BACKGROUND

Technical Field

[0002] The present document relates to a gate driver and
an organic light-emitting display device including the same.

Description of the Related Art

[0003] Active matrix type organic light-emitting display
devices include spontaneous emission organic light-emitting
diodes (hereinafter referred to as “OLED”) and have the
advantages of a high response speed, high emission effi-
ciency, high luminance and a wide viewing angle.

[0004] Organic light-emitting display devices include a
gate driver for driving switch elements included in pixels.
Gate electrodes of the switch elements are connected to the
gate driver through gate lines. The gate driver generates gate
signals (scan signals) and sequentially provides the gate
signals to the gate lines.

[0005] Such organic light-emitting display devices
employ an external compensation technique in order to
compensate for a driving characteristic deviation between
pixels. In addition, with respect to organic light-emitting
display devices, research on techniques for realizing a
narrow bezel for providing a wider screen to users by
increasing an area of a display surface of a display panel, in
which images are displayed, instead of minimizing left and
right edge areas of the display surface, in which images are
not displayed, has been conducted.

BRIEF SUMMARY

[0006] The external compensation technique is based on a
real-time sensing technique for sensing driving characteris-
tic variations in pixels during screen display. To realize
real-time sensing, a gate driver suitable therefor is required.
Further, a gate driver is included in a non-display area of a
display panel and the non-display area in which the gate
driver is located is a bezel area. It is desirable to simplify the
gate driver in order to realize a narrow bezel.

[0007] Therefore, in various embodiments, the present
disclosure provides a gate driver suitable for realization of a
narrow bezel and an organic light-emitting display device
including the same.

[0008] Furthermore, in various embodiments, the present
disclosure provides a gate driver capable of performing
real-time sensing and an organic light-emitting display
device including the same.

[0009] A gate driver according to an embodiment of the
present disclosure includes a plurality of stages. Each of the
stages includes: a first pull-up transistor configured to output
a carry clock to a first output terminal as a carry signal while
a Q node is bootstrapped to a voltage higher than a gate on
voltage; a second pull-up transistor configured to output a
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scan clock to a second output terminal as a scan signal while
the Q node is bootstrapped; and holding transistors config-
ured to operate based on a voltage of a QB node that is
configured to be charged and discharged in a manner reverse
to charging and discharging of the Q node. The holding
transistors are connected to the second output terminal and
the Q node, and the holding transistors are electrically
isolated from the first output terminal.

[0010] In another embodiment, the present disclosure pro-
vides an organic light-emitting display device that includes
a gate driver having a plurality of stages. Each of the stages
includes: a first pull-up transistor configured to output a
carry clock to a first output terminal as a carry signal while
a Q node is bootstrapped to a voltage higher than a gate on
voltage; a second pull-up transistor configured to output a
scan clock to a second output terminal as a scan signal while
the Q node is bootstrapped; and holding transistors config-
ured to operate based on a voltage of a QB node that is
configured to be charged and discharged in a manner reverse
to charging and discharging of the Q node. The holding
transistors are connected to the second output terminal and
the Q node, and the holding transistors are electrically
isolated from the first output terminal. The organic light-
emitting display device further includes a plurality of pixels
connected to the gate driver through a plurality of gate lines.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0011] Theaccompanying drawings, which are included to
provide a further understanding of the disclosure and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the disclosure and together with
the description serve to explain the principles of the disclo-
sure. In the drawings:

[0012] FIG. 1 is a diagram showing an organic light-
emitting display device according to an embodiment of the
present disclosure;

[0013] FIG. 2 is a diagram showing a pixel array included
in a display panel of FIG. 1;

[0014] FIG. 3 is a diagram showing a structure of one
pixel included in the pixel array of FIG. 2;

[0015] FIG. 4 is a diagram showing IDW timing and SDW
timing;
[0016] FIG. 5 is a diagram showing a scan signal for IDW

and a data signal synchronmzed with the scan signal;
[0017] FIG. 6A is an equivalent circuit diagram of a pixel
corresponding to a programming period of FIG. 5;

[0018] FIG. 6B is an equivalent circuit diagram of a pixel
corresponding to an emission period of FIG. 5;

[0019] FIG. 7 is a diagram showing a scan signal for SDW
and a data signal synchronized with the scan signal,
[0020] FIG. 8A is an equivalent circuit diagram of a pixel
corresponding to a setup period of FIG. 7;

[0021] FIG. 8B is an equivalent circuit diagram of a pixel
corresponding to a sensing period of FIG. 7,

[0022] FIG. 8C is an equivalent circuit diagram of a pixel
corresponding to a reset period of FIG. 7,

[0023] FIG. 9 is a diagram showing connection between
signal lines and stages included in a gate shift register;
[0024] FIG. 10 is a circuit diagram of one stage included
in the gate shift register of FIG. 9;

[0025] FIG. 11 is a diagram for describing an operation of
a sensing line selector included in FIG. 10; and
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[0026] FIG. 12 is a diagram showing complementing a
side effect generated when holding transistors are removed
from a carry output terminal by applying a diode input
structure as a carry input structure.

DETAILED DESCRIPTION

[0027] The advantages, features and methods for accom-
plishing the same of the present disclosure will become
more apparent through the following detailed description
with respect to the accompanying drawings. However, the
present disclosure is not limited by embodiments described
blow and is implemented in various different forms, and the
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of
the disclosure to those skilled in the art.

[0028] Shapes, sizes, ratios, angles, numbers, etc., shown
in the figures to describe embodiments of the present dis-
closure are exemplary and thus are not limited to particulars
shown in the figures. Like numbers refer to like elements
throughout the specification. It will be further understood
that when the terms “include”, “have” and “comprise” are
used in this specification, other parts may be added unless “~
only” is used. An element described in the singular form is
intended to include a plurality of elements unless context
clearly indicates otherwise.

[0029] In interpretation of a component, the compornent is
interpreted as including an error range unless otherwise
explicitly described.

[0030] It will be understood that, when an element is
referred to as being “on” or “under” another element, it can
be “directly” on or under another element or can be “indi-
rectly” formed such that an intervening element is also
present.

[0031] In the following description of the embodiments,
“first” and “second” are used to describe various compo-
nents, but such components are not limited by these terms.
The terms are used to discriminate one component from
another component. Accordingly, a first component men-
tioned in the following description may be a second com-
ponent within the technical spirit of the present disclosure.
[0032] Although a pixel circuit and a gate driver formed
on a substrate of a display panel may be implemented as
TFTs in an n-type metal oxide semiconductor field effect
transistor (MOSFET) structure in this specification, the
present disclosure is not limited thereto and they may be
implemented as TFTs in a p-type MOSFET structure. A TFT
is a three-electrode element including a gate, a source and a
drain. The source is an electrode that provides carriers to the
transistor. Carriers flow from the source in the TFT. The
drain is an electrode from which carriers flow to the outside
of the TFT. That is, carriers flow from the source to the drain
in a MOSFET. In the case of an n-type TFT (NMOS), a
source voltage is lower than a drain voltage such that
electrons can flow from the source to the drain because
carriers are electrons. Since electrons flow from the source
to the drain in the n-type TFT, current flows from the drain
to the source. On the other hand, in the case of a p-type TFT
(PMOS), a source voltage is higher than a drain voltage such
that holes can flow from the source to the drain because
carriers are holes. Since holes flow from the source to the
drain in the p-type TFT, current flows from the source to the
drain. It is noted that the source and the drain of the
MOSFET are not fixed. For example, the source and the
drain of the MOSFET may be changed according to an
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applied voltage. Accordingly, one of the source and the drain
is referred to as a first electrode and the other is referred to
as a second electrode in description of embodiments of this
specification.

[0033] Hereinafter, embodiments of the specification will
be described in detail with reference to the attached draw-
ings. In the following embodiments, description focuses on
an organic light-emitting display device including an
organic light-emitting material as a display device.

[0034] In the following description, if a detailed descrip-
tion of known techniques associated with the present dis-
closure would unnecessarily obscure the gist of the present
disclosure, detailed description thereof will be omitted.
[0035] In the following description, “front stages” refer to
stages which are located above a reference stage and gen-
erate gate signals with phases ahead of that of a gate signal
output from the reference stage. In addition, “rear stages”
refer to stages which are located under the reference stage
and generate gate signals with phases delayed from that of
a gate signal output from the reference stage. In the follow-
ing description, switch elements constituting a gate driver of
the present disclosure may be implemented as at least one of
an oxide element, an amorphous silicon element and a
polysilicon element. In addition, activation of a specific
node means that the node is charged with a gate on voltage
and deactivation of a specific node means that the potential
of the node is discharged to a gate off voltage.

[0036] FIG. 1 shows an organic light-emitting display
device according to an embodiment of the present disclo-
sure. FIG. 2 is a diagram showing a pixel array included in
a display panel of FIG. 1. FIG. 3 is a diagram showing a
structure of one pixel included in the pixel array of FIG. 2.
FIG. 4 is a diagram showing timings at which IDW and
SDW are performed.

[0037] Referring to FIGS. 1 to 3, the organic light-emit-
ting display device of the present disclosure includes a
display panel 100, a data driver, a gate driver and a timing
controller 110.

[0038] The display panel 100 may include a plurality of
data lines 15, reference voltage lines 16 and a plurality of
gate lines 17. In addition, pixels PXL may be disposed at
intersections of the data lines 15, the reference voltage lines
16 and the gate lines 17. Further, the pixels PXL arranged in
a matrix form may form the pixel array shown in FIG. 2 in
a display area of the display panel 100.

[0039] In the pixel array, the pixels PXL may be divided
into lines in one direction. For example, the pixels PXL may
be divided into a plurality of pixel lines Line 1 to Line 4 in
a direction in which the gate lines extend (or horizontal
direction). Here, a pixel line means a set of neighboring
pixels PXL arranged in a horizontal direction rather than a
physical signal line. Accordingly, pixels PXL constituting
the same pixel line can be connected to the same gate line
17.

[0040] Inthe pixel array, each pixel PXL can be connected
to a digital-to-analog converter (DAC) 121 through a data
line 15 and connected to a sensing unit (SU) 122 through a
reference voltage line 16. The reference voltage line 16 may
be connected to the DAC 121 in order to provide a reference
voltage. Although the DACs 121 and the sensing units SU
may be embedded in the data driver, the present disclosure
is not limited thereto.

[0041] In the pixel array, each pixel PXL may be con-
nected to a high-voltage pixel power supply EVDD through
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a power line 18. Further, each pixel PXL may be connected
to the gate driver through a gate line 17.

[0042] Each pixel PXL may be implemented as shown in
FIG. 3. A pixel PXL disposed in a k-th (k is an integer) pixel
line includes a driving thin film transistor (TFT) DT, a
storage capacitor Cst, a first switch TFT ST1 and a second
switch TFT ST2, and the first switch TFT ST1 and the
second switch TFT ST2 may be connected to the same gate
line 17(k). The TFTs may be implemented as p-type, n-type
or a hybrid type of the p-type and the n-type. Further,
semiconductor layers of the TFTs may include amorphous
silicon, polysilicon or an oxide.

[0043] An OLED includes an anode connected to a source
node Ns, a cathode connected to an input terminal of a
low-voltage pixel power supply EVSS, an organic com-
pound layer disposed between the anode and the cathode.
The driving TFT DT controls a driving current flowing
through the OLED according to a voltage difference
between a gate node Ng and the source node Ns. The driving
TFT DT includes a gate electrode connected to the gate node
Ng, a first electrode connected to an input terminal of the
high-voltage pixel power supply EVDD, and a second
electrode connected to the source node Ns. The storage
capacitor Cst is connected between the gate node Ng and the
source node Ns and stores a gate-source voltage of the
driving TFT DT.

[0044] The first switch TFT ST1 allows current to flow
between the data line 15 and the gate node Ng according to
a scan signal SCAN(k) to apply a data voltage charged in the
data line 15 to the gate node Ng. The first switch TFT ST1
includes a gate electrode connected to the gate line 17(%), a
first electrode connected to the data line 15 and a second
electrode connected to the gate node Ng. The second switch
TFT ST2 allows current to flow between the reference
voltage line 16 and the source node Ns according to the scan
signal SCAN(k) to apply a reference voltage charged in the
reference voltage line 16 to the source node Ns or to transfer
avoltage variation in the source node Ns according to a pixel
current to the reference voltage line 16. The second switch
TFT ST2 includes a gate electrode connected to the gate line
17(k), a first electrode connected to the reference voltage
line 16 and a second electrode connected to the source node
Ns.

[0045] The number of gate lines 17 connected to each
pixel PXL may depend on the structure of the pixel PXL. For
example, in the case of a 2-scan pixel structure in which the
first switch TFT ST1 and the second switch TFT ST2 are
differently driven, the number of gate lines 17 connected to
each pixel PXL is 2. In the 2-scan pixel structure, each gate
line 17 includes a first gate line to which a scan signal is
applied and a second gate line to which a sense signal is
applied. On the other hand, in the case of a 1-scan pixel
structure in which the first switch TFT ST1 and the second
switch TFT ST2 are equally driven, one gate line 17 is
connected to each pixel PXL. Although the 1-scan pixel
structure will be exemplified in the following for conve-
nience of description, the technical spirit of the specification
is not limited to the pixel structure or the number of gate
lines.

[0046] The timing controller 110 can generate a source
timing control signal for controlling an operation timing of
the data driver and a gate timing control signal for control-
ling an operation timing of the gate driver on the basis of
timing signals such as a vertical synchronization signal
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Vsync, a horizontal synchronization signal Hsync and a data
enable signal DE input from a host system (not shown). The
gate timing control signal may include a gate start signal,
gate shift clocks, a pixel line selection signal, a sensing start
signal, and the like. The source timing control signal
includes a source start pulse, a source sampling clock, a
source output enable signal, and the like. The source start
pulse controls a data sampling start timing of the data driver.
The source sampling clock controls a data sampling timing
on the basis of a rising or falling edge thereof. The source
output enable signal controls an output timing of the data
driver.

[0047] The timing controller 110 can control a displaying
operation timing and a sensing operation timing for pixel
lines of the display panel 100 on the basis of the gate/source
timing control signals such that driving characteristics of
pixels can be sensed in real time during image display.
[0048] Here, a sensing operation is an operation of writing
data for sensing to pixels PXL disposed in a specific pixel
line to sense driving characteristics of the corresponding
pixels and updating compensation values for compensating
for driving characteristic variations in the corresponding
pixels PXL on the basis of the sensing result. Hereinafter, the
sensing operation is referred to as sensing data writing
(SDW).

[0049] A displaying operation is an operation of writing
input image data RGB to pixel lines in one frame to
reproduce an input image on a display surface of the display
panel 100. Hereinafter, the display operation is referred to as
image data writing (IDW).

[0050] The timing controller 110 may realize IDW in a
vertical active period VWP and realize SDW in a vertical
blank period VBP in which IDW is not performed in one
frame, as shown in FIG. 4. The timing controller 110 outputs
the aforementioned gate timing control signal to the gate
driver for IDW and SDW.

[0051] The timing controller 110 may realize SDW for one
pixel line in one frame, as shown in FIG. 4. Pixel lines for
which SDW is performed may change per frame sequen-
tially or non-sequentially. The luminance of pixel lines for
which SDW is performed is lower than those of other pixel
lines and thus may be visually recognized as line dim.
Accordingly, the timing controller 110 may randomly set
target pixel lines of SDW in advance to temporally and
spatially distribute line dim such that the line dim becomes
less visible.

[0052] The timing controller 110 may correct image data
RGB such that driving characteristic deviations of pixels are
compensated on the basis of sensing results according to
SDW and then transmit the corrected image data RGB to
source drive ICs 120. The timing controller 110 outputs
sensing data which has been internally generated (or set to
a specific value in advance). The sensing data is used to
cause a specific pixel current to flow through pixels PXL of
a target pixel line during SDW. Sensing data to be written to
R, G and B pixels PXL may be set differently in consider-
ation of emission efliciency differences between R, G and B
OLEDs.

[0053] The data driver includes a plurality of source drive
1Cs 120. The source drive ICs 120 receive image data RGB
from the timing controller 110. The source drive ICs 120
converts the image data RGB into gamma compensation
voltages to generate data voltages in response to the source
timing control signal from the timing controller 110 and
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provides the data voltages to the data lines of the display
panel 100 in synchronization with scan signals. The source
drive ICs may be connected to the data lines of the display
panel 100 through a chip on glass (COG) process or a tape
automated bonding (TAB) process.

[0054] Each of the source drive ICs 120 includes a plu-
rality of DACs 121 and a plurality of sensing units (SUs)
122. Each DAC 121 converts input image data RGB into a
data voltage VIDW for IDW and converts sensing data into
a data voltage VSDW for SDW on the basis of a data timing
control signal DDC from the timing controller 110. In
addition, the DAC 121 generates a reference voltage to be
applied to pixels PXL.

[0055] The DAC 121 outputs the data voltage VIDW for
IDW to the data lines 15 in synchronization with a scan
signal SCAN and outputs the reference voltage to the
reference voltage lines 16 in synchronization with a scan
signal SCAN in order to realize IDW.

[0056] The DAC 121 sets up sensing target pixel lines by
outputting the data voltage VSDW for SDW to the data lines
15 in synchronization with a scan signal SCAN and output-
ting the reference voltage to the reference voltage lines 16 in
synchronization with a scan signal SCAN in order to realize
SDW. The sensing units (SUs) 122 sense a pixel current
flowing through pixels PXL of the sensing target pixel lines
through the reference voltage lines 16. After sensing ends,
the DAC 121 outputs a recovery voltage VREC for SDW to
the data lines 15 in synchronization with a scan signal SCAN
to restore display states of the sensing target pixel lines to
states immediately before sensing. The recovery voltage
VREC for SDW may be the data voltage VIDW for IDW.
[0057] The gate driver includes a gate shift register 130
connected to the gate lines and a level shifter 150 for
boosting a voltage level of a signal output from the timing
controller 110 and supplying the signal to the gate shift
register 130.

[0058] The level shifter 150 boosts a transistor-transistor-
logic (TTL) level voltage of the gate timing control signal
input from the timing controller 110 to a gate on voltage and
a gate off voltage that can switch TFTs formed in the pixel
array of the display panel 100. In addition, the level shifter
150 provides the level-shifted gate timing control signal to
the gate shift register 130.

[0059] The gate shift register 130 generates a scan signal
SCAN for IDW and a scan signal SCAN for SDW on the
basis of the gate timing control signal DDC from the timing
controller 110. The gate shift register 130 sequentially
provides the scan signal SCAN for IDW to all gate lines 17
during a vertical active period VWP and provides the scan
signal SCAN for SDW to specific gate lines 17 included in
sensing target pixel lines during a vertical blank period VBP.
[0060] The gate shift register 130 may be directly formed
on the substrate of the display panel 100 through a GIP (Gate
In Panel). The gate shift register 130 is formed in an area
(i.e., a bezel area (BZ)) in which images are not displayed
in the display panel 100. The gate shift register 130 may be
formed in a first bezel area BZ and a second bezel area BZ
of the display panel 100 in order to minimize gate signal
distortion caused by RC delay.

[0061] The gate shift register 130 includes a plurality of
stages which output gate signals on the basis of N-phase
clocks. Each stage connects holding transistors to a scan
output terminal and a Q node to stabilize a voltage of the
scan output terminal and a voltage of the Q node. On the
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other hand, each stage removes holding transistors from a
carry output terminal to simplify a stage circuit configura-
tion and reduce an area in which the stage is mounted. Each
stage complements a side effect caused by removal of the
holding transistors from the carry output terminal by apply-
ing a diode input structure as a carry input structure. Further,
each stage can further simplify the stage circuit configura-
tion by simultaneously controlling a first pull-up transistor
that outputs a carry signal and a second pull-up transistor
that outputs a scan signal using the same Q node. Moreover,
each stage may further include a sensing line selector to be
suited to SDW. This stage configuration will be described in
detail with reference to FIGS. 10 to 12.

[0062] FIG. 5 is a diagram showing a scan signal for IDW
and a data signal synchronized with the scan signal. FIG. 6 A
is an equivalent circuit diagram of a pixel corresponding to
a programming period of FIG. 5 and FIG. 6B is an equiva-
lent circuit diagram of a pixel corresponding to an emission
period of FIG. 5.

[0063] FIG. 5 illustrates a scan signal SCAN(k) and a data
signal for IDW applied to pixels PXL of a k-th pixel line.
The data signal includes a data voltage VIDW for IDW and
a reference voltage Vref. Referring to FIG. 5, one frame for
IDW includes a programming period Tp in which a voltage
between a gate node Ng and a source node Ns is set to be
suited to a pixel current for displaying images and an
emission period Te in which OLEDs emit light according to
the pixel current.

[0064] Referring to FIGS. 5 and 6A, the first switch TFT
ST1 of the pixel is turned on according to the scan signal
SCAN(k) for IDW at a gate on voltage GON to apply the
data voltage VIDW for IDW to the gate node Ng in the
programming period Tp. The second switch TFT ST2 of the
pixel is turned on according to the scan signal SCAN(k) for
IDW at the gate on voltage GON to apply the reference
voltage Vref to the source node Ns in the programming
period Tp. Accordingly, the voltage between the gate node
Ng and the source node Ns of the pixel is set to be suited to
a desired pixel current in the programming period Tp.

[0065] Referring to FIGS. 5 and 6B, the first switch TFT
ST1 and the second switch TFT ST2 of the pixel is are
turned off in the emission period Te. The voltage Vgs
between the gate node Ng and the source node Ns which has
been set in the pixel in the programming period Tp is
maintained in the emission period Te. Since the voltage Vgs
between the gate node Ng and the source node Ns is higher
than a threshold voltage of the driving TFT DT of the pixel,
a pixel current Ioled flows through the driving TFT DT of
the pixel during the emission period Te. The electric poten-
tial of the gate node Ng and the electric potential of the
source node Ns are boosted while maintaining the voltage
Vgs between the gate node Ng and the source node Ns
according to the pixel current Ioled in the emission period
Te. When the electric potential of the source node Ns is
boosted to an operating point level of the OLED, the OLED
of the pixel emits light.

[0066] FIG. 7 is a diagram showing a scan signal for SDW
and a data signal synchronized with the scan signal. FIG. 8A
is an equivalent circuit diagram of a pixel corresponding to
a setup period of FIG. 7. FIG. 8B is an equivalent circuit
diagram of a pixel corresponding to a sensing period of FIG.
7. FIG. 8C is an equivalent circuit diagram of a pixel
corresponding to a reset period of FIG. 7.



US 2020/0074937 A1

[0067] FIG. 7 illustrates a scan signal SCAN(k) and a data
signal for SDW applied to pixels PXL of the k-th pixel line.
The data signal includes a data voltage VSDW for SDW, a
recovery voltage VREC for SDW and a reference voltage
Vref. Referring to FIG. 7, a vertical blank period VBP for
SDW includes a setup period @ in which the voltage
between the gate node Ng and the source node N is set to
be suited to a pixel current for sensing, a sensing period

in which the pixel current is sampled, and a reset period

in which the voltage between the gate node Ng and the
source node N is restored to the state immediately before
the setup period @

[0068] Referring to FIGS. 7 and 8A, the first switch TFT
ST1 of the pixel is turned on according to the scan signal
SCAN(k) for SDW at the gate on voltage GON to apply the
data voltage VSDW for SDW to the gate node Ng in the
setup period @ The second switch TFT ST2 of the pixel is
turned on according to the scan signal SCAN(k) for SDW at
the gate on voltage GON to apply the reference voltage Vref
to the source node Ns in the setup period (1). Accordingly,
the voltage between the gate node Ng and the source node
Ns is set to be suited to a pixel current for sensing in the
setup period @

[0069] Referring to FIGS. 7 and 8B, the first switch TFT
ST1 of the pixel is turned off but the second switch TFT ST2
maintains in a turn-on state in the sensing period @ In
addition, the reference voltage line 16 is disconnected from
the DAC and is connected to the sensing unit SU. The
sensing unit SU samples a pixel current Ipix for sensing
input through the second switch TFT ST2 and the reference
voltage line 16 in the sensing period @

[0070] Referring to FIGS. 7 and 8C, the first switch TFT
ST1 of the pixel is turned on according to the scan signal
SCAN(k) for SDW at the gate on voltage GON to apply a
recovery data voltage VREC to the gate node Ng in the reset
period @ The recovery data voltage VREC may be a data
voltage for IDW. The reference voltage line 16 is re-
connected to the DAC and the second switch TFT ST2 of the
pixel is turned on according to the scan signal SCAN(k) for
SDW at the gate on voltage GON to apply the reference
voltage Vref to the source node Ns in the reset period @
Accordingly, the voltage between the gate node Ng and the
source node N is restored to the state immediately before
SDW, that is, IDW state in the reset period (3).

[0071] FIG. 9 is a diagram showing connection between
signal lines and stages 132 included in the gate shift register
130.

[0072] Referring to FIG. 9, the gate shift register 130
according to an embodiment of the present disclosure
includes a plurality of dependently connected stages 132.
The stages 132 may be GIP elements formed through a GIP
(Gate driver In Panel) method. At least one upper dummy
stage may be further provided before the uppermost stage
and at least one lower dummy stage may be further provided
after the lowermost stage. However, the present disclosure is
not limited thereto.

[0073] The stages 132 generate gate signals on the basis of
a power supply voltage PS, a gate start signal VSP and gate
shift clocks CLKs input through signal lines. Gate signals
may include scan signals SCAN(n) to SCAN(n+3) and carry
signals CRY(n) to CRY(n+3).

[0074] The stages 132 generate scan signals SCAN(n) and
provides the scan signals SCAN(n) to the gate lines 17 of the
display panel 100. The stages 132 can prevent carry signals
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from being distorted due to gate load by independently
generating the carry signals CRY(n) to CRY(n+3). The
stages 132 generate the carry signals CRY(n) to CRY(n+3),
provide the carry signals to following stages as preceding
carry signals and provide the carry signals to preceding
stages as following carry signals. A preceding carry signal is
an internal start signal for activating a Q node and a
following carry signal is an internal reset signal for deacti-
vating the Q node.

[0075] Each stage 132 activates the operation of the Q
node according to a gate start signal VSP or a preceding
carry signal applied to a carry input terminal for each frame.
The preceding carry signal is a carry signal CRY applied
from one of preceding stages. Each stage 132 deactivates the
operation of the Q node according to a following carry signal
applied to the carry input terminal for each frame. The
following carry signal is a carry signal CRY applied from
one of following stages.

[0076] The gate start signal VSP and the gate shift clocks
CLKs are signals commonly supplied to the stages 132. The
gate shift clocks CLKs implemented as N-phase (N is a
natural number) clocks having different phases may include
N-phase carry clocks and N-phase scan clocks.

[0077] The scan clocks are clock signals for generating the
scan signals SCAN(n) to SCAN(n+3) and carry clocks are
clock signals for generating the carry signals CRY(n) to
CRY (n+3). The scan clocks swing between a gate on voltage
and a gate off voltage to be synchronized with the scan
signals SCAN(n) to SCAN(n+3). The carry clocks swing
between the gate on voltage and the gate off voltage to be
synchronized with the carry signals CRY(n) to CRY(n+3).

[0078] The gate shift clocks CLKs may be overlap-driven
in order to secure sufficient charging time during high-speed
operation. Gate on voltage periods of the gate shift clocks
CLKs can overlap by a predetermined time according to
overlap driving.

[0079] Each stage 132 may be provided with the power
supply voltage PS from an external power supply unit (not
shown). The power supply voltage PS includes a high power
supply voltage and a low power supply voltage. The high
power supply voltage may be set to the gate on voltage, for
example, 28V. The low power supply voltage may be set to
a plurality of gate off voltages, for example, -6V and 12V,
in order to restrain leakage current of transistors belonging
to each stage 132. In this case, scan clocks can swing
between -6V and 12V and carry clocks can swing between
-12V and 12V. In other words, the swing width of the carry
clocks may be greater than that of the scan clocks. In
addition, the swing width of the carry signals CRY(n) to
CRY(n+3) may be greater than that of the scan signals
SCAN(n) to SCAN(n+3). This is effective to restrain dete-
rioration of a pull-down transistor having a gate electrode
connected to a QB node in each stage.

[0080] FIG. 10 is a circuit diagram showing one stage 132
included in the gate shift register 130 of FIG. 9.

[0081] Referring to FIG. 10, an n-th stage 132 generates
an n-th carry signal CR(n), provides the n-th carry signal
CR(n) to one of preceding stages and provides the n-th carry
signal CR(n) to one of following stages. The n-th stage 132
generates an n-th scan signal SCAN(n) and provides the n-th
scan signal SCAN(n) to an n-th gate line.

[0082] To this end, the n-th stage 132 includes an input &
reset unit BLK1, an inverter BLK2, an output unit BLK3 and
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a stabilizer BLK4 and may further include a sensing line
selector BLKS for realizing real-time sensing.

[0083] The input & reset unit BLK1 charges the Q node
with a gate on voltage according to a preceding carry signal
CR(n-4) from an (n-4)-th stage and discharges the Q node
to a gate off voltage according to a following carry signal
CR(n+4) from an (n+4)-th stage. The input & reset unit
BLK1 includes a transistor T11 that charges the Q node
according to the preceding carry signal CR(n-4) and a
transistor T12 that discharges the Q node to a low power
supply voltage GVSS (i.e., gate off voltage) according to the
following carry signal CR(n+4). The transistor T11 is an
input transistor and is diode-connected between the input
terminal of the preceding carry signal CR(n—4) and the Q
node such that abnormal output, that is, ripples, which may
be included in the preceding carry signal CR(n-4) can be
effectively discharged. In other words, the gate electrode and
the first electrode of the transistor T11 are connected to the
input terminal of the preceding carry signal CR(n-4) and the
second electrode of the transistor T11 is connected to the Q
node. The transistor T12 is a reset transistor, the following
carry signal CR(n+4) is applied to the gate electrode of the
transistor T12, the first electrode of the transistor T12 is
connected to the Q node and the low power supply voltage
GVSS is applied to the second electrode of the transistor
T12.

[0084] The inverter BLK2 charges/discharges the voltage
of a QB node according to the voltage of the Q node in a
manner reverse to charging/discharging of the Q node. The
inverter BLK2 includes a transistor T24 that discharges the
QB node to the low power supply voltage GVSS (i.e., gate
off voltage) when the Q node is charged with the gate on
voltage, transistors T21 to T23 that charge the QB node with
the high power supply voltage GVDD (i.e., gate on voltage)
when the Q node is discharged to the gate off voltage, and
a transistor T25 that discharges the Q node to the low power
supply voltage GVSS according to the preceding carry
signal CR(n-4). The gate electrode of the transistor T21 is
connected to an NX node, the high power supply voltage
GVDD is applied to the first electrode of the transistor T21
and the second electrode of the transistor T21 is connected
to the QB node. The high power supply voltage GVDD is
applied to the gate electrode and the first electrode of the
transistor T22 and the second electrode of the transistor T22
is connected to the NX node. The gate electrode of the
transistor T23 is connected to the Q node, the first electrode
of the transistor T23 is connected to the NX node and the
low power supply voltage GVSS is applied to the second
electrode of the transistor T23. The gate electrode of the
transistor T24 is connected to the Q node, the first electrode
of the transistor T24 is connected to the QB node, and the
low power supply voltage GVSS is applied to the second
electrode of the transistor T24. The preceding carry signal
CR(n-4) is input to the gate electrode of the transistor T25,
the first electrode of the transistor T25 is connected to the
QB node and the low power supply voltage GVSS is applied
to the second electrode of the transistor T25.

[0085] The output unit BLK3 includes a pull-up transistor
T31 that outputs a carry clock CRCLK(n) as a carry signal
CR(n) while the Q node is bootstrapped to a voltage higher
than the gate on voltage and a pull-up transistor T32 that
outputs a scan clock SCCLK(n) as a scan signal SCAN(n).
The gate electrode of the pull-up transistor T31 is connected
to the Q node, the carry clock CRCLK(n) is input to the first
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electrode of the pull-up transistor T31, and the second
electrode of the pull-up transistor T31 is connected to a first
output terminal NO1. The gate electrode of the pull-up
transistor T32 is connected to the Q node, the scan clock
SCCLK(n) is input to the first electrode of the pull-up
transistor T32, and the second electrode of the pull-up
transistor T32 is connected to a second output terminal NO2.
A booster capacitor Co for bootstrapping may be addition-
ally connected between the gate electrode of the pull-up
transistor T32 and the second output terminal NO2.

[0086] The stabilizer BLK4 includes a holding transistor
T41 which restrains ripples of the second output terminal
NO2 and a holding transistor T42 which restrains ripples of
the Q node while the QB node is charged with the gate on
voltage. That is, the holding transistors T41 and T42 are
connected to the second output terminal NO2 and the Q node
other than the first output terminal NO1. Any holding
transistor is not connected to the first output terminal NO1
such that the stage circuit configuration can be simplified.
The holding transistors T41, T42 are electrically isolated
from the first output terminal NO1, as no terminal of the
holding transistors T41, T42 is connected to the first output
terminal NO1.

[0087] The holding transistor T41 connects the second
output terminal NO2 to the terminal for the low power
supply voltage GVSS of the gate off voltage while the gate
on voltage is applied to the QB node. The gate electrode of
the holding transistor T41 is connected to the QB node and
the first electrode and the second electrode of the holding
transistor T41 are connected to the second output terminal
NO2 and the terminal for the low power supply voltage
GVSS.

[0088] The holding transistor T42 connects the Q node to
the terminal for the low power supply voltage GVSS of the
gate off voltage while the gate on voltage is applied to the
QB node. The gate electrode of the holding transistor T42 is
connected to the QB node and the first electrode and the
second electrode of the holding transistor T42 are connected
to the Q node and the terminal for the low power supply
voltage GVSS.

[0089] Since any transistor is not connected to the first
output terminal NO1 (e.g., as shown in FIG. 12 as “holding
transistor omitted”), ripples may be included in the carry
signal CR(n) output from the first output terminal NO1
while the gate on voltage is applied to the QB node due to
external circuit interference or the like. Ripple components
included in carry signals may be removed through a ripple
discharge path shown in FIG. 12. Such a ripple discharge
path can be easily realized by connecting the input transistor
T11 in a diode mode. That is, a ripple discharge path can be
formed between the input terminal of the preceding carry
signal CR(n—-4) and the Q node and between the Q node and
the terminal for the low power supply voltage GVSS while
the gate on voltage is applied to the QB node. A ripple
component included in the preceding carry signal CR(n—4)
of the (n-4)-th stage can be discharged to the terminal for the
low power supply voltage GVSS through a ripple discharge
path of the n-th stage and thus does not affect carry output
and scan output of the n-th stage.

[0090] The sensing line selector BLKS5 stores a preceding
carry signal CR(n-2) input from one (for example, the
(n-2)-th stage) of preceding stages at an M node according
to a pixel line selection signal LSP and activates the Q node
to the gate on voltage according to the voltage of the M node
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and a sensing start signal SRT. The pixel line selection signal
LSP is applied to one (for example, the n-th stage) of the
stages during a vertical active period VWP in which image
data is written and the sensing start signal SRT is applied to
the one stage during a vertical blank period VBP following
the vertical active period VWP, in which image data is not
written, as show in FIG. 11, such that SDW can be per-
formed for each pixel line for each frame.

[0091] The M node of the n-th stage stores the preceding
carry signal CR(n-2) according to the pixel line selection
signal LSP in the vertical active period VWP to prepare
SDW. In addition, the n-th stage activates the Q node to the
gate on voltage according to the sensing start signal SRT in
the vertical blank period VBP to output the scan signal
SCAN(n) for SDW.

[0092] In this manner, stages which prepares and performs
SDW changes every frame according to the pixel line
selection signal LSP and the sensing start signal SRT.
[0093] The sensing line selector BLKS includes a transis-
tor T51 which is turned on according to the pixel line
selection signal LSP to apply the preceding carry signal
CR(n-2) to the M node, a capacitor Cx which stores the
preceding carry signal CR(n-2) applied to the M node, a
transistor T52, and a transistor T53. The transistor T52 and
the transistor T53 are serially connected between the termi-
nal for the high power supply voltage GVDD of the gate on
voltage and the Q node and apply the high power supply
voltage GVDD (i.e., the gate on voltage) to the Q node
according to the voltage of the M node and the sensing start
signal SRT.

[0094] A gate driver and an organic light-emitting display
device according to various embodiments of the disclosure
may be described as follows.

[0095] A gate driver comprises a plurality of stages,
wherein each of the stages comprises: a first pull-up tran-
sistor configured to output a carry clock to a first output
terminal as a carry signal while a Q node is bootstrapped to
a voltage higher than a gate on voltage; a second pull-up
transistor configured to output a scan clock to a second
output terminal as a scan signal while the Q node is
bootstrapped; and holding transistors operating according to
a voltage of a QB node charged and discharged in a manner
reverse to the Q node, wherein the holding transistors are
connected to the second output terminal and the Q node
other than the first output terminal.

[0096] The holding transistors comprise: a first holding
transistor configured to connect the second output terminal
to a low power supply voltage terminal supplying a gate off
voltage while the gate on voltage is applied to the QB node;
and a second holding transistor configured to connect the Q
node to the low power supply voltage terminal while the gate
on voltage is applied to the QB node.

[0097] Each of the stages further comprises an input
transistor for directly applying a preceding carry signal input
from one of preceding stages to the Q node to activate the
Q node to the gate on voltage.

[0098] The input transistor is diode-connected between an
input terminal of the preceding carry signal and the Q node.
[0099] A gate electrode and a first electrode of the input
transistor are connected to the input terminal of the preced-
ing carry signal, and a second electrode of the input tran-
sistor is connected to the Q node.

[0100] A ripple discharge path is formed between the input
terminal of the preceding carry signal and the Q node and
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between the Q node and the low power supply voltage
terminal while the gate on voltage is applied to the QB node.
[0101] Each of the stages further comprises a sensing line
selector configured to store a preceding carry signal input
from one of preceding stages at an M node according to a
pixel line selection signal and activating the Q node to the
gate on voltage according to the voltage of the M node and
a sensing start signal.

[0102] The pixel line selection signal is applied to one of
the stages during a vertical active period in which image data
is written in one frame.

[0103] The sensing start signal is applied to the one stage
during a vertical blank period following the vertical active
period, in which image data is not written.

[0104] The sensing line selector comprises: a first transis-
tor turned on according to the pixel line selection signal to
apply the preceding carry signal to the M node; a capacitor
storing the preceding carry signal applied to the M node; and
second and third transistors serially connected between a
high power supply voltage terminal supplying the gate on
voltage and the Q node to apply the gate on voltage to the
Q node according to the voltage of the M node and the
sensing start signal.

[0105] An organic light-emitting display device comprises
a gate driver and a plurality of pixels connected to the gate
driver through gate lines.

[0106] The present disclosure can simplify stage circuits
to reduce a bezel area by removing holding transistors from
carry output terminals of the stages constituting the gate
shift register. Accordingly, the number of transistors is
reduced to decrease a failure rate and improve production
yield.

[0107] The present disclosure can form a discharge path in
a stage by applying a diode input structure as a carry input
structure to complement a side effect caused by removal of
holding transistors from carry output terminals.

[0108] The present disclosure can further simplify the
stage circuit configuration to further reduce the bezel area by
simultaneously controlling the first pull-up transistor which
outputs a carry signal and the second pull-up transistor
which outputs a scan signal using the same Q node in each
of the stages constituting the gate shift register.

[0109] The present disclosure can easily realize real-time
sensing by including the sensing line selector in the stages
constituting the gate shift register.

[0110] The effects of the present disclosure are not limited
to the above description and various effects are included in
the specification.

[0111] Those skilled in the art will appreciate that various
modifications and variations can be made in the present
disclosure without departing from the spirit or scope of the
disclosure through the above description. Accordingly, the
technical scope of the present disclosure should not be
limited to the detailed description of the specification but
should be determined by the claims.

[0112] The various embodiments described above can be
combined to provide further embodiments. These and other
changes can be made to the embodiments in light of the
above-detailed description. In general, in the following
claims, the terms used should not be construed to limit the
claims to the specific embodiments disclosed in the speci-
fication and the claims, but should be construed to include
all possible embodiments along with the full scope of
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equivalents to which such claims are entitled. Accordingly,
the claims are not limited by the disclosure.

1. A gate driver, comprising:

a plurality of stages, each of the stages including:

a first pull-up transistor configured to output a carry
clock to a first output terminal as a carry signal while
a Q node is bootstrapped to a voltage higher than a
gate on voltage;

a second pull-up transistor configured to output a scan
clock to a second output terminal as a scan signal
while the Q node is bootstrapped; and

holding transistors configured to operate based on a
voltage of a QB node, the QB node configured to be
charged and discharged in a manner reverse to charg-
ing and discharging of the Q node,

wherein the holding transistors are connected to the
second output terminal and the Q node, and the
holding transistors are electrically isolated from the
first output terminal.

2. The gate driver of claim 1, wherein the holding
transistors comprise:

a first holding transistor configured to connect the second
output terminal to a low power supply voltage terminal
supplying a gate off voltage while the gate on voltage
is applied to the QB node; and

a second holding transistor configured to connect the Q
node to the low power supply voltage terminal while
the gate on voltage is applied to the QB node.

3. The gate driver of claim 2, wherein each of the stages
further includes an input transistor for directly applying a
preceding carry signal input from a preceding one of the
plurality of stages to the Q node to activate the Q node to the
gate on voltage.

4. The gate driver of claim 3, wherein the input transistor
is diode-connected between an input terminal of the preced-
ing carry signal and the Q node.

5. The gate driver of claim 4, wherein a gate electrode and
a first electrode of the input transistor are connected to the
input terminal of the preceding carry signal, and a second
electrode of the input transistor is connected to the Q node.

6. The gate driver of claim 5, wherein a ripple discharge
path is formed between the input terminal of the preceding
carry signal and the Q node and between the QQ node and the
low power supply voltage terminal while the gate on voltage
1s applied to the QB node.

7. The gate driver of claim 1, wherein each of the stages
further includes a sensing line selector configured to store a
preceding carry signal input from a preceding one of the
stages at an M node according to a pixel line selection signal
and to activate the Q node to the gate on voltage according
to a voltage of the M node and a sensing start signal.

8. The gate driver of claim 7, wherein the pixel line
selection signal is applied to one of the stages during a
vertical active period in which image data is written in one
frame.

9. The gate driver of claim 8, wherein the sensing start
signal is applied to the one stage during a vertical blank
period following the vertical active period, in which image
data is not written.

10. The gate driver of claim 7, wherein the sensing line
selector comprises:

a first transistor that is turned on according to the pixel

line selection signal to apply the preceding carry signal

to the M node;
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a capacitor storing the preceding carry signal applied to
the M node; and

second and third transistors serially connected between a
high power supply voltage terminal supplying the gate
on voltage and the Q node, the second and third
transistors configured to apply the gate on voltage to
the Q node according to the voltage of the M node and
the sensing start signal.

11. An organic light-emitting display device, comprising:

a gate driver having a plurality of stages, each of the
stages including:

a first pull-up transistor configured to output a carry
clock to a first output terminal as a carry signal while
a Q node is bootstrapped to a voltage higher than a
gate on voltage;

a second pull-up transistor configured to output a scan
clock to a second output terminal as a scan signal
while the Q node is bootstrapped; and

holding transistors configured to operate based on a
voltage of a QB node, the QB node configured to be
charged and discharged in a manner reverse to charg-
ing and discharging of the Q node, the holding
transistors being connected to the second output
terminal and the Q node, the holding transistors
being electrically isolated from the first output ter-
minal; and

a plurality of pixels connected to the gate driver through

a plurality of gate lines.

12. The organic light-emitting display device of claim 11,
wherein the holding transistors comprise:

a first holding transistor configured to connect the second
output terminal to a low power supply voltage terminal
supplying a gate off voltage while the gate on voltage
is applied to the QB node; and

a second holding transistor configured to connect the Q
node to the low power supply voltage terminal while
the gate on voltage is applied to the QB node.

13. The organic light-emitting display device of claim 12,
wherein each of the stages further includes an input tran-
sistor for directly applying a preceding carry signal input
from a preceding one of the plurality of stages to the Q node
to activate the Q node to the gate on voltage.

14. The organic light-emitting display device of claim 13,
wherein the input transistor is diode-connected between an
input terminal of the preceding carry signal and the Q node.

15. The organic light-emitting display device of claim 14,
wherein a gate electrode and a first electrode of the input
transistor are connected to the input terminal of the preced-
ing carry signal, and a second electrode of the input tran-
sistor is connected to the Q node.

16. The organic light-emitting display device of claim 15,
wherein a ripple discharge path is formed between the input
terminal of the preceding carry signal and the Q node and
between the Q node and the low power supply voltage
terminal while the gate on voltage is applied to the QB node.

17. The organic light-emitting display device of claim 11,
wherein each of the stages further includes a sensing line
selector configured to store a preceding carry signal input
from a preceding one of the stages at an M node according
to a pixel line selection signal and to activate the Q node to
the gate on voltage according to a voltage of the M node and
a sensing start signal.
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18. The organic light-emitting display device of claim 17,
wherein the pixel line selection signal is applied to one of the
stages during a vertical active period in which image data is
written in one frame.

19. The organic light-emitting display device of claim 18,
wherein the sensing start signal is applied to the one stage
during a vertical blank period following the vertical active
period, in which image data is not written.

20. The organic light-emitting display device of claim 17,
wherein the sensing line selector comprises:

a first transistor that is turned on according to the pixel
line selection signal to apply the preceding carry signal
to the M node;

a capacitor storing the preceding carry signal applied to
the M node; and

second and third transistors serially connected between a
high power supply voltage terminal supplying the gate
on voltage and the Q node, the second and third
transistors configured to apply the gate on voltage to
the Q node according to the voltage of the M node and
the sensing start signal.

I I T T
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