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7) ABSTRACT

To improve display quality of a pixel of an organic EL panel.
Display correction is performed in the pixel with a small
number of transistors in the pixel of the organic EL panel. A
capacitor and an oxide semiconductor transistor are formed in
a display driver IC. A minute current flowing in the pixel is
measured from the amount of change in capacitor voltage to
correct display. Because the off-state current of an oxide
semiconductor is extremely small even at high temperatures,
current can be accurately measured and display images can be
accurately corrected.
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DISPLAY CORRECTION CIRCUIT, DISPLAY
CORRECTION SYSTEM, AND DISPLAY
DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] One embodiment of the present invention relates to
a display correction circuit, particularly a display correction
circuit including an oxide semiconductor. One embodiment
of the present invention relates to a display correction system
including the display correction circuit. Note that one
embodiment of the present invention is not limited to the
technical field. The technical field of one embodiment of the
invention disclosed in this specification and the like relates to
an object, a method, or a manufacturing method. One
embodiment of the present invention relates to a process, a
machine, manufacture, or a composition of matter. Specific
examples of the technical field of one embodiment of the
present invention disclosed in this specification include a
semiconductor device, a display device, a light-emitting
device, a power storage device, a memory device, a method
for driving any of them, and a method for manufacturing any
of them.

[0003] 2. Description of the Related Art

[0004] Inrecent years, smartphones have been widespread
as portable devices. A large display for smartphones is
accordingly needed in the market, and a recent mainstream
sizeis 4 inch to 6 inch. Furthermore, many smartphones using
an organic EL panel are coming on the market. An organic EL
panel has features of flexibility and higher color purity than
liquid-crystal panels and is being developed.

[0005] Unlike aliquid crystal driven by alternating current,
direct voltage or direct current is applied to an organic EL
element, a polysilicon transistor, or an oxide semiconductor
transistor that are used in an organic EL panel. The organic EL
element and transistor to which direct voltage or direct cur-
rent is applied thus tend to fluctuate in characteristics after
driven for a long time. The fluctuation in characteristics of the
element appears as display unevenness on the display screen.
Generally, a pixel driven for a long time decreases in lumi-
nance; thus, only a specific pixel driven for a long time
decreases in luminance, which appears as burn-in on the
display screen and degrades the display quality. Display
unevenness is caused by variation in transistor characteristics
as well.

[0006] As a measure against it, there is a method in which
a correction circuit is incorporated in a pixel of an organic EL
panel using a polysilicon transistor or an oxide semiconduc-
tor transistor to correct degradation and variation of the ele-
ment. FIG. 1 shows a specific example of a circuit for cor-
recting threshold of a transistor for driving an organic EL
element. A pixel 100 in the circuit includes transistors 101,
102, 103, 104, and 105, a capacitor 106, an organic EL ele-
ment 108, a data line 109, a power supply line 110, gate lines
111, 112, and 113, an anode line 114, and a cathode 107.
Details of the correction circuit are described in Patent Docu-
ment 1.

REFERENCE

Patent Document

[0007] [Patent Document 1] Japanese Published Patent
Application No. 2013-137498
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SUMMARY OF THE INVENTION

[0008] However, the conventional pixel configuration
shown in FIG. 1 has a problem. The pixel in FIG. 1 needs
many components of five transistors, one capacitor, four hori-
zontal wirings, and two perpendicular wirings. Although
there 1s no problem in the case where a pixel is large in size,
the circuit is too big to fit in a pixel which is reduced in size
and cannot be used in a high-resolution panel. In addition, the
number of wiring layers needs to beincreased even in the case
where the circuit can fit in a pixel, and increase in cost with
increase in the number of processes is inevitable.

[0009] In view of this technical background, an object of
one embodiment of the present invention is to provide a
display correction circuit that can perform a good display
without burn-in on a high-resolution organic EL panel. An
object of one embodiment of the present invention is to pro-
vide a display correction circuit that can perform correction
with few transistors in a pixel of a high-resolution organic EL
panel.

[0010] An object of one embodiment of the present inven-
tion is to provide a display correction system that can perform
a good display without burn-in on a high-resolution organic
EL panel. An object of one embodiment of the present inven-
tion is to provide a display correction system that can perform
correction with few transistors in a pixel of a high-resolution
organic EL panel.

[0011] Another object of one embodiment of the present
invention is to provide a novel semiconductor device. Note
that these objects do not disturb other objects. One embodi-
ment of the present invention does not necessarily achieve all
the objects. Other objects will be apparent from and can be
derived from the specification, the drawings, the claims, and
the like.

[0012] One embodiment of the present invention is a dis-
play correction circuit of the display device including a dis-
play region with pixels arranged in a matrix. The display
correction circuit is provided outside the display region and
includes a capacitor configured to input a driving current of a
pixel, an oxide semiconductor transistor configured to reset
the potential of the capacitor, a buffer circuit connected to the
capacitor, an AD converter configured to AD-convert an out-
put of the buffer circuit, and an output circuit configured to
sequentially output a data output from the AD converter.
[0013] One embodiment of the present invention is a dis-
play correction system of the display device including a dis-
play region with pixels arranged in a matrix. The display
correction system includes a display correction circuit pro-
vided outside the display region and including a capacitor
configured to input an output current of a pixel, an oxide
semiconductor transistor configured to reset the potential of
the capacitor, a buffer circuit connected to the capacitor, an
AD converter configured to AD-convert an output of the
buffer circuit, and an output circuit configured to sequentially
output a data output from the AD converter; an image pro-
cessing circuit configured to form a correction data from an
output result of the output circuit and correct a video signal
using the correction data; and a memory configured to store
the correction data.

[0014] Another embodiment of the present invention is a
display device including the display correction circuit and a
display region including pixels arranged in a matrix. The
display correction circuit is positioned outside the display
region. Another embodiment of the present invention is a
display device including the display correction circuit; an
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image processing circuit configured to form a correction data
from an output result of the output circuit and correct a video
signal using the correction data; amemory configured to store
the correction data; and a display region including pixels
arranged in a matrix. The display correction circuit is posi-
tioned outside the display region.

[0015] The driving current of the pixel may be 100 nA or
smaller. The pixel preferably includes an organic EL element.
[0016] One embodiment of the present invention can pro-
vide a display correction circuit that can perform a good
display without burn-in on a high-resolution organic EL
panel. One embodiment of the present invention can provide
a display correction circuit that can perform correction with
few transistors in a pixel of a high-resolution organic EL
panel.

[0017] One embodiment of the present invention can pro-
vide a display correction system that can perform a good
display without burn-in on a high-resolution organic EL
panel. One embodiment of the present invention can provide
a display correction system that can perform correction with
few transistors in a pixel of a high-resolution organic EL
panel. A novel semiconductor device can be provided. Note
that these effects do not disturb other effects. One embodi-
ment of the present invention does not necessarily achieve all
the objects. Other effects will be apparent from and can be
derived from the specification, the drawings, the claims, and
the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1is a diagram of a conventional pixel correc-
tion circuit.

[0019] FIG. 2 is a block diagram of an organic EL panel.
[0020] FIG.3 isacircuit diagram of pixels in an organic EL
panel.

[0021] FIG. 4 is a block diagram of a display correction
circuit.

[0022] FIG. 5 is a block diagram of a display correction
system.

[0023] FIG. 6 is a timing chart.

[0024] FIG. 7 shows off-state current characteristics.
[0025] FIG. 8 is a cross-sectional view of one embodiment

of the present invention.
[0026] FIGS. 9A to 9D each illustrate an electronic device
employing one embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0027] Hereinafter, embodiments of the present invention
will be described with reference to the drawings. Note that the
present invention is not limited to the following description
and it will be readily appreciated by those skilled in the art
that modes and details can be modified in various ways with-
out departing from the spirit and the scope of the present
invention. Accordingly, the present invention should not be
interpreted as being limited to the content of the embodiments
below.

[0028] A transistor is akind of semiconductor elements and
can achieve amplification of current or voltage, switching
operation for controlling conduction or non-conduction, or
the like. A transistor in this specification includes an insu-
lated-gate field effect transistor (IGFET) and a thin film tran-
sistor (TFT).

[0029] Note that the position, the size, the range, or the like
of each structure illustrated in the drawings and the like is not
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accurately represented in some cases for simplification.
Therefore, the disclosed invention should not be necessarily
limited to the position, the size, the range, or the like disclosed
in the drawings and the like.

[0030] In this specification and the like, ordinal numbers
such as “first”, “second”, “third”, and the like are used in
order to avoid confusion among components, and the terms
do not limit the components numerically.

[0031] Forexample, in this specification and the like, when
it is explicitly described that X and Y are connected, the case
where X and Y are electrically connected, the case where X
andY are functionally connected, and the case where X and Y
are directly connected are included therein without limitation
to the connection relation shown in the drawings and texts.
Accordingly, another element which is not shown in the draw-
ings and texts may be provided between elements having a
connection shows therein.

[0032] Here, X andY each denote an object (e.g., a device,
an element, a circuit, a line, an electrode, a terminal, a con-
ductive film, and a layer).

[0033] Inthecasewhere X andY are electrically connected,
one or more elements that enables electrical connection
between X and Y (e.g., a switch, a transistor, a capacitor, an
inductor, a resistor, a diode, a display element, a light-emit-
ting element, and a load) can be connected between X and Y.
Note that a switch is configured to be turned on and off. That
1s, whether current flows through the switch is determined by
switching the conduction and non-conduction. The switch
may be configured to select and change a current path.
[0034] In the case where X and Y are functionally con-
nected, one or more circuits that enable functional connection
between X and Y (e.g., a logic circuit such as an inverter, a
NAND circuit, or a NOR circuit; a signal converter circuit
such as a DA converter circuit, an AD converter circuit, or a
gamma correction circuit; a potential level converter circuit
such as a power supply circuit (e.g., a de-dc converter, a
step-up de-dc converter, or a step-down de-de converter) or a
level shifter circuit for changing the potential level of a signal;
a voltage source; a current source; a switching circuit; an
amplifier circuit such as a circuit that can increase signal
amplitude, the amount of current, or the like, an operational
amplifier, a differential amplifier circuit, a source follower
circuit, or a buffer circuit; a signal generation circuit; a
memory circuit; and/or a control circuit) can be connected
between X and Y. Note that in the case where a signal output
from X is transmitted to Y even when another circuit is pro-
vided between X and Y, X and Y are functionally connected.
[0035] Note that when it is explicitly described that X and
Y are electrically connected, the case where X and Y are
electrically connected (i.e., the case where X and Y are con-
nected with another element or another circuit provided ther-
ebetween), the case where X and Y are functionally connected
(i.e., the case where X and Y are functionally connected with
another circuit provided therebetween), and the case where X
andY are directly connected (i.e., the case where X andY are
connected without another element or another circuit pro-
vided therebetween) are included therein. That is, an explicit
description of “X and Y are electrically connected” is the
same as an explicit description of “X and Y are connected”.
[0036] Note that the case where a source (or a first terminal
or the like) of a transistor is electrically connected to X
through (or not through) 71 and a drain (or a second terminal
or the like) of the transistor is electrically connected to Y
through (or not through) 72, or the case where a source (or a
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first terminal or the like) of a transistor is directly connected
to one part of Z1 and another part of Z1 is directly connected
to X while a drain (or a second terminal or the like) of the
transistor is directly connected to one part of Z2 and another
part of 72 is directly connected to Y, can be expressed as
follows.

[0037] For example, “X, Y, a source (or a first terminal or
the like) of a transistor, and a drain (or a second terminal or the
like) of the transistor are electrically connected to each other,
and X, the source (or the first terminal or the like) of the
transistor, the drain (or the second terminal or the like) of the
transistor, and Y are electrically connected to each other in
this order”, “a source (or a first terminal or the like) of a
transistor is electrically connected to X, a drain (or a second
terminal or the like) of the transistor is electrically connected
toY, and X, the source (or the first terminal or the like) of the
transistor, the drain (or the second terminal or the like) of the
transistor, and Y are electrically connected to each other in
this order”, and “X is electrically connected to Y through a
source (or a first terminal or the like) and a drain (or a second
terminal or the like) of a transistor, and X, the source (or the
first terminal or the like) of the transistor, the drain (or the
second terminal or the like) of the transistor, and Y are pro-
vided to be connected in this order”. When the connection
order in a circuit configuration is defined by an expression
similar to the above examples, a source (or a first terminal or
the like) and a drain (or a second terminal or the like) of a
transistor can be distinguished from each other to specify the
technical scope. Note that these expressions are non-limiting
examples. Here, X,Y, Z1, and 72 each denote an object (e.g.,
a device, an element, a circuit, a wiring, an electrode, a ter-
minal, a conductive film, and a layer).

[0038] Even when independent components are electri-
cally connected to each other in a circuit diagram, one com-
ponent has functions of a plurality of components in some
cases. For example, when part of a wiring also functions as an
electrode, one conductive film functions as the wiring and the
electrode. Thus, electrical connection in this specification
includes in its category one conductive film having functions
of a plurality of components.

Embodiment 1

(Technique of One Embodiment of the Present Invention)

[0039] In one embodiment of the present invention, a dis-
play correction circuit using an oxide semiconductor is
formed outside of a pixel; consequently, the number of tran-
sistors and wirings in the pixel can be reduced and display
correction can be performed even in a display device with a
high pixel density. Since an oxide semiconductor transistor is
used as some or all of the switching transistors in the display
correction circuit, a bad influence of off-state current of the
switching transistors on the correction can be inhibited. The
display device in the description below is an organic EL panel
but is not limited thereto.

[0040] Described below is an example in which the display
correction circuit of one embodiment of the present invention
is incorporated in a driver IC that drives data line of a pixel.
FIG. 2 is a block diagram of an organic EL panel 200 which
is one embodiment of the present invention. The organic EL
panel 200 includes a driver 1C 201, a pixel portion 202, and a
gate driver circuit 203. The pixel portion 202 includes pixels
300 and a switch circuit 301. The gate driver circuit 203 is
preferably integrated with the pixel portion 202 over the
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substrate. Generally, the driver IC 201 is mounted on a pixel
substrate by a COG technique or the like. The driver IC 201
may be mounted on a substrate by tape automated bonding
(TAB), or a circuit equivalent to the driver IC 201 may be
integrated on a substrate.

[0041] A terminal 401 of the driver IC 201 is connected to
aterminal 302 of the pixel portion 202. A terminal 402 of the
driver IC 201 is connected to a terminal 303 of the pixel
portion 202. FIG. 3 shows the pixel portion 202. The configu-
ration is described below. The circuit shown in FIG. 3 is
formed over an organic EL panel substrate. Transistors in the
circuit are oxide semiconductor transistors, polysilicon tran-
sistors, and the like, but not limited thereto.

[0042] The pixel 300 includes transistors 306, 307, and
308, a capacitor 309, an organic EL element 310, a cathode
electrode 311, a data line 312, a power supply line 313, a gate
line 317, and a power line 318. The pixels 300 are arranged in
amatrix in a display screen. The data line 312 is connected to
the terminal 303. The power supply line 313 is connected to a
source or drain of transistors 304 and 305. The other of the
source and drain of the transistor 304 is connected to the
terminal 302. The other of the source and drain of the tran-
sistor 305 is connected to a power line 316. A gate of the
transistor 304 is connected to a control line 314. A gate ofthe
transistor 305 is connected to a control line 315. The transis-
tors 304 and 305 are preferably formed simultaneously with
the transistors in the pixel 300. The terminals 302 and 303 are
respectively connected to the terminals 401 and 402 of the
driver IC 201.

[0043] Next, operation of the circuit shown in FIG. 3 is
described. The transistors described here are all n-channel
transistors. When p-channel transistors are employed, the
polarity of electric signals may be changed. The switch circuit
301 is provided near the pixels 300. The switch circuit 301
includes the transistors 304 and 305. To display images, the
control lines 315 and 314 are set to high and low, respectively.
The power supply line 313 is consequently connected to the
power line 316 and an anode potential is supplied to the pixels
300.

[0044] First, the gate line 317 is set to high and the transis-
tors 307 and 308 are turned on, whereby the gate and the
source of the transistor 306 are connected to the data line 312
and the power line 318, respectively. The voltage difference
between the data line 312 and the power line 318 is thus stored
in the capacitor 309. When the voltage of the power line 318
is set to a potential at which the organic EL element 310 is not
emitted, no emission occurs in writing. Next, the gate line 317
is set to low to turn off the transistors 307 and 308. When the
potential stored in the capacitor 309 is higher than the thresh-
old of the transistor 306, current flows from the transistor 306
to the organic EL element 310, whereby the element is emit-
ted. Writing is similarly performed in the pixels in the next
row as well, whereby the organic EL elements are emitted.
The organic EL elements are sequentially emitted in this
manner, so that the entire organic EL panel can be emitted.
[0045] Next, operation for monitoring current in pixels is
described. The control lines 315 and 314 are set to low and
high, respectively. The power supply line 313 is consequently
connected to the terminal 302. The gate line 317 is set to high
to turn on the transistors 307 and 308, whereby the gate and
the source of the transistor 306 are connected to the data line
312 and the power line 318, respectively. When the voltage of
the power line 318 is set to a potential at which the organic EL
element 310 is not emitted, no emission occurs in monitoring.
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Current flows from the driver circuit to the transistor 306
through the terminal 302 and the transistor 304 and also to the
power line 318 through the transistor 308. For this reason,
current flowing in the terminal 302 is monitored to monitor
current in the pixel 300. After the monitoring, the control line
314 is set to low to turn off the transistor 304.

[0046] Next, apotential lower enough than that in the moni-
toring is input to the data line 312 to turn off the transistor 306.
The gate line 317 is set to low to turn off the transistors 307
and 308. The pixels in the following rows are monitored, so
that current in all the pixels can be monitored.

[0047] As compared with the pixel 100 in FIG. 1, the num-
ber of transistors in the pixel 300 shown in FIG. 3 is reduced
from 5 to 3 and that of horizontal wirings is reduced from 4 to
2. Thus, the display device in Embodiment 1 achieves display
correction with a reduced number of transistors.

[0048] This embodiment can be implemented in combina-
tion with any of the other embodiments as appropriate.

Embodiment 2

[0049] The configuration of the driver IC 201 including the
display correction circuit of one embodiment of the present
invention is described with reference to FIG. 4. FIG. 4 is a
block diagram of the driver IC 201 which has two functions of
writing data and monitoring current in the pixels, for
example. The two functions may be separately provided in
different ICs.

[0050] First, operation of writing data is described. Writing
data refers to inputting image data from the outside of a panel
to pixels inside the panel. The circuit in FIG. 4 includes a
writing shift register 403, a latch 414, a latch 415, a DA
converter 416, an analog buffer circuit 417, signal lines 418,
419, and 420, and a control line 425. Writing data is per-
formed in the following manner.

[0051] The writing shift register 403 shifts pulses sequen-
tially. The output of the writing shift register 403 is input to
the latch 414 to synchronize, and image data of the signal
lines 418 to 420 are latched. After data for one row is latched,
the control line 425 is set to high to transfer the data to the
latch 415. The data is analog-converted by the DA converter
416 and output to the terminal 402 through the analog buffer
circuit 417.

[0052] Next, operation of current monitoring of the pixels
1s described. Current monitoring refers to outputting data of
values of current flowing in the transistors 306 of the pixels to
the outside of the panel. The display correction circuit in FIG.
4 includes a monitoring shift register 404, a sampling switch
circuit 405, a latch 406, an AD converter 407, buffer circuits
408 and 411, transistors 410 and 412, capacitors 409 and 413,
control lines 424, 426, and 428, a power line 427, and current
data output signal lines 421, 422, and 423. FIG. 6 shows
operation timing of the display correction circuit. The moni-
toring shift register 404 serves as an output circuit.

[0053] First, the control line 428 is set to high to turn on the
transistor 412 (a period A in FIG. 6), whereby the terminal
401 has the same potential as the power line 427. The control
line 428 is then set to low, and the transistor 412 is turned off.
Next, current is drawn into in the pixel 300 which is con-
nected to the terminal 401, whereby charge of the capacitor
413 is discharged and the potential of the terminal 401
decreases. This potential is input to the transistor 410 through
the buffer circuit 411. Then, the control line 426 is set to high
to turn on the transistor 410, whereby the potential of the
buffer circuit 411 is written to the capacitor 409 (a period B in
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FIG. 6). After that, the control line 426 is set to low to turn off
the transistor 410, and the potential is held in the capacitor
409.

[0054] The transistors 410 and 412 are oxide semiconduc-
tor transistors. The reason why oxide semiconductor transis-
tors are used as these transistors will be described. Current
flowing in an organic EL element per pixel is as small as 100
nA or less. In the case where the transistors 410 and 412 are
silicon transistors, the off-state current is 10 nA or more,
which is too large to ignore to the pixel current of 100 nA;
thus, display correction cannot be accurately performed due
to the off-state current. For this reason, one embodiment of
the present invention uses an oxide semiconductor transistor
to sufficiently reduce off-state current and accurately measure
pixel current, whereby correction can be more accurately
performed.

[0055] As a silicon transistor is miniaturized, the off-state
current is increased, which becomes pronounced particularly
when the gate length is 130 nm or shorter. However, the
design rule of integrated circuits is reduced to improve the
degree of integration. It is thus difficult to simultaneously
achieve miniaturization and small off-state current in silicon
transistors, whereas oxide semiconductor transistors can
achieve it.

[0056] There is another method of using such a silicon
transistor with a large off-state current as a switch: pixel
current is amplified 10 times or more and the capacitor 413 is
also increased 10 times or more in order to relatively reduce
the adverse effect of the off-state current. However, this
method leads to an increase in chip area because an additional
circuit for amplifying the pixel current and the large capaci-
tance are needed. The present invention can reduce the
capacitance of the capacitor 413 to 0.2 pF or less and does not
need to increase chip area.

[0057] FIG. 7 shows Arrhenius plot of off-state current of
the oxide semiconductor transistors. Three samples A, B, and
C are measured. The off-state current of an oxide semicon-
ductor using a CAAC film which is described below is as
small as 1 zA (1x1072! A) or smaller even at 85° C.; thus, the
off-state current values do not affect the above-described
specification.

[0058] The output of the buffer circuit 408 is input to the
AD converter 407 and is converted into a digital signal (a
period C in FIG. 6). Although the AD converter in FIG. 41is 3
bit, the number of bits may be larger without limitation
thereto. The control line 424 is set to high, whereby the output
of the AD converter is latched by the latch 406 (a period D in
FIG. 6). The sampling switch circuit 405 operates depending
on the output of the monitoring shift register 404 to transfer it
to the current data output signal lines 421 to 423.

[0059] This embodiment can be implemented in combina-
tion with any of the other embodiments as appropriate.

Embodiment 3

[0060] FIG. 5 is a block diagram of correction system of
one embodiment of the present invention. The correction
system includes an organic EL panel 200, a controller 501, an
image signal processing circuit 502, a memory 503, and a
CPU 504. The memory 503 may be incorporated in the image
signal processing circuit 502. The memory stores data and
can be used as a lookup table.

[0061] Operation is described. First, current in each pixel of
the organic EL panel 200 is monitored in the above-described
manner. Data obtained by the monitoring is output from the
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driver IC 201 and stored in the memory 503 used as a lookup
table through the image signal processing circuit 502. The
image signal processing circuit 502 corrects image signals
using the stored data. For example, an image signal is cor-
rected in a pixel where more current flows by 5% of the
average so that the data can be written with less current by 5%
of the average. The CPU 504 determines when to monitor for
correction. The corrected image data is input to the driver IC
201 through the controller 501, and the organic EL panel 200
can consequently display the corrected data, so that high-
image-quality display without burn-in can be obtained.
[0062] It is suitable to monitor all of the pixels shortly
before the organic EL display is powered off, shortly after the
organic EL display is powered on, and the like because it takes
too long to monitor all of the pixels in a display period. There
is no problem if display cannot be performed in these periods.
The current monitoring may be performed when a screen
saver comes up because a monitor of a portable device is
generally turned off by the screen saver.

[0063] Using the display correction circuit of one embodi-
ment of the present invention, high-accuracy correction can
be achieved and high-definition pixels can be fabricated with
a reduced number of transistors and wirings in the pixels.
[0064] This embodiment can be implemented in combina-
tion with any of the other embodiments as appropriate.

Embodiment 4

[0065] In Embodiment 4, an oxide semiconductor layer
that can be used as a semiconductor layer of the transistor
with low off-state current described in the above embodiment
is described.

[0066] An oxide semiconductor having a small off-state
current used for a channel formation region in the semicon-
ductor layer of the transistor preferably contains at least
indium (In) or zinc (Zn). In particular, In and Zn are prefer-
ably contained. A stabilizer for strongly bonding oxygen is
preferably contained in addition to In and Zn. As a stabilizer,
at least one of gallium (Ga), tin (Sn), zirconium (Zr), hafnivm
(Hf), and aluminum (A1) may be contained.

[0067] As another stabilizer. one or plural kinds of lantha-
noid such as lanthanum (La). cerium (Ce), praseodymium
(Pr), neodymium (Nd), samarium (Sm), europium (Eu),
gadolinium (Gd), terbium (Tb), dysprosium (Dy), hohnium
(Ho), erbium (Er), thulium (Tm), ytterbium (Yb), and lute-
tium (Lu) may be contained.

[0068] As the oxide semiconductor used for the semicon-
ductor layer of the transistor, for example, any of the follow-
ing can be used: indium oxide, tin oxide, zinc oxide, an
In—Z7n-based oxide, a Sn—7Zn-based oxide, an Al—Zn-
based oxide, a Zn—Mg-based oxide, a Sn—Mg-based oxide,
an In—Mg-based oxide, an In—Ga-based oxide, an
In—Ga—7n-based oxide (also referred to as 1GZ0), an
In—Al—Z7n-based oxide, an In—Sn—Zn-based oxide, a
Sn—Ga—7Zn-based oxide, an Al—Ga—Z7n-based oxide, a
Sn—Al—Zn-based oxide, an In—Hf—Zn-based oxide, an
In—Zr—7n-based oxide, an In—Ti—Zn-based oxide, an
In—Sc—Z7n-based oxide, an In—Y—Zn-based oxide, an
In—La—Zn-based oxide, an In—Ce—Zn-based oxide, an
In—Pr—Zn-based oxide, an In—Nd—Zn-based oxide, an
In—Sm—Z7n-based oxide, an In—Eu—~Zn-based oxide, an
In—Gd—Zn-based oxide, an In—Tb—Zn-based oxide, an
In—Dy—Z7n-based oxide, an In—Ho—Z7n-based oxide, an
In—FEr—7n-based oxide, an In—Tm—Zn-based oxide, an
In—Yb—Z7n-based oxide, an In—Lu—Z7n-based oxide, an
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In—Sn—Ga—7Zn-based oxide, an In—Hf—Ga—Zn-based
oxide, an In—Al—Ga—Zn-based oxide, an In—Sn—Al—
Zn-based oxide, an In—Sn—Hf—Z7n-based oxide, and an
In—Hf—Al—Zn-based oxide.

[0069] For example, an In—Ga—Zn-based oxide with an
atomic ratio of In:Ga:Zn=1:1:1, 3:1:2, or 2:1:3, or an oxide
with an atomic ratio close to the above atomic ratios can be
used.

[0070] When the oxide semiconductor film forming the
semiconductor layer contains a large amount of hydrogen, the
hydrogen and the oxide semiconductor are bonded to each
other, so that part of the hydrogen serves as a donor and causes
generation of an electron that is a carrier. As a result, the
threshold voltage of the transistor shifts in the negative direc-
tion. Therefore, it is preferable that; after formation of the
oxide semiconductor film, dehydration treatment (dehydro-
genation treatment) be performed to remove hydrogen or
moisture from the oxide semiconductor film so that the oxide
semiconductor film is highly purified to contain impurities as
little as possible.

[0071] Note that oxygen in the oxide semiconductor film is
also reduced by the dehydration treatment (dehydrogenation
treatment) in some cases. Therefore, it is preferable that oxy-
gen whose amount is reduced in the dehydration treatment
(dehydrogenation treatment) be added to the oxide semicon-
ductor or oxygen be supplied excessively to fill the oxygen
vacancies in the oxide semiconductor film. In this specifica-
tion and the like, supplying oxygen to an oxide semiconduc-
tor film may be expressed as oxygen adding treatment or
treatment for making an oxygen-excess state.

[0072] In this manner, hydrogen or moisture is removed
from the oxide semiconductor film by the dehydration treat-
ment (dehydrogenation treatment) and oxygen vacancies
therein are filled by the oxygen adding treatment, whereby the
oxide semiconductor film can be turned into an i-type (intrin-
sic) oxide semiconductor film or a substantially i-type (intrin-
sic) oxide semiconductor film which is extremely close to an
i-type oxide semiconductor film. Note that “substantially
intrinsic” means that the oxide semiconductor film contains
extremely few (close to zero) carriers derived from a donor
and has a carrier density which is 1x10'7/cm® or lower,
1x10*%/cm? or lower, 1x10"%/cm?® or lower, 1x10**/cm?® or
lower, or 1x10'3/cm? or lower.

[0073] In this manner, the transistor including an i-type
(intrinsic) or substantially i-type oxide semiconductor film
can have extremely favorable off-state current characteristics.
For example, the drain current at the time when the transistor
including an oxide semiconductor film is in an off-state at
room temperature (approximately 25° C.) can be less than or
equal to 1x107*® A, less than or equal to 1x1072" A, or less
than or equal to 1x107** A; or at 85° C., less than or equal to
1x107*% A, less than or equal to 1x107*® A, or less than or
equal to 1x1072! A. Note that the off state of an n-channel
transistor refers to a state where a gate voltage is sufficiently
lower than the threshold voltage. Specifically, the transistor is
off when the gate voltage is lower than the threshold voltage
by 1V or more, 2V or more, or 3V or more.

[0074] The oxide semiconductor film may include one or
more of an oxide semiconductor having a single-crystal struc-
ture (hereinafter referred to as a single-crystal oxide semicon-
ductor), an oxide semiconductor having a polycrystalline
structure (hereinafter referred to as a polycrystalline oxide
semiconductor), an oxide semiconductor having a microcrys-
talline structure (hereinafter referred to as a microcrystalline
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oxide semiconductor), and an oxide semiconductor having an
amorphous structure (hereinafter referred to as an amorphous
oxide semiconductor). The oxide semiconductor film may
include a CAAC-OS. The oxide semiconductor film may
include an amorphous oxide semiconductor and an oxide
semiconductor having a crystal grain. Described below is a
CAAC-0S film as a typical example.

[0075] The CAAC-OS film is an oxide semiconductor film
having a plurality of c-axis aligned crystal parts.

[0076] Inatransmission electron microscope (TEM)image
of the CAAC-OS film, a boundary between crystal parts, that
is, a grain boundary is not clearly observed. Thus, in the
CAAC-OS film, a reduction in electron mobility due to the
grain boundary is less likely to occur.

[0077] Inthe TEMimage ofthe CAAC-OS film observedin
a direction substantially parallel to a sample surface (cross-
sectional TEM image), metal atoms are arranged in a layered
manner in the crystal parts. Each metal atom layer has a
morphology reflecting a surface over which the CAAC-OS
film is formed (hereinafter, a surface over which the CAAC-
OS film is formed is referred to as a formation surface) or a top
surface of the CAAC-OS film, and is parallel to the formation
surface or the top surface of the CAAC-OS film

[0078] Inthe TEMimage ofthe CAAC-OS film observedin
a direction substantially perpendicular to the sample surface
(plan TEM image), metal atoms are arranged in a triangular or
hexagonal configuration in the crystal parts. However, there is
no regularity of arrangement of metal atoms between differ-
ent crystal parts.

[0079] A CAAC-OS film is subjected to structural analysis
with an X-ray diffraction (XRD) apparatus. For example,
when the CAAC-OS film including an InGaZnQO, crystal is
analyzed by an out-of-plane method, a peak appears fre-
quently when the diffraction angle (20) is around 31°. This
peak is derived from the (009) plane of the InGaZnQO, crystal,
which indicates that crystals in the CAAC-OS film have
c-axis alignment, and that the c-axes are aligned ina direction
substantially perpendicular to the formation surface or the top
surface of the CAAC-OS film

[0080] Inthe case where the CAAC-OS film is analyzed by
an in-plane method in which an X-ray enters a sample in a
direction substantially perpendicular to the c-axis, a peak
appears frequently when 28 is around 56°. This peak is
derived from the (110) plane of the InGaZnO, crystal. Here,
analysis (¢ scan) is performed under conditions where the
sample is rotated around a normal vector of a sample surface
as an axis (¢ axis) with 26 fixed at around 56°. In the case
where the sample is a single-crystal oxide semiconductor film
of InGaZnQ,, six peaks appear. The six peaks are derived
from crystal planes equivalent to the (110) plane. On the other
hand, in the case of a CAAC-OS film, a peak is not clearly
observed even when ¢ scan is performed with 20 fixed at
around 56°.

[0081] These results show that in the CAAC-OS film hav-
ing c-axis alignment, while the directions of a-axes and
b-axes are irregularly oriented between crystal parts, the
c-axes are aligned in a direction parallel to a normal vector of
a formation surface or a normal vector of a top surface. Thus,
each metal atom layer arranged in a layered manner observed
in the cross-sectional TEM image corresponds to a plane
parallel to the a-b plane of the crystal.

[0082] The CAAC-OS film is an oxide semiconductor film
having low impurity concentration. The impurity is an ele-
ment other than the main components of the oxide semicon-
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ductor film, such as hydrogen, carbon, silicon, or a transition
metal element. In particular, an element that has higher bond-
ing strength to oxygen than a metal element included in the
oxide semiconductor film, such as silicon, disturbs the atomic
arrangement of the oxide semiconductor film by depriving the
oxide semiconductor film of oxygen and causes a decrease in
crystallinity. A heavy metal such as iron or nickel, argon,
carbon dioxide, or the like has a large atomic radius (molecu-
lar radius), and thus disturbs the atomic arrangement of the
oxide semiconductor film and causes a decrease in crystallin-
ity when it is contained in the oxide semiconductor film. Note
that the impurity contained in the oxide semiconductor film
might serve as a carrier trap or a carrier generation source.
[0083] The CAAC-OS film is an oxide semiconductor film
having a low density of defect states. In some cases, oxygen
vacancies in the oxide semiconductor film serve as carrier
traps or serve as carrier generation sources when hydrogen is
captured therein.

[0084] Thestate in which impurity concentrationis low and
density of defect states is low (the number of oxygen vacan-
cies is small) is referred to as a “highly purified intrinsic” or
“substantially highly purified intrinsic” state. A highly puri-
fied intrinsic or substantially highly purified intrinsic oxide
semiconductor film has few carrier generation sources, and
thus can have a low carrier density. Thus, a transistor includ-
ing the oxide semiconductor film rarely has negative thresh-
old voltage (is rarely normally on). The highly purified intrin-
sic or substantially highly purified intrinsic oxide
semiconductor film has a low density of defect states, and thus
has few carrier traps. Accordingly, the transistor including the
oxide semiconductor film has little variation in electrical
characteristics and high reliability. Electric charge trapped by
the carrier traps in the oxide semiconductor film takes a long
time to be released, and might behave like fixed electric
charge. Thus, the transistor which includes the oxide semi-
conductor film having high impurity concentration and a high
density of defect states has unstable electrical characteristics
in some cases.

[0085] Ina transistor using the CAAC-OS film, changes in
electrical characteristics due to irradiation with visible light
or ultraviolet light are small.

[0086] This embodiment can be implemented in combina-
tion with any of the other embodiments as appropriate.

Embodiment 5

[0087] In Embodiment 5, an example of a cross-sectional
structure of a transistorused in a semiconductor device of one
embodiment of the disclosed invention will be described with
reference to drawings.

[0088] FIG. 8 illustrates an example of a cross-sectional
structure of part of a circuit portion in one embodiment of the
present invention. Note that the cross-sectional structures of
the transistor 412 including an oxide semiconductor
described in Embodiment 2 and FIG. 4 and a transistor 1140
containing single crystal silicon and included in the buffer
circuit 411 are illustrated in F1G. 8. A region between A1 and
A2 corresponds to a structure of the transistors 412 and 1140
in the channel length direction, and a region between A3 and
A4 corresponds to a structure of the transistors 412 and 1140
in the channel width direction. Note that in one embodiment
of the present invention, the channel length direction of the
transistor 412 is not necessarily aligned with the channel
length direction of the transistor 1140.
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[0089] The channel length direction denotes a direction in
which carriers move at the shortest distance between a pair of
impurity regions serving as a source region and a drain region.
The channel width direction denotes a direction perpendicu-
lar to the channel length direction.

[0090] FIG. 8 illustrates an example in which the transistor
412 including a channel formation region in an oxide semi-
conductor film is formed over the transistor 1140 including a
channel formation region in a single crystal silicon substrate.
With the structure illustrated in FIG. 8, the transistor 412 and
the transistor 1140 can overlap with each other. Alternatively,
the channel formation region of the transistor 412 and the
channel formation region of the transistor 1140 can overlap
with each other. Thus, the structure can reduce the layout area
of a semiconductor device.

[0091] The transistor 1140 may include a channel forma-
tion region in a semiconductor film or a semiconductor sub-
strate of silicon, germanium, or the like in an amorphous,
microcrystalline, polycrystalline, or single crystal state.
Alternatively, the transistor 1140 may include the channel
formation region in an oxide semiconductor film or an oxide
semiconductor substrate. In the case where the transistors
each include a channel formation region in an oxide semicon-
ductor film or an oxide semiconductor substrate, the transistor
412 is not necessarily stacked over the transistor 1140, and the
transistor 412 and the transistor 1140 may be formed in the
same layer.

[0092] Inthecase where the transistor 1140 is formed using
a thin silicon film, any of the following can be used in the thin
film-amorphous silicon formed by a sputtering method or a
vapor phase growth method such as a plasma-enhanced
chemical vapor deposition (CVD) method; polycrystalline
silicon obtained by crystallization of amorphous silicon by
treatment such as laser annealing; single crystal silicon
obtained by separation of a surface portion of a single crystal
silicon wafer by implantation of hydrogen ions or the like into
the silicon wafer; and the like.

[0093] A substrate 1100 where the transistor 1140 is
formed can be, for example, a silicon substrate, a germanium
substrate, or a silicon germanium substrate. InFIG. 8, a single
crystal silicon substrate is used as the substrate 1100.

[0094] The transistor 1140 is electrically isolated by ele-
ment isolation. Trench isolation (e.g., shallow trench isola-
tion (STI)) or the like can be used as the element isolation. In
FIG. 8, the transistor 1140 is electrically isolated by trench
isolation. Specifically, in FIG. 8, the transistor 1140 is elec-
trically isolated by element isolation using an element isola-
tion region 1101 formed in such a manner that an insulator
including silicon oxide or the like is buried in a trench formed
in the substrate 1100 by etching or the like and then the
insulator is removed partly by etching or the like.

[0095] In aprojection of the substrate 1100 that exists in a
region other than the trench, an impurity region 1102 and an
impurity region 1103 of the transistor 1140 and a channel
formation region 1104 placed between the impurity regions
1102 and 1103 are provided. The transistor 1140 also
includes an insulating film 1105 covering the channel forma-
tion region 1104 and a gate electrode 1106 that overlaps the
channel formation region 1104 with the insulating film 1105
placed therebetween.

[0096] In the transistor 1140, a side portion and an upper
portion of the projection in the channel formation region 1104
overlap with the gate electrode 1106 with the insulating film
1105 positioned therebetween, so that carriers flow in a wide
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area including the side portion and the upper portion of the
channel formation region 1104. Thus, the area of the transis-
tor 1140 in the substrate can be small, and the amount of
transfer of carriers in the transistor 1140 can be increased. As
a result, the on-state current and field-effect mobility of the
transistor 1140 are increased. Suppose the length in the chan-
nel width direction (channel width) of the projection in the
channel formation region 1104 is W, and the thickness of the
projection in the channel formation region 1104 is T. When
the aspect ratio of the thickness T to the channel width W is
high, a region where carriers flow becomes larger. Thus, the
on-state current of the transistor 1140 can be further increased
and the field-effect mobility of the transistor 1140 can be
further increased.

[0097] Note that in the case of the transistor 1140 formed
using a bulk semiconductor substrate, the aspect ratio is pref-
erably 0.5 or more, more preferably 1 or more.

[0098] An insulating film 1111 is provided over the tran-
sistor 1140. Openings are formed in the insulating film 1111.
Conductive films 1112 and 1113 that are electrically con-
nected to the impurity regions 1102 and 1103, respectively,
and a conductive film 1114 that is electrically connected to
the gate electrode 1106 are formed in the openings.

[0099] The conductive film 1112 is electrically connected
to a conductive film 1116 formed over the insulating film
1111. The conductive film 1113 is electrically connected to a
conductive film 1117 formed over the insulating film 1111.
The conductive film 1114 is electrically connected to a con-
ductive film 1118 formed over the insulating film 1111.

[0100] An insulating film 1120 is provided over the con-
ductive films 1116 to 1118. An insulating film 1121 having a
blocking effect of preventing diffusion of oxygen, hydrogen,
and water is provided over the insulating film 1120. As the
insulating film 1121 has higher density and becomes denser
or has a fewer dangling bonds and becomes more chemically
stable, the insulating film 1121 has a higher blocking effect.
The insulating film 1121 that has the effect of blocking dif-
fusion of oxygen, hydrogen, and water can be formed using,
for example, aluminum oxide, aluminum oxynitride, gallium
oxide, gallium oxynitride, yttrium oxide, yttrium oxynitride,
hafnium oxide, or hafhium oxynitride. The insulating film
1121 having an effect of blocking diffusion of hydrogen and
water can be formed using, for example, silicon nitride or
silicon nitride oxide.

[0101] An insulating film 1122 is provided over the insu-
lating film 1121, and the transistor 412 is provided over the
insulating film 1122.

[0102] The transistor 412 includes, over the insulating film
1122, a semiconductor film 1130 including an oxide semi-
conductor, conductive films 1132 and 1133 functioning as
source and drain electrodes and electrically connected to the
semiconductor film 1130, a gate insulating film 1131 cover-
ing the semiconductor film 1130, and a gate electrode 1134
overlapping with the semiconductor film 1130 with the gate
insulating film 1131 therebetween. Note that an opening is
formed in the insulating films 1120 to 1122. The conductive
film 1133 is connected to the conductive film 1118 in the
opening.

[0103] Note that in FIG. 8, the transistor 412 includes at
least the gate electrode 1134 on one side of the semiconductor
film 1130, and may further include a gate electrode overlap-
ping with the semiconductor film 1130 with the insulating
film 1122 positioned therebetween.
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[0104] When the transistor 412 includes a pair of gate elec-
trodes, a signal for controlling an on state or an off state may
be input to one of the gate electrodes, and the other of the gate
electrodes may be supplied with a potential. In that case,
potentials with the same level may be supplied to the pair of
gate electrodes, or a fixed potential such as the ground poten-
tial may be supplied only to the other of the gate electrodes.
By controlling the level of a potential supplied to the other of
the gate electrodes, the threshold voltage of the transistor can
be controlled.

[0105] InFIG. 8, the transistor 412 has a single-gate struc-
ture in which one channel formation region corresponding to
one gate electrode 1134 is provided. However, the transistor
412 may have a multi-gate structure where a plurality of
electrically connected gate electrodes are provided so that a
plurality of channel formation regions are included in one
active layer.

[0106] FIG. 8 illustrates an example in which the semicon-
ductor film 1130 included in the transistor 412 includes oxide
semiconductor films 1130a to 1130c¢ that are stacked in this
order over the insulating film 1122. Note that in one embodi-
ment of the present invention, the semiconductor film 1130 of
the transistor 412 may be formed using a single-layer metal
oxide film.

[0107] The insulating film 1122 preferably has a function
of supplying part of oxygen to the oxide semiconductor films
11304 to 1130¢ by heating. It is preferable that the number of
defects in the insulating film 1122 be small, and typically the
spin density of g=2.001 due to a dangling bond of silicon be
lower than or equal to 1x10"® spins/cm’. The spin density is
measured by electron spin resonance (ESR) spectroscopy.
[0108] The insulating film 1122, which has a function of
supplying part of the oxygen to the oxide semiconductor films
1130a to 1130¢ by heating, is preferably an oxide. Examples
of the oxide include aluminum oxide, magnesium oxide, sili-
con oxide, silicon oxynitride, silicon nitride oxide, gallium
oxide, germanium oxide, yttrium oxide, zirconium oxide,
lanthanum oxide, neodymium oxide, hafnium oxide, and tan-
talum oxide. The insulating film 1122 can be formed by a
plasma-enhanced CVD method, a sputtering method, or the
like.

[0109] Note that in this specification, oxynitride contains
more oxygen than nitrogen, and nitride oxide contains more
nitrogen than oxygen.

[0110] Note that in the transistor 412 illustrated in FIG. 8,
the gate electrode 1134 overlaps with end portions of the
oxide semiconductor film 11305 including a channel region
that are not overlapped with the conductive films 1132 and
1133, i.e., end portions of the oxide semiconductor film
11305 that are in a region different from a region where the
conductive films 1132 and 1133 are located. When the end
portions of the oxide semiconductor film 11305 are exposed
to plasma by etching for forming the end portions, a chlorine
radical, a fluorine radical, or other radicals generated from an
etching gas are easily bonded to a metal element contained in
an oxide semiconductor. For this reason, in the end portion of
the oxide semiconductor film, oxygen bonded to the metal
element is easily eliminated, so that an oxygen vacancy is
easily formed; thus, the oxide semiconductor film easily has
n-type conductivity. However, an electric field applied to the
end portions can be controlled by controlling the potential of
the gate electrode 1134 because the end portions of the oxide
semiconductor film 11305 that are not overlapped with the
conductive films 1132 and 1133 are overlapped with the gate
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electrode 1134 in the transistor 412 illustrated in FIG. 8.
Consequently, current that flows between the conductive
films 1132 and 1133 through the end portions of the oxide
semiconductor film 11305 can be controlled by the potential
applied to the gate electrode 1134. This structure of the tran-
sistor 412 is referred to as a surrounded channel (s-channel)
structure.

[0111] With the s-channel structure, specifically, when a
potential at which the transistor 412 is turned off is supplied
to the gate electrode 1134, the amount of off-state current that
flows between the conductive films 1132 and 1133 through
the end portions of the oxide semiconductor film 11305 can
be reduced. For this reason, in the transistor 412, even when
the distance between the conductive films 1132 and 1133 at
the end portions of the oxide semiconductor film 11305 is
reduced as a result of reducing the channel length to obtain
high on-state current, the transistor 412 can have low off-state
current. Consequently, with the short channel length, the tran-
sistor 412 can have high on-state current when in an on state
and low off-state current when in an off state.

[0112] With the s-channel structure, specifically, when a
potential at which the transistor 412 is turned on is supplied to
the gate electrode 1134, the amount of current that flows
between the conductive films 1132 and 1133 through the end
portions of the oxide semiconductor film 11306 can be
increased. The current contributes to an increase in the field-
effect mobility and on-state current of the transistor 412.
When the end portions of the oxide semiconductor film 11305
are overlapped with the gate electrode 1134, carriers flow ina
wide region of the oxide semiconductor film 11305 without
being limited to a region in the vicinity of the interface
between the oxide semiconductor film 11305 and the gate
insulating film 1131, which results in an increase in carrier
mobility of the transistor 412. As a result, the on-state current
of the transistor 412 is increased, and the field-effect mobility
is increased. Typically, the field-effect mobility is greater than
or equal to 10 cm?/V's or greater than or equal to 20 cm?/Vs.
Note that here, the field-effect mobility is not an approximate
value of the mobility as the physical property of the oxide
semiconductor film but is an index of current drive capability
and the apparent field-effect mobility of a saturation region of
the transistor.

[0113] An insulating film 1135 is provided over the tran-
sistor 412. An opening is formed to penetrate the insulating
film 1135. A conductive film 1136 electrically connected to
the conductive film 1132 is formed in the opening. The con-
ductive film 1136 is electrically connected to a conductive
film 1137 on the insulating film 1135. With this structure, the
source or drain electrode of the transistor 412 can be extracted
to the upper wiring. Note that one embodiment of the present
invention is not limited to the structure in FIG. 8.

[0114] A semiconductor device in this specification and the
like is not limited to the semiconductor device in FIG. 8 using
a single crystal silicon substrate as the substrate 1100. The
substrate is not limited to a particular type, and a variety of
substrates can be used in the transistor in this specification
and the like. For example, a semiconductor substrate (e.g., a
single crystal substrate or a silicon substrate), an SOI sub-
strate, a glass substrate, a quartz substrate, a plastic substrate,
a metal substrate, a stainless steel substrate, a substrate con-
taining stainless steel foil, a tungsten substrate, a substrate
containing tungsten foil, a flexible substrate, an attachment
film, paper containing a fibrous material, and a base material
film can be used. Examples of the glass substrate include a



US 2015/0325172 Al

barium borosilicate glass substrate, an aluminoborosilicate
glass substrate, and a soda lime glass substrate. Examples of
the flexible substrate, the attachment film, and the base mate-
rial film are as follows: plastic typified by polyethylene
terephthalate (PET), polyethylene naphthalate (PEN), and
polyether sulfone (PES); a synthetic resin such as acrylic;
polypropylene; polyester; vinyl; polyvinyl fluoride; polyvi-
nyl chloride; polyamide; polyimide; aramid; epoxy; an inot-
ganic vapor deposition film; and paper. The use of semicon-
ductor substrates, single crystal substrates, SOI substrates,
and the like enables fabrication of small-sized transistors with
asmall variation in characteristics, size, shape, or the like and
with high current capability. A circuit using the transistors can
have lower power consumption and higher integration.
[0115] Alternatively, a flexible substrate may be used and
the transistor may be formed thereon directly. A separation
layer may be provided between the substrate and the transis-
tor. The separation layer can be used when part or the whole
of asemiconductor device formed over the separation layer is
separated from the substrate and transferred to another sub-
strate. In such a case, the transistor can be transferred to a
substrate having low heat resistance or a flexible substrate as
well. For the above separation layer, a stack including inor-
ganic films, which are a tungsten film and a silicon oxide film,
or an organic resin film of polyimide or the like formed over
a substrate can be used, for example.

[0116] In other words, a transistor may be formed on one
substrate and then transferred to another substrate. Examples
of a substrate to which a transistor is transferred include, in
addition to the above substrate over which the transistor can
be formed, a paper substrate, a cellophane substrate, an ara-
mid film substrate, a polyimide film substrate, a stone sub-
strate, a wood substrate, a cloth substrate (including a natural
fiber (e.g., silk, cotton, or hemp), a synthetic fiber (e.g., nylon,
polyurethane, or polyester), a regenerated fiber (e.g., acetate,
cupra, rayon, or regenerated polyester), and the like), a leather
substrate, and a rubber substrate, When such a substrate is
used, a transistor with excellent properties or a transistor with
low power consumption can be formed, a device with high
durability, high heat resistance can be provided, or reduction
in weight or thickness can be achieved.

[0117] This embodiment can be implemented in combina-
tion with any of the other embodiments as appropriate.

Embodiment 6

[0118] Embodiment 6 describes electronic devices includ-
ing the display correction circuit or the display correction
system described in the above embodiments with reference to
FIGS. 9A to 9D.

[0119] Described is electronic devices, such as a computer,
a portable information terminal (including a cellular phone, a
portable game machine, and an audio reproducing device), a
television (also referred to as a TV or a television receiver),
which includes the display correction circuit or display cor-
rection system.

[0120] FIG. 9A illustrates a portable information terminal
including a housing 2001 and a display portion 2002. The
housing 2001 is foldable. The display portion 2002 can be
folded in half using a flexible display device, specifically a
flexible organic EL panel is used. The portable information
terminal can be folded away for storage with a half of the size
in displaying, which makes it easier to take anywhere. The
display correction circuit of one embodiment of the present
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invention is beside the display portion 2002. A controller, an
image processing circuit, and a CPU are inside the housing
2001.
[0121] The portable information terminal in FIG. 9A can
have a function of displaying a variety of information (e.g., a
still image, a moving image, and a text image) on the display
portion, a function of displaying a calendar, a date, the time,
and the like on the display portion, a function of operating or
editing the information displayed on the display portion, a
function of controlling processing by various kinds of soft-
ware (programs), and the like. Furthermore, an external con-
nection terminal (an earphone terminal, a USB terminal, or
the like), a recording medium insertion portion, and the like
may be provided on the back surface or the side surface of the
housing. In addition, the portable information terminal illus-
trated in FIG. 9A may transmit and receive data wirelessly.
Through wireless communication, desired book data or the
like can be purchased and downloaded from an e-book server.
[0122] FIG. 9B illustrates a smartphone including a hous-
ing 2003 and a display portion 2004. A smartphone has many
functions other than phone call, such as a game, a portable
music player, navigation system, and a portable television and
thus needs a high-definition display screen. A high-definition
display is achieved with the display correction circuit or the
display correction system of one embodiment of the present
invention.
[0123] FIG. 9C illustrates a monitor of a personal computer
including a housing 2005 and a display portion 2006. In
recent years, resolution of personal computers have been
increased and 4 K (3840x2160) personal computers have
been released. A high-resolution display with good display
characteristics is achieved when the display correction circuit
or the display correction system of one embodiment of the
present invention is used for the display portion 2006.
[0124] FIG. 9D is a television device, which includes a
housing 2007 and a display portion 2008. The television
device can be operated by a switch of the housing 2007 or a
remote controller. The use of the display correction circuit or
the display correction system of one embodiment of the
present invention can provide a favorable display.
[0125] Since the electronic devices shown in Embodiment
6 each include an electronic component provided with the
display correction circuit or the display correction system
described in the above embodiments, they can consume less
power and operate at high speed.
[0126] This application is based on Japanese Patent Appli-
cation serial no. 2014-097986 filed with Japan Patent Office
on May 9, 2014, the entire contents of which are hereby
incorporated by reference.
What is claimed is:
1. A display correction circuit comprising;
a capacitor configured to input a driving current of a pixel,
an oxide semiconductor transistor configured to reset a
potential of the capacitor;
a buffer circuit connected to the capacitor;
an AD converter configured to AD-convert an output of the
buffer circuit; and
an output circuit configured to sequentially output data
output from the AD converter.
2. A display correction system comprising:
the display correction circuit according to claim 1;
an image processing circuit configured to form correction
data from an output result of the output circuit and cor-
rect a video signal using the correction data; and
a memory configured to store the correction data.
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3. A display device comprising:
the display correction circuit according to claim 1; and
a display region including pixels arranged in a matrix,
wherein the display correction circuit is provided outside
the display region.
4. The display device according to claim 3, wherein the
driving current of the pixel is 100 nA or smaller.
5. The display device according to claim 3, wherein the
pixel includes an organic EL element.
6. A display device comprising:
the display correction circuit according to claim 1;
an image processing circuit configured to form correction
data from an output result of the output circuit and cor-
rect a video signal using the correction data;
amemory configured to store the correction data; and
a display region including pixels arranged in a matrix,
wherein the display correction circuit is provided outside
the display region.
7. The display device according to claim 6, wherein the
driving current of the pixel is 100 nA or smaller.
8. The display device according to claim 6, wherein the
pixel includes an organic EL element.
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