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(54) SRAM core cell for light-emitting display

(57) A SRAM core cell for a light-emitting display ap-
plicable to a data driver of an organic electro-lumines-
cence light-emitting display device includes thin film
transistors as a data memory for a data driver of the
light-emitting display. The SRAM core cell also includes
switching transistors and data memory transistors. The
switching transistors are coupled to a bit line and a word
line to select data writing or reading. The data memory

transistors are coupled to a power voltage or a ground
voltage to enable data writing and reading. The bit line
and the word line are formed in first and second direc-
tions. The channels of the switching transistors and the
data memory transistors are formed in an oblique direc-
tion with respect to the first and second directions.
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Description

BACKGROUND OF THE INVENTION

(a) Field of the Invention

[0001] The present invention relates to a static RAM
(SRAM) core cell. More specifically, the present inven-
tion relates to a SRAM core cell for a light-emitting dis-
play, and is applicable to a data driver of an organic elec-
troluminescence (EL) light-emitting display device.

(b) Description of the Related Art

[0002] The organic EL light-emitting display is a de-
vice for displaying an image by controlling a current flow-
ing to an organic material that emits light when the cur-
rent flows to it. In the organic EL light-emitting display,
the organic material is divided by pixels and arranged
in a matrix form. The organic EL light-emitting display is
promising as a next-generation display device because
of its advantages such as low-voltage driving require-
ment, light weight, slim design, wide viewing angle, rap-
id response, etc.
[0003] FIG. 1 illustrates the principle of light emission
of a typical organic EL.
[0004] In general, an organic EL light-emitting display,
which is a display device that electrically excites a fluo-
rescent organic compound to emit light, drives N 3 M
organic light-emitting cells by voltage or current to rep-
resent an image. The organic light-emitting cell has a
structure of FIG. 1 that includes an ITO (Indium Tin Ox-
ide) pixel electrode, an organic thin film, and a metal
layer. The organic thin film is a multi-layer structure that
includes a light-emitting layer (EML), an electron trans-
port layer (ETL), and a hole transport layer (HTL) to keep
electrons and holes in good balance and enhance the
light-emitting efficiency. The organic thin film may also
include an electron injecting layer (EIL) and a hole in-
jecting layer (HIL).
[0005] There are typically two driving methods for the
organic light-emitting cells: the passive matrix method
and the active matrix method using TFTs. The passive
matrix method involves selectively driving anode and
cathode lines arranged orthogonally to each other, while
the active matrix method involves coupling TFTs and ca-
pacitors to the respective pixel electrodes and sustain-
ing a voltage according to a capacitor capacity.
[0006] FIG. 2 is a schematic block diagram of a typical
organic EL display device.
[0007] Referring to FIG. 2, the organic EL display de-
vice includes a video controller 210, a panel controller
220, a power module 230, a scan driver 240, a data driv-
er 250, and an organic EL panel 260. The scan driver
240 and the data driver 250 supply various signals to
the organic EL panel 260 in the column and row direc-
tions via analog and digital interfaces, respectively.
[0008] More specifically, various analog signals such

as R, G, and B signals and sync signals are fed into the
video controller 210 and converted into digital signals.
The panel controller 220 controls the converted digital
signals and supplies them to the scan driver 240 and
the data driver 250 in sequence. The organic EL panel
260 drives N 3 M organic light-emitting cells by voltage
or current using the signals supplied from the scan driver
240 and the data driver 250, and the power supplied
from the power module 230 to represent an image.
[0009] FIG. 3 shows a general active matrix organic
EL display panel using TFTs.
[0010] Referring to FIG. 3, the organic EL display de-
vice includes an organic EL display panel 310, a data
driver 320, and a scan driver 330.
[0011] The organic EL display panel 310 includes m
data lines D1, D2, ..., Dm arranged in columns; n scan
lines S1, S2, ..., Sn arranged in rows; and n 3 m pixel
circuits. The m data lines D1, D2, ..., Dm transfer data
signals representing image signals to the pixel circuits,
and the n scan lines S1, S2, ..., Sn transfer selection
signals to the pixel circuits. Each pixel circuit is formed
in one pixel area 310-1 defined by two adjacent ones of
the m data lines D1, D2, ..., Dm, and two adjacent ones
of the n scan lines S1, S2, ..., Sn. The pixel circuit in-
cludes, for example, transistors 311 and 312, a capaci-
tor 313, and an organic EL diode 314. Here, reference
numeral 315 denotes a power voltage Vdd.
[0012] More specifically, each pixel circuit 310-1 in-
cludes the organic EL diode (OLED) 314, two transistors
311 and 312, and the capacitor 313. For example, the
two transistors 311 and 312 may be PMOS transistors.
[0013] The driving transistor 312 has its source cou-
pled to the power voltage Vdd, and the capacitor 313
coupled between its gate and source. The capacitor 313
sustains the gate-source voltage of the driving transistor
312 for a predetermined time period, and the switching
transistor 311 transfers a data voltage from the data line
Dm to the driving transistor 312 in response to the se-
lection signal from the current scan line Sn.
[0014] The organic EL diode 314 has its cathode cou-
pled to a reference voltage Vss, and emits a light corre-
sponding to a current applied through the driving tran-
sistor 312. Here, the power Vss coupled to the cathode
of the organic EL diode 314 is lower than the power Vdd
and can be a ground voltage.
[0015] The scan driver 330 sequentially applies the
selection signal to the n scan lines S1, S2, ..., Sn, while
the data driver 320 sequentially applies a data voltage
corresponding to the image signal to the m data lines
D1, D2, ..., Dm.
[0016] The scan driver 330 and/or the data driver 320
may be coupled to the organic EL display panel 310, or
mounted as a chip in a tape carrier package (TCP) sol-
dered and coupled to the organic EL display panel 310.
Alternatively, the scan driver 330 and/or the data driver
320 may be mounted as a chip in a flexible printed circuit
(FPC) or a film soldered and coupled to the display panel
310.
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[0017] Moreover, the scan driver 330 and/or the data
driver 320 may be directly mounted on a glass substrate
of the organic EL display panel 310, or substituted by
driver circuitry including the same layers of the scan
lines, the data lines, and the TFTs on the glass sub-
strate.
[0018] FIG. 4 is a circuit diagram of a CMOS SRAM
core cell according to prior art.
[0019] The CMOS SRAM core cell according to prior
art is used with the data driver 320 to implement the or-
ganic EL display device as an SOP (System On Pack-
age), and is designed as a SRAM having six TFTs. The
SRAM stores the data to be displayed on the organic
EL panel 260.
[0020] Referring to FIG. 4, symbols "MP1" and "MP2"
denote pull-up transistors, symbols "MN1" and "MN2"
denote pull-down transistors, and symbols "MP3" and
"MP4" denote pass transistors for a data access. Here,
MP1 to MP4 are PMOS transistors, and MN1 and MN2
are NMOS transistors. The MP1 and the MN1, and the
MP2 and the MN2 are implemented as CMOS transis-
tors and arranged in a latch configuration.
[0021] In the CMOS RAM core cell according to prior
art, a plurality of NMOS and PMOS transistors must be
formed with a predetermined width and a predetermined
length, with a restriction on a design of the layout, allow-
ing no flexibility of design and causing defects in the fab-
rication process.

SUMMARY OF THE INVENTION

[0022] In one embodiment, the present invention is a
SRAM core cell for a light-emitting display that has an
enhanced integration level of a defined layout space by
forming the gate channel of a thin film transistor (TFT)
constituting the SRAM core cell in an oblique direction.
[0023] In one embodiment, the present invention is a
SRAM core cell for a light-emitting display that secures
a process margin to prevent defects in the fabrication
process by enhancing the efficiency of a defined layout
space.
[0024] In one aspect of the present invention, there is
provided a static RAM (SRAM) core cell for a light-emit-
ting display includes a plurality of thin film transistors
each having a gate, a source, and a drain as a data
memory for a data driver of the light-emitting display.
The SRAM core cell includes switching transistors and
data memory transistors. The switching transistors are
coupled to a bit line and a word line so as to select writing
or reading of data. The data memory transistors are cou-
pled to a power voltage (Vdd) or a ground voltage (Vss)
so as to enable writing and reading of data. The bit line
and the word line are formed in first and second direc-
tions, respectively. The channels of the switching tran-
sistors and the data memory transistors are formed in
an oblique direction with respect to the first and second
directions, respectively.
[0025] Here, the oblique direction is a clockwise di-

rection or a counterclockwise direction with respect to
the first or second direction.
[0026] The switching transistors or the data memory
transistors arranged in an oblique direction include a
polysilicon layer deposited in an oblique direction on a
substrate.
[0027] In another aspect of the present invention, a
SRAM core cell includes six thin film transistors each
having a gate, a source, and a drain. The SRAM core
cell includes a first switching transistor, a second switch-
ing transistor, and first to fourth data memory transistors.
The first switching transistor has a gate coupled to a
word line, and a source/drain coupled to a first bit line
to select an input to the first bit line according to an input
signal to the word line. The second switching transistor
has a gate coupled to the word line, and a source/drain
coupled to a second bit line to select an input to the sec-
ond bit line according to an input signal to the word line.
The first to fourth data memory transistors are coupled
to a power voltage or a ground voltage to enable writing
or reading of data under the control of the first and sec-
ond switching transistors. The bit lines and the word line
are formed in first and second directions, respectively.
The channels of the first and second switching transis-
tors and the first to fourth data memory transistors are
formed in an oblique direction with respect to the first
and second directions, respectively.
[0028] Here, the first and second switching transistors
and the first to fourth data memory transistors are ar-
ranged in sequence on a layout space of a predeter-
mined area.
[0029] In still another aspect of the present invention,
a semiconductor device includes a substrate and a plu-
rality of transistors each having a gate and a source/
drain formed on an active region deposited on the sub-
strate. The channels of the transistors formed on the ac-
tive region are formed in an oblique direction with re-
spect to a layout width or length direction on a layout
space of a predetermined area.
[0030] Here, the oblique direction is a clockwise di-
rection or a counterclockwise direction with respect to
the layout width or length direction.
[0031] The channels of the transistors formed on the
active region and arranged in an oblique direction are
preferably arranged in sequence. The transistors ar-
ranged in an oblique direction on the active region in-
clude a polysilicon layer deposited in an oblique direc-
tion with respect to a vertical direction on the substrate.
[0032] In one embodiment, the present invention ar-
ranges transistors in sequence so as to form a polysili-
con layer or channels forming the transistors in an ob-
lique direction in a defined region in designing a SRAM
for a data driver of a light-emitting display, thereby en-
hancing the layout efficiency of the core cell and imple-
menting a light-emitting display device of a high integra-
tion level.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The accompanying drawings, which are incor-
porated in and constitute a part of the specification, il-
lustrate an embodiment of the invention, and, together
with the description, serve to explain the principles of
the invention.
[0034] FIG. 1 illustrates the principle of light emission
of an organic EL display device.
[0035] FIG. 2 is a schematic block diagram of an or-
ganic EL display device.
[0036] FIG. 3 shows a general active matrix organic
EL display panel using TFTs.
[0037] FIG. 4 is a circuit diagram of a CMOS SRAM
core cell for an EL display device.
[0038] FIG. 5 shows a layout of a CMOS RAM core
cell for a light-emitting display according to an embodi-
ment of the present invention.
[0039] FIG. 6 is a circuit diagram showing the layout
part taken in an oblique direction in the CMOS RAM core
cell shown of FIG. 5.
[0040] FIG. 7 is a diagram specifically showing the
layout taken in an oblique direction in the CMOS RAM
core cell according to an embodiment of the present in-
vention in an oblique direction.

DETAILED DESCRIPTION

[0041] Hereinafter, a SRAM core cell for a light-emit-
ting display according to an embodiment of the present
invention will be described in detail with reference to the
accompanying drawings.
[0042] Referring to FIG. 4, a SRAM core cell includes
two flip-flop circuits for memory (e.g., MP1 and MN1,
and MP2 and MN2), and two switches (e.g., MP3 and
MP4). By applying pulses to word lines to turn a cell tran-
sistor on, data transfer is activated between a bit line
pair ("Bit" and "Bitb") and flip-flops. When writing data,
a high voltage is applied to one side of the bit line pair,
a low voltage being applied to the other side. This is
transferred to a memory node (a common source/drain
node of MP1 and NM1, and a common source/drain
node of MP2 and MN2) to memorize binary information.
When reading data, a voltage sustained at the bit line
pair is detected in correspondence to the voltage of
nodes and transferred to the exterior. Unlike the DRAM,
the SRAM stores data without a refresh operation, i.e.,
statically by the flip-flop feedback, as long as the power
is on. However, the SRAM is relatively expensive be-
cause a large number of elements are used to construct
one cell, with a memory capacity being about 1/4 of the
DRAM with the same area.
[0043] FIG. 5 shows a layout of a CMOS RAM core
cell for light-emitting display according to an embodi-
ment of the present invention.
[0044] Referring to FIG. 5, the CMOS RAM core cell
for a light-emitting display according to an embodiment
of the present invention is a data memory device for the

data driver of a light-emitting device that includes six thin
film transistors (MP1 to MP4, and MN1 and MN2) each
having a gate, a source, and a drain. In the figure, ref-
erence numerals 511 to 520 denote contact holes re-
spectively. Also, reference numeral 532 denotes a metal
line coupled to a power voltage VDD, reference numeral
531 denotes a metal line coupled to a ground voltage
VSS, reference numerals 534 and 535 denote a pair of
bit lines, and reference numeral 533 denotes a word
line. Also, reference numerals 541 to 544 denote metal
lines, and reference numerals 551 and 554 denote poly
lines, respectively.
[0045] Among the six thin film transistors (MP1 to
MP4, and MN1 and MN2), the first switching transistor
MP3 has a gate coupled to a word line 533, and a
source/drain coupled to the first bit line 534 to select an
input to the first bit line 534 according to the input signal
of the word line 533.
[0046] For example, the word line 533 has a role in a
gate poly of the first switching transistor MP3, and a met-
al line across the contact hole 517 and the contact hole
515 has a role in the source/drain of the first switching
transistor MP3. The layouts of the five transistors (MP1,
MP2, MP4, MN1 and MN2) are formed in the same man-
ner.
[0047] The second switching transistor MP4 has a
gate coupled to the word line 533, and a source/drain
coupled to a second bit line 535, so as to select an input
to the second bit line 535 according to the input signal
to the word line 533.
[0048] The first to fourth data memory transistors
(MP1 and MN1, and MP2 and MN2) that form a flip-flop
as described above are coupled to a power voltage
(VDD) or a ground voltage (VSS), so as to enable read-
ing or writing of data under the control of the first and
second switching transistors MP3 and MP4.
[0049] As illustrated in the figure, the channels of the
first and second switching transistors MP3 and MP4, or
the first to fourth data memory transistors (MP1 and
MN1, and MP2 and MN2) are formed in an oblique di-
rection. When the direction of the bit lines is a first di-
rection, and that of the word line is a second direction,
the channels of the switching transistors and the data
memory transistors are formed in an oblique direction
with respect to the first and second directions, respec-
tively. The oblique direction may be a clockwise direc-
tion or a counterclockwise direction with respect to the
first or second direction. In addition, the first and second
switching transistors MP3 and MP4, or the first to fourth
data memory transistors (MP1 and MN1, and MP2 and
MN2) may be arranged in sequence at the same angle
on a defined layout space.
[0050] FIG. 6 is a circuit diagram showing the layout
part taken in an oblique direction in the CMOS RAM core
cell of FIG. 5.
[0051] The SRAM core cell for a light-emitting display
according to an embodiment of the present invention in-
cludes a plurality of thin film transistors each having a
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gate, a source, and a drain. The thin film transistors in-
clude four PMOS transistors 611 to 614, and two NMOS
transistors 621 and 622, so as to enable writing or read-
ing of data under the control of bit lines and word lines.
As described previously, among the six transistors, MP1
and MP2 611 and 612 are pull-up transistors, MN1 and
MN2 621 and 622 are pull-down transistors, and MP3
and MP4 613 and 614 are switching transistors for an
access. Here, the MP1 to MP4 611 to 614 are PMOS
transistors, and the MN1 and MN2 621 and 622 are
NMOS transistors. In one embodiment, these transis-
tors are arranged in sequence at an angle of 45° on a
defined layout space.
[0052] FIG. 7 is a diagram specifically showing the
layout taken in an oblique direction in the CMOS RAM
core cell according to one embodiment of the present
invention.
[0053] The CMOS SRAM core cell, according to the
embodiment of the present invention as shown in FIG.
7, has a defined layout of 22 µm 3 20 µm (22 µm in
width and 20 µm in length) and includes six thin film tran-
sistors as stated above.
[0054] In the figure, reference numeral 532 denotes
a metal line coupled to a power voltage VDD, reference
numeral 531 denotes a metal line coupled to a ground
voltage VSS, reference numerals 534 and 535 denote
a pair of bit lines, and reference numeral 533 denotes a
word line.
[0055] Referring to FIG. 7, the CMOS RAM core cell
includes six transistors, i.e., four PMOS transistors 611
to 614 and two NMOS transistors 621 and 622, and its
data write/read is under the control of the bit line pair
and the word line. As stated above, the six transistors
are arranged in sequence, for example, at an angle of
45° on a defined layout space.
[0056] The switching transistors or the data memory
transistors arranged in an oblique direction may include
a polysilicon layer deposited in an oblique direction on
a substrate. Namely, an active region is formed on a
polysilicon layer deposited in an oblique direction, and
a gate, a source, and a drain are formed in the active
region for the above-stated oblique arrangement of the
channels.
[0057] Furthermore, a semiconductor device having
a plurality of transistors formed in an oblique direction
on a layout space of a predetermined area can also be
implemented according to an embodiment of the
present invention. The semiconductor includes a plural-
ity of transistors each having a gate and a source/drain
formed on a substrate or on an active region deposited
on the substrate. The channels of the transistors on the
active region are arranged in an oblique direction on the
layout space of a predetermined area. Here, the chan-
nels of the transistors formed in an oblique direction on
the active region are arranged in sequence and include
a polysilicon layer deposited in an oblique direction with
respect to the vertical direction on the substrate.
[0058] Consequently, the CMOS SRAM core cell for

a light-emitting display according to the embodiments of
the present invention can have enhanced integration ef-
ficiency by forming the channels or the polysilicon layer
in an oblique direction.
[0059] While this invention has been described in con-
nection with what is presently considered to be the most
practical and exemplary embodiment, it is to be under-
stood that the invention is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover
various modifications and equivalent arrangements in-
cluded within the spirit and scope of the appended
claims.
[0060] As described above, the present invention ar-
ranges transistors in sequence so as to form a polysili-
con layer or channels forming the transistors in an ob-
lique direction in a defined region in designing a SRAM
for a data driver of a light-emitting display, thereby en-
hancing the layout efficiency of the core cell and imple-
menting a light-emitting display device of a high integra-
tion level.

Claims

1. A static RAM (SRAM) core cell for a light-emitting
display including a plurality of thin film transistors
each having a gate, a source and a drain as a data
memory for a data driver of the light-emitting dis-
play, the SRAM core cell comprising:

a switching transistor coupled to a bit line and
a word line, to select writing or reading of data;
and
a data memory transistor coupled to a power
voltage Vdd or a ground voltage Vss, to enable
writing or reading of data,

wherein the bit line and the word line being
formed in first and second directions, respectively,
and

wherein channels of the switching transistor
and the data memory transistor being formed in an
oblique direction with respect to the first and second
directions, respectively.

2. The SRAM core cell as claimed in claim 1, wherein
the oblique direction is one or more of the group
consisting of a clockwise direction and a counter-
clockwise direction, with respect to the first or sec-
ond direction.

3. The SRAM core cell as claimed in claim 1, wherein
the switching transistor or the data memory transis-
tor is arranged in sequence on a defined layout
space.

4. The SRAM core cell as claimed in claim 1, wherein
the switching transistor or the data memory transis-
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tor arranged in an oblique direction includes a poly-
silicon layer deposited in an oblique direction on a
substrate.

5. A static RAM (SRAM) core cell comprising:

a first thin film switching transistor having a gate
coupled to a word line, and a source/drain cou-
pled to a first bit line, to select an input to the
first bit line according to an input signal to the
word line;
a second thin film switching transistor having a
gate coupled to the word line, and a source/
drain coupled to a second bit line, to select an
input to the second bit line according to an input
signal to the word line; and
four thin film data memory transistors coupled
to a power voltage or a ground voltage, to en-
able writing or reading of data under the control
of the first and second switching transistors,

wherein the bit lines and the word line being
formed in first and second directions, respectively,
and

wherein channels of the first and second
switching transistors and the four data memory
transistors being formed in an oblique direction with
respect to the first and second directions, respec-
tively.

6. The SRAM core cell as claimed in claim 5, wherein
the first and second switching transistors and the
four data memory transistors are arranged in se-
quence on a layout space of a predetermined area.

7. The SRAM core cell as claimed in claim 5, wherein
each of the transistors arranged in an oblique direc-
tion include a polysilicon layer deposited in an ob-
lique direction on a substrate.

8. A semiconductor device comprising:

a substrate; and
a plurality of transistors each having a gate and
a source/drain formed on an active region de-
posited on the substrate,

wherein channels of the transistors formed on
the active region being formed in an oblique direc-
tion with respect to a layout width or length direction
on a layout space of a predetermined area.

9. The semiconductor device as claimed in claim 8,
wherein the oblique direction is one or more of the
group consisting of a clockwise direction and a
counterclockwise direction with respect to the lay-
out width or length direction.

10. The semiconductor device as claimed in claim 8,
wherein each of the transistors arranged in an ob-
lique direction on the active region include a poly-
silicon layer deposited in an oblique direction with
respect to a vertical direction on the substrate.

11. The semiconductor device as claimed in claim 8,
further comprising a line driver and a scan driver for
controlling an organic EL panel.

12. The semiconductor device as claimed in claim 8,
further comprising a video controller and a panel
controller for controlling the line driver and the scan
driver.

13. A light emitting display driver comprising:

a static RAM according to claim 5;
an organic EL panel; and
a line driver and a scan driver for controlling the
organic EL panel.

14. The light emitting display driver as claimed in claim
13, further comprising a video controller and a panel
controller for controlling the line driver and the scan
driver.
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