US 20180233081A1

12 Patent Application Publication o) Pub. No.: US 2018/0233081 A1

a9y United States

KISHI et al. (43) Pub, Date: Aug, 16,2018
(54) DISPLAY APPARATUS AND DRIVING Publication Classification
METHOD THEREFOR 51) Int. CL
(1)
G09G 3/3233 (2006.01)
(71)  Applicant: Sharp Kabushiki Kaisha, Sakai City, (52) US. CL
Osaka (JP) CPC ... GOYG 3/3233 (2013.01); GO9G 2320/0295
(2013.01)
(72) Inventors: Noritaka KISHI, Sakai City (JP); 7) ABSTRACT
Hiroyuki FURUKAWA, Sakai City I data line drivel " ¢ circuit i
(P): Katsuya OTOI, Sakai City (IP); n a data line drive/current measurement circuit, m mea
. ; S surement units are disposed in a plurality of semiconductor
Kazuyoshi YOSHIYAMA, Sakai City - . L
. chips such that the m measurement units are distributed
(JP); Tamotsu SAKAI, Sakai City (IP); . . . .
o among the plurality of semiconductor chips. A display
Naoko GOTO, Sakai City (JP); - . . :
Noboru NOGUCHL. Sakai Citv (1P apparatus includes transistors such that one transistor is
oboru - Sakai City (IP) provided for two adjacent semiconductor chips. Inter-chip
correction data indicating a variation among the semicon-
(21) Appl. No.: 15/751,552 ductor chips in terms of characteristics of elements in the
measurement units is determined based on a result of a
(22) PCT Filed: Aug. 3, 2016 current measurement performed for the same transistor
using measurement units disposed in different semiconduc-
(86) PCT No.: PCT/IP2016/072734 tor chips. The inter-chip correction data is stored in a storage
unit and is used in correcting an image signal. The inter-chip
§ 371 (e)(D), correction data may be determined based on a result of
(2) Date: Feb. 9, 2018 measuring a current flowing through a common cathode of
organic EL elements for each semiconductor chip. Thus, a
(30) Foreign Application Priority Data variation in the characteristic of the element among the
semiconductor chips is compensated for and high image
Aug. 10,2015 (JP) o, 2015-157902 quality is achieved in displaying.
GA1 L .
10
10 _ GB1 B Lo i ] |
x g G A2 T ] i ] L I 1 I ] .
= [ GB2 | L | 1 |
Ll
T T T
13- . A : A R A e
flogrl L 12 L] ]
2 | GAn- Y : I ot
= | GBn-1 0 1 0 Ot
|G | T/
GBn i i ] 1 i L
CORRECTION DATA V&1
STORAGE UNIT
cst st {82 |83 sm2|Smt|sm 14
163 STORAGE UNIT T %
15p ] TFT GAN DISPLAY |, 3
STORAGE UNIT CONTROL [ 3 ¢ t ¢ ¢
15 CIRCUIT
™ _.| OLED OFFSET SIGNAL CONVERSION CIRCUIT 40
1501 STORAGE UNIT 5 SR T
s0-{ o o
WNT | V2 DRIVE/MEASUREMENT SIGNAL GENERATION CIRCUIT 17
MS
NTERCHP | | |7
15e - CORRECTION DATA
STORAGE UNIT DATA LINE DRIVE/CURRENT MEASUREMENT CIRCUIT




US 2018/0233081 A1

Aug. 16,2018 Sheet 1 of 13

Patent Application Publication

LIN[ FA9VHOLS
LINOHID INFWAHNSYEW INFHNO/EARA INFTYLYA v ._.<m_u %_ wwwmmoo _ag)
SN | j---coooemmy
™ " LINN !
ll LINJHEID NOLLYHENTD TYNDIS INFWIHNSYIN/AAIMEA ZSA NOLDERO0 MRE -
e ——— | ¢SO |7y NI¥O 0310
—t 1 PR o LINA 39VH0LS
0F LINOHIO NOISHIANOD TYNDIS 138440 a7io [ G )
1 Y X 1 ¥ Y LINJHID
S b o] RS B
08—
; =L INN39VH0IS | g,
g ws|lws|z-ws es| ezs| 1s o] ] 135440 L4l
LINN d9VHOLS
N ] | LSA Y1¥a NOILOIHHOD
uge
i 1 i 1 A I I I I uyo) %
1 0 1 U89 | =
T ] T 1 1|72
13 13 H ON 1 1] 1] - M
b " " “ : : M . | = €
I | 1 "1 E
1 [ [ 289 | =
! T T ) | T I N<® m /
] I i 189 o
T _ ! _ VO .
I Ol



US 2018/0233081 A1

Aug. 16,2018 Sheet 2 of 13

Patent Application Publication

FIG. 2

lllllllllllllllllllllllll

TO SIGNAL CONVERSION CIRCUIT 40



US 2018/0233081 A1

Aug. 16,2018 Sheet 3 of 13

Patent Application Publication

S ¢SA 2SO
1INOHIO NOILVHANTO TYNDIS INJWIHNSYAN/IAIKEA /]
cp —] H3ILHIANOD ANV .. £y — H3ILHIANOD AV m_
| |
zp—~{  LINJ¥ID 138440 b . 2y LINDAHID 13S440 W 0

| : | ;o

/ ¥0L0373S \ - / ¥OLOI13S \ |
m | A m m S S ww o 0— M M 0" O m M t+— o m M ) A W
e B AR e L S ST SRR o L SN o e SR o e
IR N R e L e v e
% z+dung 1 +d-wng i dAd iZAa L LAd
i 5 ! ' S 1 o1 ' & ! to [ 3
........ f [ A A T R .

0¢ 0¢ 0¢ 0¢ 0¢ 0¢
wg e z+d-wg |+d-wg - - dg . 1S

€ 9Old



Patent Application Publication Aug. 16,2018 Sheet 4 of 13 US 2018/0233081 A1
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FIG. 11
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DISPLAY APPARATUS AND DRIVING
METHOD THEREFOR

TECHNICAL FIELD

[0001] The present invention relates to a display appara-
tus, and more particularly, to a display apparatus including
a pixel circuit including an electro-optic element such as an
organic EL element, and to a driving method therefor.

BACKGROUND ART

[0002] 1In recent years, an organic EL, (Electro L.umines-
cence) display apparatus has attracted because of its small
thickness, light weight, and high response speed. The
organic EL display apparatus includes a plurality of pixel
circuits arranged in a two-dimensional form. The pixel
circuits of the organic EL display apparatus each include an
organic EL element and a driving transistor connected in
series to the organic EL element. The driving transistor
controls the amount of a current flowing through the organic
EL element, and the organic EL element emits light with
luminance depending on the flowing current.

[0003] Variations in characteristics of elements in pixel
circuits occur during a production process. Furthermore, the
characteristics of elements in the pixel circuits change with
passage of time. For example, characteristics of driving
transistors degrade individually depending on light emission
luminance or light emission time. As with the driving
transistors, characteristics of organic EL elements also
degrade. Therefore, even when there is no difference in
voltage applied to gate terminals of driving transistors, a
variation occurs in light emission luminance among organic
EL elements.

[0004] In view of the above, to achieve high image quality
in displaying in organic EL display apparatuses, it is known,
as a method, to correct an image signal so as to compensate
for variations in characteristics among organic EL elements
or driving transistors or as to compensate for changes in
characteristic with time. For example, PTL 1 discloses an
organic EL display apparatus configured such that voltages
between terminals of organic EL elements, which occur
when a calibration current is passed through each organic EL
element, are measured, and an image signal is corrected
based on the measured voltages thereby compensating for
characteristic changes of the organic EL elements.

CITATION LIST

Patent Literature

[0005] PTL 1: Japanese Unexamined Patent Application
Publication No. 2009-244654

SUMMARY OF INVENTION

Technical Problem

[0006] However, variations of characteristics of elements
also occur outside pixel circuits. Hereinafter, a discussion is
given as to an organic EL display apparatus in which, to
compensate for variations or changes in characteristics of
elements in pixel circuits, current measurement circuits
configured to measure currents flowing through pixel cir-
cuits are provided. In a case where a current measurement
circuit including an operational amplifier and a capacitor is
used, a variation of capacitance of the capacitor occurs due
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to a variation in a semiconductor process used to form the
current measurement circuit. Furthermore, in an organic EL
display apparatus including a plurality of current measure-
ment circuits, a plurality of semiconductor chips each
including one or more current measurement circuits are
provided. In this case, the variation of capacitance of capaci-
tors disposed in different semiconductor chips is greater than
the variation of capacitors disposed in the same semicon-
ductor chip.

[0007] When there is a variation in capacitance of capaci-
tors in current measurement circuits, it is impossible to
accurately measure a current flowing in each pixel circuit,
and thus it is impossible to accurately correct an image
signal such that the variation or the change in the charac-
teristics of elements in the pixel circuits is compensated for.
Therefore, in the organic EL display apparatus, even if the
image signal is corrected based on a result of the current
measurement, variations of characteristics of elements
among semiconductor chips may cause a luminance differ-
ence to occur at a boundary between areas, which may make
it difficult to achieve high image quality in displaying.
Furthermore, there is a possibility that a variation of char-
acteristics of an element among current measurement cit-
cuits may make it difficult to achieve high image quality in
displaying.

[0008] Thus, it is an object of the present invention to
provide a display apparatus configured to compensate for a
variation in terms of a characteristic of an element among
semiconductor chips thereby achieving high image quality
in displaying. It is another object of the present invention to
provide a display apparatus configured to compensate for a
variation in terms of a characteristics of an element among
measurement units thereby achieving high image quality in
displaying.

Solution to Problem

[0009] In a first aspect of the present invention, an active
matrix display apparatus includes

[0010] a display unit including a plurality of scanning
lines, a plurality of data lines, and a plurality of pixel circuits
arranged in a two-dimensional form,

[0011] a scanning line drive circuit configured to drive the
scanning lines,

[0012] a data line drive circuit configured to drive the data
lines,

[0013] a measurement circuit including a plurality of

measurement units and configured to measure currents or
voltages of the pixel circuits,

[0014] a correction unit configured to correct, based on the
currents or the voltages measured by the measurement
circuit, an image signal to be supplied to the data line drive
circuit, and

[0015] a storage unit configured to store data used in
correcting the image signal,

[0016] the plurality of measurement units being disposed
in a plurality of semiconductor chips such that the plurality
of measurement units are distributed among the plurality of
semiconductor chips,

[0017] the storage unit being configured to store inter-chip
correction data indicating a variation in terms of a charac-
teristic of an element in the measurement unit among the
semiconductor chips.

[0018] In asecond aspect of the present invention accord-
ing to the first aspect of the present invention,
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[0019] the inter-chip correction data is data based on a
result of a measurement of a current or a voltage, the
measurement being performed for the same measurement
target circuit using measurement units disposed in different
semiconductor chips.

[0020] In a third aspect of the present invention according
to the second aspect of the present invention,

[0021] the semiconductor chips are arranged in a one-
dimensional form, and

[0022] the measurement target circuit is further provided
for two adjacent semiconductor chips.

[0023] In a fourth aspect of the present invention accord-
ing to the second aspect of the present invention,

[0024] the number of measurement target circuits is
smaller by one than the number of semiconductor chips.
[0025] In a fifth aspect of the present invention according
to the first aspect of the present invention,

[0026] the pixel circuits each include an electro-optic
element including a common cathode, and

[0027] the inter-chip correction data is data based on a
result of measurement of a current flowing through the
common cathode for each semiconductor chip.

[0028] 1In asixth aspect of the present invention according
to the fifth aspect of the present invention,

[0029] the inter-chip correction data is data based on a
result of a measurement of a current flowing through the
common cathode, the measurement being performed for
each of a plurality of areas into which the display unit is
divided such that the areas correspond to the respective
semiconductor chips, the measurement being performed
while controlling light emission to sequentially occur from
one area to another in the display unit.

[0030] In aseventh aspect of the present invention accord-
ing to the first aspect of the invention,

[0031] the storage unit further stores inter-channel correc-
tion data indicating a variation in terms of a characteristic of
an element included in one measurement unit among the
measurement units.

[0032] In an eighth aspect of the present invention accord-
ing to the seventh aspect of the present invention,

[0033] the inter-channel correction data is data based on a
result of measuring a zero-current by using the correction
unit.

[0034] In aninth aspect of the present invention according
to the first aspect of the present invention,

[0035] the pixel circuit includes an electro-optic element
and a driving transistor connected in series to the electro-
optic element.

[0036] In atenth aspect of the present invention according
to the ninth aspect of the present invention,

[0037] the storage unit further stores threshold voltages
and gains of the electro-optic element and the driving
transistor for each pixel circuit, and

[0038] the correction unit determines, based on the cur-
rents or the voltages measured by the measurement circuit,
the threshold voltages and the gains to be stored in the
storage unit and corrects the image signal based on the
threshold voltages and the gains stored in the storage unit.
[0039] In an eleventh aspect of the present invention
according to the tenth aspect of the present invention,
[0040] the pixel circuit further includes

[0041] a write control transistor including a first conduc-
tion terminal connected to the data line, a second conduction
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terminal of a control terminal of the driving transistor, and
a control terminal connected to a first scanning lines of the
scanning lines, and

[0042] aread control transistor including a first conduction
terminal connected to the data line, a second conduction
terminal connected to a connection node between the driving
transistor and the electro-optic element, and a control ter-
minal connected to a second scanning line of the scanning
lines.

[0043] In a twelfth aspect of the present invention, a
method of driving a display apparatus, the display apparatus
being an active matrix display apparatus including a display
unit including a plurality of scanning lines, a plurality of
data lines, and a plurality of pixel circuits arranged in a
two-dimensional form, the method includes

[0044] driving the scanning lines,
[0045] driving the data lines,
[0046] measuring currents or voltages of the pixel circuits

by using a plurality of measurement units,

[0047] correcting, based on the measured currents or volt-
ages, an image signal used to drive the data lines, and
[0048] storing data used in correcting the image signal,
[0049] the plurality of measurement units being disposed
in a plurality of semiconductor chips such that the plurality
of measurement units are distributed among the plurality of
semiconductor chips,

[0050] in the storing, inter-chip correction data indicating
a variation of a characteristic of an element in the measure-
ment unit among the semiconductor chips is stored.

[0051] In a thirteenth aspect of the present invention
according to the twelfth aspect of the present invention, in
the storing, inter-channel correction data indicating a varia-
tion of a characteristic of an element in the measurement unit
among the measurement units is further stored.

Advantageous Effects of Invention

[0052] According to the first or twelfth aspect of the
present invention, by storing the inter-chip correction data
indicating the variation of the characteristic of the element
in the measurement unit among the semiconductor chips and
correcting the image signal using the stored inter-chip cor-
rection data, it is possible to compensate for the variation of
the characteristic of the element among the semiconductor
chips thereby achieving high image quality in displaying.
[0053] According to the second aspect of the present
invention, based on the result of measuring currents or
voltages of the same measurement target circuit by using
measurement units disposed in different semiconductor
chips, it is possible to determine the inter-chip correction
data indicating the variation of the characteristic of the
element in the measurement unit among the semiconductor
chips.

[0054] According to the third or fourth aspect of the
present invention, one measurement target circuit is pro-
vided for two adjacent semiconductor chips, and the current
of the voltage is measured for the same measurement target
circuit by using measurement units disposed in different
semiconductor chip, and thereby it is possible to determine
the inter-chip correction data.

[0055] According to the fifth aspect of the present inven-
tion, based on the result of measuring the current flowing
through the common cathode for each semiconductor chip,
it is possible to determine inter-chip correction data indi-
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cating the variation of the characteristic of the element
among the semiconductor chips.

[0056] According to the sixth aspect of the present inven-
tion, it is possible to determine inter-chip correction data
based on the result of measuring the current flowing through
the common cathode while controlling light emission to
occur sequentially in the areas of the display unit.

[0057] According to the seventh or thirteenth aspect of the
present invention, by further storing inter-channel correction
data indicating the variation of the characteristic of the
element in one measurement unit among the measurement
units and correcting the image signal using the stored
inter-channel correction data, it is possible to compensate for
the variation of the characteristic among the measurement
units thereby achieving high image quality in displaying.
[0058] According to the eighth aspect of the present
invention, it is possible to determine the inter-channel cor-
rection data based on the result of measuring the zero-
current by using the correction unit.

[0059] According to the ninth aspect of the present inven-
tion, in the display apparatus including pixel circuits each
including an electro-optic element and a driving transistor, it
is possible to compensate for variations of characteristics of
the elements among the semiconductor chips thereby
achieving high image quality in displaying.

[0060] According to the tenth aspect of the present inven-
tion, by determining the threshold voltages and the gains of
the electro-optic element and the driving transistor based on
the result of measuring the currents or the voltages and
correcting the image signal using these threshold voltages
and the gains, it is possible to compensate for the variations
or change of the characteristics of the electro-optic element
and the driving transistor thereby achieving high image
quality in displaying.

[0061] According to the eleventh aspect of the present
invention, in the display apparatus including pixel circuits
each including an electro-optic element, a driving transistor,
a write control transistor, and a read control transistor, it is
possible to compensate for variations of characteristics of
elements among semiconductor chips thereby achieving
high image quality in displaying.

BRIEF DESCRIPTION OF DRAWINGS

[0062] FIG. 1 is a block diagram illustrating a configura-
tion of a display apparatus according to a first embodiment
of the present invention.

[0063] FIG. 2 is a circuit diagram of a pixel circuit and an
output/measurement circuit of the display apparatus illus-
trated in FIG. 1.

[0064] FIG. 3 is a diagram illustrating details of a part of
a data line drive/current measurement circuit of the display
apparatus illustrated in FIG. 1.

[0065] FIG. 4 is a timing chart associated with an opera-
tion of detecting a characteristic of a driving transistor in the
display apparatus illustrated in FIG. 1.

[0066] FIG. 5 is a timing chart associated with an opera-
tion of detecting a characteristic of an organic EL element in
the display apparatus illustrated in FIG. 1.

[0067] FIG. 6 is a flow chart illustrating a correction
process in the display apparatus illustrated in FIG. 1.
[0068] FIG. 7 is a diagram illustrating a configuration of
a data line drive/current measurement circuit and illustrating
a manner in which a display unit is divided into areas in the
display apparatus illustrated in FIG. 1.
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[0069] FIG. 8 is a diagram illustrating details of a semi-
conductor chip forming a data line drive/current measure-
ment circuit of the display apparatus illustrated in FIG. 1.

[0070] FIG. 9is a circuit diagram of a measurement target
circuit in the display apparatus illustrated in FIG. 1.

[0071] FIG. 10 is a diagram illustrating a method of
measuring a cathode current of an organic EL element in a
display apparatus according to a second embodiment of the
present invention.

[0072] FIG. 11 is a flow chart illustrating a process of
determining inter-chip correction data in the display appa-
ratus according to the second embodiment.

[0073] FIG. 12 is a block diagram illustrating a configu-
ration of a display apparatus according to a third embodi-
ment of the present invention.

[0074] FIG. 13 is a diagram illustrating a channel included
in the display apparatus illustrated in FIG. 12 and also
illustrating an offset voltage of the channel.

[0075] FIG. 14 is a block diagram illustrating a configu-
ration of a display apparatus according to a fourth embodi-
ment of the present invention.

[0076] FIG. 15 is a diagram illustrating a configuration of
a pixel circuit and an output/measurement circuit of the
display apparatus illustrated in FIG. 14.

DESCRIPTION OF EMBODIMENTS

[0077] Display apparatuses according to embodiments of
the present invention are described below with reference to
drawings. The display apparatuses according to the embodi-
ments of the present invention are each an active matrix
organic EL display apparatus including pixel circuits each
including an organic EL element and a driving transistor.
Hereinafter, a thin film transistor will also be referred to as
aTFT (Thin Film Transistor) and an organic EL element will
also be referred to as an OLED (Organic Light Emitting
Diode). Furthermore, m, n, and p are each an integer equal
to or greater than 2, i is an integer in a range from 1
(inclusive) to n (inclusive), and j is an integer in a range from
1 (inclusive) to m (inclusive).

First Embodiment

[0078] FIG. 1 is a block diagram illustrating a configura-
tion of a display apparatus according to a first embodiment
of the present invention. The display apparatus 10 illustrated
in FIG. 1 includes a display unit 11, a display control circuit
12, a scanning line drive circuit 13, a data line drive/current
measurement circuit (a circuit functioning as both a data line
drive circuit and a current measurement circuit) 14, and a
correction data storage unit 15. The display control circuit
12 includes a correction unit 16.

[0079] The display unit 11 includes 2n scanning lines GA1
to GAn and GBI to GBn, m data lines S1 to Sm, and (mxn)
pixel circuits 20. The scanning lines GA1 to GAn and GB1
to GBn are disposed in parallel to each other. The data lines
S1 to Sm are in parallel to each other and orthogonally to the
scanning lines GA1 to GAn and GB1 to GBn. The scanning
lines GA1 to GAn and the data lines S1 to Sm intersect each
other at (mxn) points. (mxn) pixel circuits 20 are disposed
at locations corresponding to the respective intersections
between the scanning lines GA1 to GAn and the data lines
S1 to Sm. Each pixel circuit 20 is supplied with a high-level



US 2018/0233081 A1

power supply voltage ELVDD and a low-level power supply
voltage ELVSS through a not-illustrated power supply line
or a power supply electrode.

[0080] The display apparatus 10 is applied with an image
signal VS1 from outside. Based on the image signal VS1, the
display control circuit 12 outputs a control signal CS1 to the
scanning line drive circuit 13 and outputs a control signal
CS2 and an image signal VS2 to the data line drive/current
measurement circuit 14. The control signal CS1 includes, for
example, a gate start pulse and a gate clock. The control
signal CS2 includes, for example, a source start pulse and a
source clock. The image signal VS2 is obtained as a result
of a correction performed by the correction unit 16 on the
image signal VS1 as described later.

[0081] The scanning line drive circuit 13 and the data line
drive/current measurement circuit 14 are disposed outside
the display unit 11. The scanning line drive circuit 13 and the
data line drive/current measurement circuit 14 perform,
selectively, a process of writing a data voltage according to
the image signal VS2 into the pixel circuits 20 and a process
of measuring currents flowing through the pixel circuits 20
when a measurement voltage is written into the pixel circuits
20. Hereinafter, the former process is referred to “writing”
and the latter process is referred to as “current measure-
ment”.

[0082] The scanning line drive circuit 13 drives the scan-
ning lines GA1 to GAn and GB1 to GBn according to the
control signal CS1. In the writing, the scanning line drive
circuit 13 sequentially selects one scanning line from the
scanning lines GA1 to GAn and applies a selection voltage
(a high-level voltage in the present case) to the selected
scanning line. As a result, m pixel circuits 20 connected to
the selected scanning line are selected at a time.

[0083] The data line drive/current measurement circuit 14
includes a drive/measurement signal generation circuit (a
circuit configured to generate a drive signal and a measure-
ment signal) 17, a signal conversion circuit 40, and m
output/measurement circuits (circuits each functioning as
both an output circuit and measurement circuit) 30 and is
configured to drive the data lines S1 to Sm according to the
control signal CS2. In the writing, the data line drive/current
measurement circuit 14 applies m data voltages according to
the image signal VS2 to the respective data lines S1 to Sm.
As a result, m data voltages are respectively written into the
selected m pixel circuits 20.

[0084] Operations of the scanning line drive circuit 13 and
the data line drive/current measurement circuit 14 in the
current measurement will be described later. The data line
drive/current measurement circuit 14 outputs a monitor
signal MS, including a result of the measurement of the
currents flowing through the pixel circuits 20, to the display
control circuit 12.

[0085] The correction unit 16 determines, based on the
monitor signal MS, characteristics of the driving transistors
and the organic EL elements in the pixel circuits 20, and
determines the image signal VS2 by correcting the image
signal VS1 using the determined characteristics. The cor-
rection data storage unit 15 is a work memory for use by the
correction unit 16. The correction data storage unit 15
includes a TFT offset storage unit 15a, a TFT gain storage
unit 156, an OLED offset storage unit 15¢, an OLED gain
storage unit 154, and an inter-chip correction data storage
unit 15e. The TFT offset storage unit 154 stores the threshold
voltage of the driving transistor for each pixel circuit 20. The
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TFT gain storage unit 154 stores the gain of the driving
transistor for each pixel circuit 20. The OLED offset storage
unit 15¢ stores the threshold voltage of the organic EL
element for each pixel circuit 20. The OLED gain storage
unit 154 stores a gain of the organic EL element for each
pixel circuit 20. The inter-chip correction data storage unit
15e stores data for use in compensating for a variation of a
characteristic of an element (more specifically, capacitance
of a capacitor) in a current measurement circuit among
semiconductor chips.

[0086] FIG. 2 is a circuit diagram of a pixel circuit 20 and
an output/measurement circuit 30. In FIG. 2, a pixel circuit
20 located in an ith row and a jth column and an output/
measurement circuit 30 corresponding to a data line Sj are
described. As illustrated in FIG. 2, the pixel circuit 20
located in the ith row and the jth column includes transistors
21 to 23, an organic EL element 24, and a capacitor 25 and
is connected to scanning lines GAi and GBi and the data line
Sj. The transistors 21 to 23 are each an N-channel type TFT.
[0087] A drain terminal of the transistor 21 is applied with
a high-level power supply voltage ELVDD. A source termi-
nal of the transistor 21 is connected to an anode terminal of
the organic EL element 24. A cathode terminal of the organic
EL element 24 is applied with a low-level power supply
voltage ELVSS. One of conduction terminals (a terminal
located on the left side in the case illustrated in FIG. 2) of
each of the respective transistors 22 and 23 is connected to
the data line Sj. The other conduction terminal of the
transistor 22 is connected to a gate terminal of the transistor
21. A gate terminal of the transistor 22 is connected to a
scanning line GAi. The other conduction terminal of the
transistor 23 is connected to the source terminal of the
transistor 21 and the anode terminal of the organic EL
element 24. A gate terminal of the transistor 23 is connected
to a scanning line GBi. The capacitor 25 is provided between
a gate terminal of the transistor 21 and the drain terminal of
the transistor 21. The transistors 21 to 23 respectively
function as a driving transistor, a write control transistor, and
a read control transistor.

[0088] The output/measurement circuit 30 corresponding
to the data line Sj includes an operational amplifier 31, a
capacitor 32, and switches 33 to 35, and is connected to the
data line Sj. One end (an upper end in the case illustrated in
FIG. 2) of the switch 34 and one end (a left-hand end in the
case illustrated in FIG. 2) of the switch 35 are connected to
the data line Sj. The other end of the switch 35 is applied
with a particular voltage V0. A non-inverting input terminal
of the operational amplifier 31 is applied with an output
signal DV] output from a D/A converter (not illustrated)
corresponding to the data line Sj. An inverting input terminal
of the operational amplifier 31 is connected to the other end
of the switch 34. The capacitor 32 is provided between the
inverting input terminal of the operational amplifier 31 and
an output terminal of the operational amplifier 31. The
switch 33 is provided in parallel with the capacitor 32
between the inverting input terminal of the operational
amplifier 31 and the output terminal of the operational
amplifier 31. The switches 33 to 35 respectively turn on
when switch control signals CLK1, CLK2, and CLK2B are
at a high level. The switch control signal CLK2B is an
inverted signal of the switch control signal CLK2.

[0089] FIG. 3 is a diagram illustrating details of a part of
the data line drive/current measurement circuit 14. As illus-
trated in FIG. 3, m output/measurement circuits 30 are
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respectively provided for m data lines S1 to Sm. The data
lines S1 to Sm are grouped into (m/p) groups each including
p data lines. The signal conversion circuit 40 includes (m/p)
selectors 41, (m/p) offset circuits 42, and (m/p) A/D con-
verters 43. One selector 41, one offset circuit 42, and one
A/D converter 43 are provided for each data line group. At
a location upstream of each selector 41, p output/measure-
ment circuits 30 are provided. At a location downstream of
the (m/p) A/D converters 43, a drive/measurement signal
generation circuit 17 is provided.

[0090] The selector 41 is connected to output terminals of
p output/measurement circuits 30 (output terminals of the
operational amplifiers 31). The selector 41 selects one
analog signal from output signals output from p output/
measurement circuits 30. The offset circuit 42 adds a par-
ticular offset to the analog signal selected by the selector 41.
The A/D converter 43 converts the analog signal output from
the offset circuit 42 to a digital value. The drive/measure-
ment signal generation circuit 17 temporarily stores the
digital values determined by the (m/p) A/D converters 43.
Each selector 41 sequentially selects output signals of p
operational amplifiers 31. When the selector 41 has com-
pleted the selection p times, a total of m digital values are
stored in the drive/measurement signal generation circuit 17.
The drive/measurement signal generation circuit 17 outputs
monitor signal MS including m digital values to the display
control circuit 12.

[0091] To correct the image signal VS1 thereby obtaining
the image signal VS2, the data line drive/current measure-
ment circuit 14 measures four kinds of currents for each
pixel circuit 20. More specifically, to determine the charac-
teristic of the transistor 21 in each pixel circuit 20, the data
line drive/current measurement circuit 14 measures a current
Im1 that flows out of the pixel circuit 20 when a first
measurement voltage Vm1 is written in the pixel circuit 20
and a current Im2 that flows out of the pixel circuit 20 when
a second measurement voltage Vm2 (>Vm1) is written in the
pixel circuit 20. Furthermore, to determine the characteristic
of the organic EL element 24 in each pixel circuit 20, the
data line drive/current measurement circuit 14 measures a
current Im3 that flows into the pixel circuit 20 when a third
measurement voltage Vm3 is written in the pixel circuit 20
and a current Im4 that flows into the pixel circuit 20 when
a fourth measurement voltage Vm4 (>Vm3) is written in the
pixel circuit 20. Hereinafter, an operation in which the
currents Im1 and Im2 are measured is referred to as an
“operation of detecting the driving transistor characteristic”
while an operation in which the currents Im3 and Im4 are
measured is referred to as an “operation of detecting the
organic EL element”.

[0092] The scanning line drive circuit 13 and the data line
drive/current measurement circuit 14 perform a writing
process on one row of pixel circuits 20 and a process of
measuring one or four kinds of currents Im1 to Im4 for the
one pixel circuits 20. The scanning line drive circuit 13 and
the data line drive/current measurement circuit 14 may
perform the current measurement when displaying is not
performed or may perform the current measurement when
displaying is being performed. An example of a method of
performing the current measuring when displaying is being
performed is to provide one or more long line periods longer
than a normal line period in one frame period and measure
currents of one row of pixel circuits in the one or more long
line periods. Another example of a method is to measure
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currents of one or more rows of pixel circuits in a vertical
blanking period in one frame period. In the following
description, an explanation is given for a case where currents
are measured for one row of pixel circuits in a vertical
blanking period.

[0093] FIG. 4 is a timing chart associated with an opera-
tion of detecting the driving transistor characteristic. FIG. 5
is a timing chart associated with an operation of detecting
the organic EL element characteristic. In FIG. 4 and FIG. 5,
a period t0 is a selection period in which writing in pixel
circuits 20 in an (i-1)th row is performed. Periods t1 to t6
are selection periods in which current measurement is pet-
formed for pixel circuits 20 in an ith row. The selection
periods in which the current measurement is performed
include a reset period t1, a reference voltage writing period
2, a measurement voltage writing period t3, a current
measurement period t4, an A/D conversion period 5, and a
data voltage writing period t6. Hereinafter, signals on scan-
ning lines GAi and GBi are denoted as scanning signals GAi
and GB4, and a voltage of an output signal output from a D/A
converter corresponding to a data line Sj is denoted by DV].

[0094] Before the period t1, the scanning signals GAi and
GBI and the switch control signals CLK2B are at the low
level, while the switch control signals CLK1 and CLK2 are
at the high level. During the period t0, a scanning signal
GAi-1 (not illustrated) is at the high level, a scanning signal
GBi-1 (not illustrated) is at the low level, and the voltage
DVj is equal to a data voltage Vdata(i-1, j) to be written into
a pixel circuit 20 in an (i-1)th row and in a jth column.

[0095] In a period t1, the scanning signals GAi and GBi
are at the high level, and the voltage DVj is equal to a
precharge voltage Vpc. The precharge voltage Vpe is deter-
mined such that the transistor 21 turns off. In particular, it is
preferable to determine the precharge voltage Vpc to be as
high as possible within a range in which the driving tran-
sistor (the transistor 21) and the organic EL element 24 both
turn off. In the period t1, in the pixel circuits 20 in the ith
row, the transistors 22 and 23 turn on, and the precharge
voltage Vpc is applied to the gate terminal and the source
terminal of the transistor 21 and also to the anode terminal
of the organic EL element 24. As a result, the transistor 21
and the organic EL element 24 in the pixel circuit 20 in the
ith row are initialized.

[0096] For example, in a case where the transistor 21 is
formed using oxide semiconductor such as InGaZnO (In-
dium Gallium Zinc Oxide), there is a possibility that the
transistor 21 has a hysteresis characteristic. In such a situ-
ation, if the transistor 21 is used without being initialized,
there is a possibility that a current measurement result varies
depending on an immediately previous display state. By
providing the reset period t1 at the beginning in the selection
period in the current measurement and initializing the tran-
sistor 21 in the reset period tl, it is possible to prevent an
occurrence of a variation in the current measurement result
due to the hysteresis characteristic. Note that the organic EL
element 24 does not have a hysteresis characteristic, and
thus it is not necessary to provide a reset period t1 in the
operation of detecting the organic EL element characteristic.
On the other hand, in a case in which currents are measured
not when displaying is being performed but currents are
measured in a situation in which displaying is not performed
immediately after power is turned on or when displaying is
disabled, it is allowed not to provide the reset period.
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[0097] In the period t2, the scanning signal GAi is at the
high level, the scanning signal GBi is at the low level, and
the voltage DV]j is equal to the reference voltage (which is
set to Vref_TFT in the operation of detecting the driving
transistor characteristic, and to Vref_OLED in the operation
of detecting the organic EL element characteristic). In the
period 12, in the pixel circuit 20 in the ith row and the jth
column, the transistor 22 turns on, the transistor 23 turn off,
and the gate terminal of the transistor 21 is applied with the
reference voltage Vref TFT or Vref OLED. The reference
voltage Vref TFT is determined to be a high voltage such
that the transistor 21 turns on in the periods t3 and t4. The
reference voltage Vref OLED is determined to be a low
voltage such that the transistor 21 turns off in the periods t3
and 4.

[0098] In the period 3, the scanning signal GAi is at the
low level, the scanning signal GBi is at the high level, and
the voltage DVj is given by one of the first to fourth
measurement voltages Vml to Vm4. In FIG. 4, Vm_TFT
denotes one of the first and second measurement voltages
Vml and Vm2, while in FIG. 5, Vm_OLED denotes one of
the third and fourth measurement voltages Vm3 and Vmd. In
the period t3, in the pixel circuit 20 in the ith row and the jth
column, the transistor 22 turn off, the transistor 23 turn on,
and the anode terminal of the organic EL element 24 is
applied with one of the first to fourth measurement voltages
Vml to Vmd. During the operation of detecting the driving
transistor characteristic, the transistor 21 turns on, and a
current flows from a power supply line or a power supply
electrode with a high-level power supply voltage ELVDD
into the transistor 21 and then into the transistor 23 and, after
passing through the transistors 21 and 23, into the data line
Sj. During the operation of detecting the organic EL element
characteristic, the transistor 21 turn off, and a current flows
from the data line Sj into the transistor 23 and then into the
organic EL element 24, and after passing through the tran-
sistor 23 and the organic EL element 24, into a power supply
line or a power supply electrode with a low-level power
supply voltage ELVSS. At a certain time after the start of the
period t3, the data line Sj has been charged to a particular
voltage level, and the magnitude of the current flowing out
from the pixel circuit 20 into the data line Sj or the
magnitude of the current flowing from the data line Sj into
the pixel circuit 20) reaches a constant value.

[0099] Note that in the operation of detecting the driving
transistor characteristic, if a source potential of the transistor
21 in the period t2 is low, this results in a large gate-to-
source voltage of the transistor 21 at the beginning of the
period t3, which causes a large current to flow through the
transistor 21 and thus the organic EL element 24 emits light.
Such light emission can be prevented, by determining the
precharge voltage Vpc applied in the period t1 to be as high
as possible within a range in which the driving transistor and
the organic EL element 24 both turn off, as described above.

[0100] In the period t4, the scanning signals GAi and GBi
and the voltage DVj maintain the same levels as those in the
period t3, and the switch control signal CLK1 changes to the
low level. In this period t4, the switch 33 turns off, and the
output terminal and the inverting input terminal of the
operational amplifier 31 are connected to each other via the
capacitor 32. In this state, the operational amplifier 31 and
the capacitor 32 function as an integrating amplifier. The
output voltage of the operational amplifier 31 at the end of
the period t4 is determined by the amount of a current

Aug. 16,2018

flowing through the pixel circuit 20 in the ith row and in the
jth column and the data line Sj, the capacitance of the
capacitor 32, and the length of the period t4.

[0101] In the period t5, the scanning signals GAi and GBi
and the switch control signals CLK1 and CLK2 are at the
low level, and the switch control signal CLK2B changes to
the high level, while the voltage DV] maintains the same
level as that in the periods t3 and t4. In the period t5, in the
pixel circuit 20 in the ith row and in the jth column, the
transistors 22 and 23 turn off. Furthermore, the switch 34
turns off and the switch 35 turns on, and thus the data line
Sj is electrically disconnected from the non-inverting input
terminal of the operational amplifier 31, and the data line Sj
is applied with a voltage V0. The electrical disconnection of
the non-inverting input terminal of the operational amplifier
31 from the data line Sj causes the output voltage of the
operational amplifier 31 to become constant. In the period
t5, the offset circuit 42 corresponding to a group including
the data line Sj adds an offset to the output voltage of the
operational amplifier 31, and the A/D converter 43 corre-
sponding to this group converts an analog signal, obtained as
a result of the addition of the offset, to a digital value (see
FIG. 3).

[0102] In the period t6, the scanning signal GAi is at the
high level, the scanning signal GBi is at the low level, and
the voltage DVj is given by the data voltage Vdata(i, j) to be
written into the pixel circuit 20 in the ith row and the jth
column. In this period t6, in the pixel circuit 20 in the ith row
and the jth column, the transistor 22 turns on, and the gate
terminal of the transistor 21 is applied with the data voltage
Vdata(i, j). When the scanning signal GAi changes to the
low level at the end of the period t6, the transistor 22 in the
pixel circuit 20 in the ith row and the jth column turns off.
After this, in the pixel circuit 20 in the ith row and the jth
column, the gate voltage of the transistor 21 is maintained at
Vdata(i, j) by the operation of the capacitor 25.

[0103] The correction unit 16 performs a process of deter-
mining the characteristics of the transistor 21 and the organic
EL element 24 based on the measured four kinds of currents
Im1 to Im4, and corrects the image signal VS1 based on the
determined two kinds of characteristics. More specifically,
the correction unit 16 determines the threshold voltage and
the gain, as the characteristics, of the transistor 21 based on
the two kinds of currents Im1 and Im2. The threshold
voltage of the transistor 21 is written into the TFT offset
storage unit 154, and the gain of the transistor 21 is written
into the TFT gain storage unit 156. Furthermore, the cor-
rection unit 16 determines the threshold voltage and the
gain, as the characteristics, of the organic EL element 24
based on the two kinds of currents Im3 and Im4. The
threshold voltage of the organic EL element 24 is written
into the OLED offset storage unit 15¢, and the gain of the
organic EL element 24 is written into the OLED gain storage
unit 154. The correction unit 16 reads out the threshold
voltages and the gains from the correction data storage unit
15 and corrects the image signal VS1 using the threshold
voltages and the gains.

[0104] Hereinafter, the gate-to-source voltage of the tran-
sistor 21 obtained when the first and second measurement
voltages Vml and Vm?2 are written into the pixel circuit 20
are respectively denoted by Vgsml and Vgsm2, and the
anode-to-cathode voltage of the organic EL element 24
obtained when the third and fourth measurement voltages
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Vm3 and Vmd are written into the pixel circuit 20 are
respectively denoted by Vom3 and Vom4.

[0105] When the correction unit 16 receives the monitor
signal MS including the currents Im1 and Im2, the correc-
tion unit 16 determines the threshold voltage Vth;., and a
gain Pppp of the transistor 21 by performing operations
shown in formulae (1a) and (1b) on the voltages Vgsm1 and
Vgsm2 and the currents Im1 and Im2.

[Math. 1]
Vil VegsmlV Im2 - Vgsm2y Iml (la)
TFT = —
Vim2 -viml
i -l | (1b)
TN =~

(Vgsm2 — Vgsml )?

The threshold voltage Vith ., is written into the TFT offset
storage unit 154, and the gain f;x, is written into the TFT
gain storage unit 155.

[0106] When the correction unit 16 receives the monitor
signal MS including the currents Im3 and Im4, the correc-
tion unit 16 determines the threshold voltage Vth,, ., and a
gain Poyzp of the organic EL element 24 by performing
operations shown in formulae (2a) and (2b) on the voltages
Vom3 and Vom4 and the currents Im3 and Im4.

[Math. 2]
Vil Vom3K\/ Imd — Vom4’§ Im3 (22)
LED = -
K\/ Imd — KV Im3
(2b)

(Vi =Nz '

Powrn = < omd

In formulae (2a) and (2b), K is a constant in a range from 2
(inclusive) to 3 (inclusive). The threshold voltage Vth,, .
is written into the OLED offset storage unit 15¢, and the gain
Borep 18 written into the OLED gain storage unit 154.

[0107] FIG. 6 is a flow chart illustrating the correction
process on the image signal VS1. The correction unit 16
corrects a code value CV0 included in the image signal VS1
by using the threshold voltage Vthyy, of the transistor 21,
the gain f,, of the transistor 21, the threshold voltage
Vthy; =y, of the organic EL element 24, and the gain Py zp
of the organic EL element 24. Note that the threshold
voltages Vthyyr and Vth,; zp and gains Prep and Posep
used in the process described below are read out from the
correction data storage unit 15.

[0108] First, the correction unit 16 performs a process of
correcting the luminous efficiency of the organic EL element
24 (step S101). More specifically, the correction unit 16
determines the corrected code value CV1 by performing an
operation described in formula (3).

CV1=CVOxy 3)

Note that in formula (3), y denotes a luminous efficiency
correction factor determined for each pixel circuit 20. A
greater value is given to the luminous efficiency correction
factor y for a pixel having greater degradation in the lumi-

Aug. 16,2018

nous efficiency of the organic EL element 24. Note that y
may also be determined by a calculation.

[0109] Next, the correction unit 16 converts the corrected
code value CV1 to a voltage value Vdatal ;. indicating the
gate-to-source voltage of the transistor 21 and a voltage
value Vdatal,, 5, indicating the anode-to-cathode voltage
of the organic EL element 24 (step S102). The conversion in
step S102 is performed, for example, by a method in which
a table prepared in advance is referred to or by a method in
which an operation using an operational unit is performed.
[0110] Next, the correction unit 16 determines the cor-
rected voltage value Vdata2 ;.- by performing a calculation
on the voltage value Vdatal;x; according to formula (4)
shown below (step S103).

Vdata2 rpr=Vdatal rpxB rprt+ Vth g 4

Note that B, included in formula (4) is given by formula
(5) shown below where 0, denotes an initial value of the
gain of the transistor 21.

BTFT:‘/(ﬁOTFZ/ﬁZFT) (5)

[0111] Next, the correction unit 16 determines the cor-
rected voltage value Vdata2; ., by performing an opera-
tion on the voltage value Vdatal; z,, according to formula
(6) shown below (step S104).

Vdata2p;zp=Vdatal oy zpXBorept Vihor ep (6)

Note that B ; -, included in formula (6) is given by formula
(7) shown below where B0, ., denotes an initial value of
the gain of the organic EL element 24.

Borer=(BOoren/Poren) vE M

[0112] Next, the correction unit 16 adds the corrected
voltage value Vdata2,, determined in step S103 and the
corrected voltage value Vdata2 ; ., determined in step
S104 according to formula (8) shown below. As a result, a
voltage value Vdata indicating a voltage applied to the gate
terminal of the transistor 21 is obtained (step S105).

Vdata=V2data ;- +V2data; 2 3

[0113] Finally, the correction unit 16 converts the voltage
value Vdata to an output code value CV (step S106). The
conversion in step S106 is performed in a similar manner to
the conversion in step S102.

[0114] Hereinafter, in the output/measurement circuit 30
and the signal conversion circuit 40, a part that determines
one digital value based on a current flowing through one data
line is referred to as a channel. The data line drive/current
measurement circuit 14 includes m channels corresponding
to the respective m data lines S1 to Sm.

[0115] FIG. 7 is a diagram illustrating a configuration of
the data line drive/current measurement circuit 14 and
illustrating a manner in which the display unit 11 is divided
into areas. As illustrated in FIG. 7, the data line drive/current
measurement circuit 14 includes N semiconductor chips 50
(where N is an integer equal to or greater than 2). The m
channels included in the data line drive/current measurement
circuit 14 are distributed among the N semiconductor chips
50. The N semiconductor chips 50 are arranged along one
side (a lower side in the case in FIG. 7) of the display unit
11. The display unit 11 are divided into N areas correspond-
ing to the respective N semiconductor chips 50. Hereinafter,
the respective N semiconductor chips 50 are referred to as
Ist, 2nd, . . ., and Nth semiconductor chips as seen from left
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to right, and the N areas are referred to 1st, 2nd, . . . , and
Nth areas as seen from left to right.

[0116] In the display apparatus 10, there is a possibility
that a variation occurs in the capacitance of the capacitor 32
in the output/measurement circuit 30. In a case where the
capacitance of the capacitor 32 has a variation, if the image
signal VS1 is corrected without taking into account the
variation, a difference in luminance may occur at a boundary
between areas, and thus it is difficult to achieve high image
quality in displaying. The variation of the capacitance is
large among the capacitors 32 included in the same semi-
conductor chip 50, but the variation is large among capaci-
tors 32 included in different semiconductor chips 50. In view
of the above, in the display apparatus 10, the variation of the
capacitance of the capacitor 32 among the semiconductor
chips 50 is compensated for by a method described below.
[0117] FIG. 8 is a diagram illustrating details of one
semiconductor chip 50. As illustrated in FIG. 8, the semi-
conductor chip 50 includes (m/N) output/measurement cit-
cuits 30, two calibration output/measurement circuits 51 and
52, and two external terminals 53 and 54. The (m/N)
output/measurement circuits 30 are respectively connected
to (m/N) data lines, and measure currents flowing through
pixel circuits 20 in a corresponding area in the display unit
11. For example, the (m/N) output/measurement circuits 30
included in the 1st semiconductor chip 50 are respectively
connected to data lines S1 to Sm/N, and measures currents
flowing through pixel circuits 20 in the 1st area.

[0118] The calibration output/measurement circuits 51 and
52 are the same in circuit configuration as the output/
measurement circuit 30. The external terminal 53 is disposed
on one end (a left-hand end in the case illustrated in the
figure) of the semiconductor chip 50 and is connected to the
calibration output/measurement circuit 51. The external ter-
minal 54 is disposed on the other end (a right-hand end in the
case illustrated in the figure) of the semiconductor chip 50
and is connected to the calibration output/measurement
circuit 52. A signal conversion circuit 40 is also provided at
a location downstream of each of the calibration output/
measurement circuits 51 and 52. The calibration output/
measurement circuits 51 and 52 and the signal conversion
circuit 40 form two channels.

[0119] The display apparatus 10 includes (N-1) measure-
ment target circuits for the N semiconductor chips 50. As
described below, one measurement target circuit is provided
for each two adjacent semiconductor chips 50. By compar-
ing a result of measurement performed by one of the two
adjacent semiconductor chips 50 for a current flowing
through a measurement target circuit with a result of mea-
surement performed by the other one of the two adjacent
semiconductor chips 50 for a current flowing through the
measurement target circuit, it is possible to obtain inter-chip
correction data indicating a variation of the characteristic of
the element between the semiconductor chips 50. Further-
more, by correcting the image signal VS1 using the obtained
inter-chip correction data, it is possible to compensate for
the variation of the characteristic of the element among the
semiconductor chips 50 thereby achieving high image qual-
ity in displaying.

[0120] FIG. 9 is a circuit diagram of the measurement
target circuit. As illustrated in FIG. 9, an N-channel tran-
sistor 55 is provided as a measurement target circuit for each
two adjacent semiconductor chips 50. For example, a st
transistor 55 is provided for Ist and 2nd semiconductor
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chips 50, and a 2nd transistor 55 is provided for 2nd and 3rd
semiconductor chips 50. Hereinafter, a semiconductor chip
50 with a smaller number of each two adjacent semicon-
ductor chips 50 is referred to as a “left-hand semiconductor
chip” and a semiconductor chip 50 with a greater number is
referred to as a “right-hand semiconductor chip”.

[0121] Two switches 56 and 57 are provided for each
transistor 55. A source terminal (a terminal on the upper side
in the case in FIG. 9) of the transistor 55 is grounded. A drain
terminal of the transistor 55 is connected to one terminal (a
terminal on the upper side in the case in FIG. 9) of each of
the switches 56 and 57. A gate terminal of the transistor 55
is applied with a control signal CX. The other terminal of the
switch 56 is connected to an external terminal 54 of the
left-hand semiconductor chip 50. The other terminal of the
switch 57 is connected to an external terminal 53 of the
right-hand semiconductor chip 50.

[0122] Before operating the display apparatus 10, a cur-
rent flowing through the transistor 55 is measured according
to a procedure described below. First, the control signal CX
is controlled to a particular level (a level that causes the
transistor 55 to turn on), and the switch 56 is controlled to
be in the on-state and the switch 57 is controlled to be in the
off-state. In this situation, a current flows through the
external terminal 54 of the left-hand semiconductor chip 50,
the switch 56, and the transistor 55. The calibration output/
measurement circuit 52 of the left-hand semiconductor chip
50 measures the current flowing in this situation. Next, while
maintaining the control signal CX at the particular level, the
switch 56 is controlled to be in the off-state and the switch
57 is controlled to be in the on-state. In this situation, a
current flows through the external terminal 53 of the right-
hand semiconductor chip 50, the switch 57, and the transis-
tor 55. The calibration output/measurement circuit 51 of the
right-hand semiconductor chip 50 measures the current
flowing in this situation.

[0123] A result of current measurement performed by the
calibration output/measurement circuits 51 and 52 is sup-
plied from the data line drive/current measurement circuit 14
to the correction unit 16 in the display control circuit 12. The
correction unit 16 determines, based on the current mea-
surement result, the inter-chip correction data indicating the
variation of the capacitance of the capacitor 32 among the
semiconductor chip 50. The correction unit 16 writes the
determined inter-chip correction data into the inter-chip
correction data storage unit 15¢ in the correction data
storage unit 15. When the correction unit 16 corrects the
image signal VS1, correction unit 16 compensates for the
variation of the capacitance of the capacitor 32 among the
semiconductor chip 50 based on the inter-chip correction
data stored in the inter-chip correction data storage unit 15e.
As a result, it is possible to achieve high image quality in
displaying.

[0124] Here, let it be assumed that the capacitance is equal
for all capacitors 32 within one semiconductor chip 50. The
calibration output/measurement circuit 52 of the left-hand
semiconductor chip 50 and the calibration output/measure-
ment circuit 51 of the right-hand semiconductor chip 50
measure currents flowing through the same transistor 55.
Therefore, in a case where the capacitance of the capacitor
32 is equal for both the left-hand semiconductor chip 50 and
the right-hand semiconductor chip 50, the result of the
current measurement performed by the calibration output/
measurement circuit 52 of the left-hand semiconductor chip
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50 is equal to the result of the current measurement pet-
formed by the calibration output/measurement circuit 51 of
the right-hand semiconductor chip 50. In a case where there
is a difference between the two current measurement results,
it is possible to determine, based on this difference, a
difference between the capacitance of the capacitor 32 in the
left-hand semiconductor chip 50 and the capacitance of the
capacitor 32 in the right-hand semiconductor chip 50. By
performing the process described above on the N semicon-
ductor chips 50, it is possible to determine inter-chip cor-
rection data indicating the variation of the capacitance of the
capacitor 32 among the semiconductor chips 50.

[0125] As described above, the display apparatus 10
according to the present embodiment includes the display
unit 11 includes the plurality of scanning lines GA1 to GAn
and GB1 to GBn, the plurality of data lines S1 to Sm, and
the plurality of pixel circuits 20 arranged in the two-
dimensional form, the scanning line drive circuit 13 config-
ured to drive the scanning lines GAl to GAn and GBI to
GBn, the data line drive circuit (a part of the data line
drive/current measurement circuit 14) configured to drive
the data lines S1 to Sm, the measurement circuit (the other
part of the data line drive/current measurement circuit 14)
including the plurality of measurement units (m channels)
and configured to measure the current of the pixel circuit 20,
the correction unit 16 configured to correct the image signal
VS1 supplied to the data line drive circuit based on the
current measured by the measurement circuit, and the stor-
age unit (the correction data storage unit 15) configured to
store the data used in correcting the image signal VS1. The
plurality of measurement units are distributed among the
plurality of semiconductor chips 50. The storage unit stores
the inter-chip correction data indicating the variation of the
characteristic of the element (the capacitance of the capaci-
tor 32) in the measurement unit among the semiconductor
chips 50. By storing the inter-chip correction data indicating
the variation of the characteristic of the element in the
measurement unit among the semiconductor chips 50 and
correcting the image signal VS1 using the stored inter-chip
correction data, it is possible to compensate for the variation
of the characteristic of the element among the semiconduc-
tor chips 50 thereby achieving high image quality in dis-
playing.

[0126] The inter-chip correction data is data based on the
result of the current measurements performed, for the same
measurement target circuit (the transistor 55), by the mea-
surement units (the channels including the calibration out-
put/measurement circuits 51 and 52) included in different
semiconductor chips 50. The semiconductor chips 50 are
arranged in a one-dimensional form, and the display appa-
ratus 10 includes one measurement target circuit for two
semiconductor chips. By measuring currents for measure-
ment target circuits, it is possible to determine the inter-chip
correction data.

[0127] The pixel circuit 20 includes the electro-optic ele-
ment (the organic EL element 24), the driving transistor (the
transistor 21) connected in series to the electro-optic ele-
ment, the write control transistor (the transistor 22) includ-
ing the first conduction terminal connected to the data line
Sj, the second conduction terminal connected to the control
terminal (the gate terminal) of the driving transistor, and the
control terminal connected to the first scanning line GAi of
the scanning lines, and the read control transistor (the
transistor 23) including the first conduction terminal con-
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nected to the data line Sj, the second conduction terminal
connected to the connection node between the driving
transistor and the electro-optic element, and the control
terminal connected to the second scanning line GBi of the
scanning lines. Thus, in the display apparatus including the
pixel circuits each including the electro-optic element, the
driving transistor, the write control transistor, and the read
control transistor, it is possible to compensate for the varia-
tion of the characteristic of the element among semiconduc-
tor chips 50 thereby achieving high image quality in dis-
playing.

[0128] The storage unit stores the threshold voltages and
the gains of the electro-optic element and the driving tran-
sistor for each pixel circuit 20. The correction unit 16
determines the threshold voltages and the gains to be stored
based on the currents measured by the measurement circuit,
and corrects the image signal VS1 based on the threshold
voltages and the gains stored in the storage unit. Thus, by
determining the threshold voltages and the gains of the
electro-optic element and the driving transistor based on the
result of the current measurements and correcting the image
signal VS1 using these threshold voltages and the gains, it is
possible to compensate for the variations or change of the
characteristics of the electro-optic element and the driving
transistor thereby achieving displaying with high image
quality.

Second Embodiment

[0129] According to a second embodiment of the present
invention, a display apparatus has the same configuration of
that of the display apparatus according to the first embodi-
ment and operates in a similar manner to the display
apparatus according to the first embodiment (see FIGS. 1 to
6 and descriptions thereof). However, in the display appa-
ratus according to the present embodiment, inter-chip cor-
rection data indicating a variation of capacitance of the
capacitor 32 among the semiconductor chips 50 is deter-
mined by a method different from that used in the display
apparatus according to the first embodiment. In the display
apparatus according to the present embodiment, a cathode
current of the organic EL element 24 is measured for each
semiconductor chip 50. In the following description of
embodiments, constituent elements similar to those in pre-
vious embodiments are denoted by similar reference sym-
bols, and a further explanation thereof is omitted.

[0130] FIG. 10 is a diagram illustrating a method of
measuring the cathode current of the organic EL element 24.
As illustrated in FIG. 10, the display unit 11 includes a
common cathode 61 connected to cathode terminals (not
illustrated) of organic EL elements 24 in all pixel circuits 20.
Before operating the display apparatus 10, a current detector
62 is connected to the common cathode 61 and a process
illustrated in FIG. 11 is performed thereby determining
inter-chip correction data.

[0131] FIG. 11 is a flow chart illustrating the process of
determining the inter-chip correction data in the display
apparatus according to the present embodiment. First, the
display apparatus displays white over the entire screen area
and determines the characteristics of the driving transistor
and the organic EL element 24 for each pixel circuit 20 (step
S201). In step S201, the scanning line drive circuit 13
supplies a selection voltage sequentially to the scanning
lines GA1 to GAn. The data line drive/current measurement
circuit 14 applies a voltage corresponding to maximum



US 2018/0233081 A1

luminance to the data lines S1 to Sm. The correction unit 16
determines the threshold voltage and the gain of the tran-
sistor 21 and the threshold voltage and the gain of the
organic EL element 24 for each pixel circuit 20.

[0132] Next, the display apparatus displays white in a 1st
area and measures a cathode current IC1 of the organic EL
element 24 flowing in this state (step S202). In step S202,
the scanning line drive circuit 13 applies a selection voltage
sequentially to the scanning lines GA1l to GAn. A Ist
semiconductor chip 50 included in the data line drive/current
measurement circuit 14 applies a voltage corresponding to
maximum luminance to (m/N) data lines. The other (N-1)
semiconductor chips 50 respectively apply voltages corre-
sponding to minimum luminance to (m/N) data lines. Using
the current detector 62, a cathode current IC1 of the organic
EL element 24 flowing in this state is measured. Next, the
display apparatus sets a variable k to 2 (step S203).

[0133] Next, the display apparatus displays white in a kth
area and measures a cathode current ICk of the organic EL
element 24 flowing in this state (step S204). In step S204,
the scanning line drive circuit 13 supplies a selection voltage
sequentially to the scanning lines GA1 to GAn. A kth
semiconductor chip 50 included in the data line drive/current
measurement circuit 14 applies a voltage corresponding to
maximum luminance to (m/N) data lines. The other (N-1)
semiconductor chips 50 respectively apply voltages corre-
sponding to minimum luminance to (m/N) data lines. Using
the current detector 62, a cathode current ICk of the organic
EL element 24 flowing in this state is measured.

[0134] Next, the display apparatus determines the differ-
ence between the cathode current IC1 measured in step S202
and the cathode current ICk measured in step S204, and
writes data corresponding to the determined difference into
the inter-chip correction data storage unit 15¢ in the correc-
tion data storage unit 15 (step S205).

[0135] Next, the display apparatus determines whether k is
smaller than N (step S206). In a case where the determina-
tion result in step S206 is Yes, the display apparatus adds 1
to the variable k (step S207), and proceeds to step S204. In
a case where the determination result in step S206 is No, the
display apparatus end the process.

[0136] In the display apparatus according to the present
embodiment, the process illustrated in FIG. 11 may be
performed once after the production of the display apparatus
is completed. In the display apparatus according to the
present embodiment, in the correction data storage unit 15,
at least the inter-chip correction data storage unit 15e is
formed by a non-volatile memory.

[0137] In the display apparatus according to the present
embodiment, as with the display apparatus 10 according to
the first embodiment, it is possible to compensate for the
variation of the capacitance of the capacitor 32 among the
semiconductor chips 50 thereby achieving high image qual-
ity in displaying.

[0138] Note that in the present embodiment, the display
apparatus determines the inter-chip correction data based on
the difference between the cathode current IC1 and the
cathode current ICk. Alternatively, the display apparatus
may determine the inter-chip correction data based on the
difference between a cathode current ICq measured for a qth
semiconductor chip 50 and the cathode current ICk where q
is an arbitrary integer in a range from 2 (inclusive) to N
(inclusive).
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[0139] As described above, in the display apparatus
according to the present embodiment, the pixel circuit 20
includes the electro-optic element (the organic EL element
24) including the common cathode 61. The inter-chip cor-
rection data is data based on a result of measurement of the
current flowing through the common cathode 61 for each
semiconductor chip 50. In particular, the inter-chip correc-
tion data is data based a result of measurement performed
such that the display unit 11 is divided into a plurality of
areas corresponding to the semiconductor chips 50, and the
areas are controlled to be sequentially in a light emission
state, and the current flowing through the common cathode
61 is measured. By measuring the current flowing through
the common cathode 61, it is possible to determine the
inter-chip correction data. By storing the determined inter-
chip correction data and correcting the image signal VS1
using the stored inter-chip correction data, it is possible to
compensate for the variation of the characteristic of the
element among the semiconductor chips 50 thereby achiev-
ing high image quality in displaying.

Third Embodiment

[0140] FIG. 12 a block diagram illustrating a configuration
of a display apparatus according to a third embodiment of
the present invention. The display apparatus 70 illustrated in
FIG. 12 is different in configuration from the display appa-
ratus 10 (FIG. 1) according to the first embodiment in that
the display control circuit 12 and the correction data storage
unit 15 are respectively replaced by a display control circuit
72 and a correction data storage unit 75. The display control
circuit 72 includes a correction unit 76 instead of the
correction unit 16. The correction data storage unit 75
includes an inter-channel correction data storage unit 75/'in
addition to elements of the correction data storage unit 15.
The display apparatus 70 measures a zero-current for each
channel and determines inter-channel correction data indi-
cating a variation of capacitance of the capacitor 32 among
the channels.

[0141] FIG. 13 is a diagram illustrating a channel included
in the data line drive/current measurement circuit 14 and an
offset voltage of the channel. As illustrated in FIG. 13, the
channel includes one output/measurement circuit 30 and one
signal conversion circuit 40. Hereinafter, an offset voltage of
the output/measurement circuit 30 is denoted by AVbuf, and
an offset voltage of the signal conversion circuit 40 is
denoted by AVamp.

[0142] Before operating the display apparatus 70, the
zero-current is measured according to a procedure described
below. The display control circuit 72 outputs zero-current
measurement command, as control signals CS1 and CS2, to
the scanning line drive circuit 13 and the data line drive/
current measurement circuit 14. When the scanning line
drive circuit 13 receives the zero-current measurement com-
mand, the scanning line drive circuit 13 applies a non-select
voltage (at the low level in this case) to the scanning lines
GAl to GAn and GB1 to GBn. When the data line drive/
current measurement circuit 14 receives the zero-current
measurement command, the data line drive/current measure-
ment circuit 14 applies a zero-voltage to the data lines S1 to
Sm by using m output/measurement circuits 30. The (m/p)
selectors 41 included in the data line drive/current measure-
ment circuit 14 sequentially select output signals of the p
operational amplifier 31. When the selectors 41 have com-
pleted the selection p times, a total of m digital values
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(hereinafter, referred to as zero-current values) are stored in
the drive/measurement signal generation circuit 17. The
drive/measurement signal generation circuit 17 outputs
monitor signals MS including m zero-current values to the
display control circuit 72.

[0143] The m zero-current values are supplied from the
data line drive/current measurement circuit 14 to the cor-
rection unit 76 in the display control circuit 72. The correc-
tion unit 76 determines m offset voltages (AVbuf+AVamp)
based on the m zero-current values, and writes the deter-
mined offset voltage, as inter-channel correction data, into
the inter-channel correction data storage unit 75f. When the
correction unit 76 corrects the image signal VS1, the cor-
rection unit 76 performs a process, based on the inter-chip
correction data stored in the inter-chip correction data stor-
age unit 15, to compensate for the variation of the charac-
teristic of the element among the semiconductor chips 50,
and the correction unit 76 also performs a process, based on
the inter-channel correction data stored in the inter-channel
correction data storage unit 75f, to compensate for the
variation of the characteristic of the element among the
channels.

[0144] As described above with reference to FIG. 4, in the
operation of detecting the driving transistor characteristic,
the gate terminal of the transistor 21 is applied with the
reference voltage Vref TFT, and the source terminal of the
transistor 21 is applied with the measurement voltage
Vm_TFT (one of the first and second measurement voltages
Vml and Vm2). When the offset voltage AVbuf of the
output/measurement circuit 30 is taken into account, the
voltage applied to the gate terminal of the transistor 21 is
given by (Vre_{TFT+AVbuf), and the voltage applied to the
source terminal of the transistor 21 is given by (Vm_TFT+
AVbuf). In the operation of detecting the driving transistor
characteristic, a current flows through the transistor 21
depending on the gate-to-source voltage. Therefore, in the
operation of detecting the driving transistor characteristic, a
current flows depending on the voltage {(Vref TFT+
AVbul)-(Vm_TFT+AVbuf) }=(Vref TFT-Vm_TFT). The
current which flows in this situation does not depend on the
offset voltage AVbuf of the output/measurement circuit 30.
[0145] Furthermore, as described above with reference to
FIG. 5, in the operation of detecting the organic EL element
characteristic, the anode terminal of the organic EL element
24 (the source terminal of the transistor 21) is applied with
the measurement voltage Vm_OLED (one of the third and
fourth measurement voltages Vm3 and Vmd). When the
offset voltage AVbuf of the output/measurement circuit 30 is
taken into account, the voltage applied to the anode terminal
of the organic EL element 24 is given by (Vm_OLED+
AVbuf). The cathode terminal of the organic EL element 24
is applied with a constant voltage equal to the low-level
power supply voltage ELVSS. In the operation of detecting
the organic EL element characteristic, a current flows
through the organic EL element 24 depending on the anode-
to-cathode voltage. Therefore, in the operation of detecting
the organic EL element characteristic, a current flows
depending on the voltage (Vm_OLED+AVbuf). The current
which flows in this situation depends on the offset voltage
AVbuf of the output/measurement circuit 30.

[0146] In the operation of detecting the driving transistor
characteristic and also in the operation of detecting the
organic EL element characteristic, the offset voltage
(AVbuf+AVamp) is added to the output signal of the signal

Aug. 16,2018

conversion circuit 40. Based on the inter-channel correction
data stored in the inter-channel correction data storage unit
75f, the correction unit 76 cancels out the offset voltage
(AVbuf+AVamp) included in the output signal of the signal
conversion circuit 40. Thus, the correction unit 76 is capable
of determining the true current value in the operation of
detecting the driving transistor characteristic. In the opera-
tion of detecting the organic EL element characteristic, the
correction unit 76 determines a current value which is
greater than the true current value by an amount correspond-
ing to the AVbuf.

[0147] Based on the true current value determined in the
operation of detecting the driving transistor characteristic,
the correction unit 76 determines the true value of the
threshold voltage of the driving transistor. The determined
threshold voltage of the driving transistor is stored in the
TFT offset storage unit 15a¢. Based on the current value,
determined in the operation of detecting the organic EL
element characteristic, which is greater than the true value
by the amount corresponding to the AVbuf, the correction
unit 76 determines a voltage, as a threshold voltage of the
organic EL element, which is smaller than the true value by
AVbuf. The determined threshold value of the organic EL
element is stored in the OLED offset storage unit 15¢.
[0148] The correction unit 76 performs the correction
process illustrated in FIG. 6 as with the correction unit 16
according to the first embodiment. In step S103, the correc-
tion unit 76 determines a corrected voltage value Vdata2 .,
based on the true value of the threshold voltage of the
driving transistor. In step S104, based on the threshold
voltage of the organic EL element smaller than the true value
by AVbuf, the correction unit 76 determines a corrected
voltage value Vdata2,, .., smaller by AVbuf than a value
determined without taking into account the offset voltage. In
step S105, the correction unit 76 adds the corrected voltage
value Vdata2,,, determined in step S103 and the corrected
voltage value Vdata2; ., determined in step S104. There-
fore, the output code value CV determined in step S106 is
smaller, by an amount corresponding to AVbuf, than a value
determined without taking into account the offset voltage.
[0149] The output/measurement circuit 30 has an offset
voltage of AVbuf, and thus when the data line Sj is driven
based on the output code value CV, the data line Sj is applied
with a voltage equal to the voltage corresponding to the
output code value CV (the voltage smaller by AVbuf than a
value determined without taking into account the offset
voltage) plus AVbuf. Therefore, AVbuf is cancelled out in
the voltage applied to the data line S;j.

[0150] As described above, in the display apparatus 70
according to the present embodiment, the storage unit (cor-
rection data storage unit 75) stores the inter-channel correc-
tion data indicating the variation of the element in the
measurement unit among the measurement units (channels).
By storing the inter-channel correction data and correcting
the image signal VS1 using the stored inter-channel correc-
tion data, it is possible to compensate for the variation of the
characteristic of the element among the measurement units
thereby achieving still higher image quality in displaying.
The inter-channel correction data is data based on the result
of measuring the zero-current by using the correction unit.
By measuring the zero-current for each channel, it is pos-
sible to determine the inter-channel correction data.

[0151] In the above description, it is assumed that the
display apparatus 70 according to the third embodiment is
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configured based on the display apparatus 10 according to
the first embodiment. Alternatively, the display apparatus
may be configured based on the display apparatus according
to the second embodiment. In this alternative display appa-
ratus, it is possible to achieve effects similar to those
achieved by the display apparatus according to the third
embodiment.

Fourth Embodiment

[0152] In the first to third embodiments described above,
the display apparatus includes a current measurement circuit
configured to measure a current of a pixel circuit. In a fourth
embodiment described below, the display apparatus includes
a voltage measurement circuit configured to measure a
voltage of a pixel circuit.

[0153] FIG. 14 is a block diagram illustrating a configu-
ration of the display apparatus according to the fourth
embodiment of the present invention. The display apparatus
80 illustrated in FIG. 14 has a configuration obtained by
modifying the configuration of the display apparatus 10
(FIG. 1) according to the first embodiment such that the
display control circuit 12 and the data line drive/current
measurement circuit 14 are respectively replaced by a dis-
play control circuit 82 and a data line drive/voltage mea-
surement circuit (a circuit functioning as both a data line
drive circuit and voltage measurement circuit) 84. The
display control circuit 82 includes a correction unit 86
instead of the correction unit 16. The data line drive/voltage
measurement circuit 84 includes a drive/measurement signal
generation circuit 17, a signal conversion circuit 40, and m
output/measurement circuits 91.

[0154] FIG. 15 is a diagram illustrating a configuration of
the pixel circuit 20 and the output/measurement circuit 91.
In FIG. 15, a pixel circuit 20 located in an ith row and a jth
column and an output/measurement circuit 91 correspond-
ing to a data line Sj are shown. Hereinafter, a node at which
the source terminal of the transistor 21 and the anode
terminal of the organic EL element 24 are connected to each
other is referred to as N1.

[0155] The output/measurement circuit 91 includes a volt-
age generation circuit 92, a current source 93, a voltage
measurement circuit 94, and a switch 95, One end of the
switch 95 is connected to the data line Sj. The switch 95
switches the connection state according to a switch control
signal SC between a state in which the data line Sj is
connected to the voltage generation circuit 92 and a state in
which the data line Sj is connected to the current source 93
and the voltage measurement circuit 94.

[0156] The voltage generation circuit 92 outputs a data
voltage or a reference voltage according to digital data
output from the signal conversion circuit 40. In the state in
which the data line Sj is connected to the voltage generation
circuit 92, the data voltage or the reference voltage output
from the voltage generation circuit 92 is applied to the data
line Sj. In the state in which the data line Sj is connected to
the current source 93 and the voltage measurement circuit
94, the current source 93 provides a particular current
flowing into the data line Sj, and the voltage measurement
circuit 94 measure a voltage on the data line Sj in this state.
[0157] To obtain the image signal VS2 by correcting the
image signal VS1, the data line drive/voltage measurement
circuit 84 measures four kinds of voltages for each pixel
circuit 20. More specifically, to determine the characteristic
of the transistor 21 in each pixel circuit 20, the data line
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drive/voltage measurement circuit 84 measures a voltage
Vnl at the node N1 in a state in which a reference voltage
is written into the pixel circuit 20 such that the transistor 21
turns on, and a first measurement current Inl is passed into
the pixel circuit 20 from the current source 93, and the data
line drive/voltage measurement circuit 84 measures a volt-
age Vn2 at the node N1 in a state in which a voltage is
written into the pixel circuit 20 such that the transistor 21
and a second measurement current Inl (>In1) is passed into
the pixel circuit 20 from the current source 93. Furthermore,
to determine the characteristic of the organic EL element 24
in each pixel circuit 20, the data line drive/voltage measure-
ment circuit 84 measures a voltage Vn3 at the node N1 in a
state in which a voltage is written into the pixel circuit 20
such that the transistor 21 turns off and a third measurement
current In3 is passed into the current source 93 from the
pixel circuit 20, and the data line drive/voltage measurement
circuit 84 measures a voltage Vn4 at the node N1 in a state
in which a voltage is written into the pixel circuit 20 such
that the transistor 21 turns off and a fourth measurement
current In4 (>In3) is passed into the current source 93 from
the pixel circuit 20.

[0158] The scanning line drive circuit 13 and the data line
drive/voltage measurement circuit 84 perform writing into
one row of pixel circuits 20 and measure one of the four
kinds of voltages Vnl to Vnd for one row of pixel circuits
20. For example, the scanning line drive circuit 13 and the
data line drive/voltage measurement circuit 84 may perform
the process such that in four successive frame periods,
voltages Vnl to Vn4 are measured for pixel circuits 20 in an
ith row in an ith line period in respective first to fourth frame
periods, and writing into one row of pixel circuits 20 is
performed in the other line periods.

[0159] The correction unit 86 performs a process of deter-
mining the characteristic of the transistor 21 and the organic
EL element 24 based on the measured four kinds of voltages
Vnl to Vnd, and corrects the image signal VS1 based on the
determined two kinds of characteristics. More specifically,
the correction unit 86 determines the threshold voltage and
the gain of the transistor 21 as the characteristics thereof
based on the two kinds of voltages Vnl and Vn2, and
determines the threshold voltage and the gain of the organic
EL element 24 as the characteristics thereof based on the two
kinds of voltages Vn3 and Vnd. The correction unit 86
writes the determined threshold voltages and gains into the
correction data storage unit 15 and corrects the image signal
VS1 using the threshold voltages and gains read out from the
correction data storage unit 15.

[0160] As with the first embodiment, the data line drive/
voltage measurement circuit 84 is configured using N semi-
conductor chips. In the data line drive/voltage measurement
circuit, m channels (each of which is a part configured to
determine one digital value based on a voltage on one data
line) are distributed among the N semiconductor chips. The
display apparatus 80 determines inter-chip correction data
using the method described in the first embodiment or the
method described in the second embodiment. The deter-
mined inter-chip correction data is stored in the inter-chip
correction data storage unit 15e of the correction data
storage unit 15. The correction unit 86 compensates for the
variation of the capacitance of the capacitor 32 among the
semiconductor chips 50 based on the inter-chip correction
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data stored in the inter-chip correction data storage unit 15e.
As a result, it is possible to achieve high image quality in
displaying.

[0161] As described above, in the display apparatus 80
according to the present embodiment, the measurement
circuit (the other part of the data line drive/voltage mea-
surement circuit 84) includes a plurality of measurement
units (m channels) and measure voltages of the pixel circuits
20. Also in the display apparatus 80 according to the present
embodiment, the inter-chip correction data indicating the
variation of the characteristic of the element in the measure-
ment unit among the semiconductor chips is stored, and the
image signal VS1 is corrected using the stored inter-chip
correction data, and thereby it is possible to compensate for
the variation of the characteristic of the element among
semiconductor chips, which makes it possible to achieve
high image quality in displaying.

[0162] In the display apparatuses according to the respec-
tive embodiments described above, it is assumed that each
display apparatus includes pixel circuits 20. However, the
display apparatus according to the present invention may
include another pixel circuit. Furthermore, the display appa-
ratuses according to the respective embodiments described
above each include the output/measurement circuit 30 or the
output/measurement circuit 91. However, the display appa-
ratus according to the present invention may include another
output/measurement circuit. Note that features of the display
apparatuses according to the respective embodiments
described above and modifications thereof may be arbitrarily
combined as long as no conflicts occur to realize a display
apparatus having a plurality of features of the embodiments
and the modifications.

[0163] The transistors included in the display apparatus
described above may be an oxide semiconductor transistor
including an oxide semiconductor film. The oxide semicon-
ductor film may include, for example, at least one of the
following metal elements: In (indium); Ga (gallium); and Zn
(zinc). In particular, the oxide semiconductor film may
include an In—Ga—Zn—O based semiconductor. The In—
Ga—7n—0 based semiconductor is a ternary oxide of In,
Ga, and Zn. There is no particular restriction on the ratio
(composition ratio) among In, Ga, and Zn. For example, the
ratio may be In:Ga:Zn=2:2:1, In:Ga:Zn=1:1:1, In:Ga:Zn=1:
1:2, etc. Such an oxide semiconductor film may be formed
from an oxide semiconductor film including an In—Ga—
Zn—O0 based semiconductor. Note that a channel etch type
TFT having an active layer including an In—Ga—7Zn—0
based semiconductor is also called “CE-InGaZnO-TFT”.
The In—Ga—7Zn—O0 based semiconductor may be amor-
phous or crystalline. A preferable example of a crystalline
In—Ga—7n—0 based on semiconductor is a crystalline
In—Ga—7n—O based on semiconductor whose ¢ axis is
oriented substantially perpendicular to a layer plane.

INDUSTRIAL APPLICABILITY

[0164] The display apparatus according to the present
invention has a feature that it is possible to compensate for
a variation of a characteristic of an element among semi-
conductor chips or among measurement units and thus it is
possible to achieve high image quality in displaying. The
display apparatus according to the present invention can be
used in a wide variety of display apparatuses such as an
organic EL display apparatus.
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REFERENCE SIGNS LIST

[0165] 10, 70, 80 display apparatus

[0166] 11 display unit

[0167] 12, 72, 82 display control circuit

[0168] 13 scanning line drive circuit

[0169] 14 data line drive/current measurement circuit
[0170] 15, 75 correction data storage unit

[0171] 16, 76, 86 correction unit

[0172] 17 drive/measurement signal generation circuit
[0173] 20 pixel circuit

[0174] 21 transistor (driving transistor)

[0175] 22 transistor (write control transistor)

[0176] 23 transistor (read control transistor)

[0177] 24 organic EL element (electro-optic element)
[0178] 25, 32 capacitor

[0179] 30, 91 output/measurement circuit

[0180] 31 operational amplifier

[0181] 33 to 35, 56 to 57, 95 switch

[0182] 40 signal conversion circuit

[0183] 41 selector

[0184] 42 offset circuit

[0185] 43 A/D converter

[0186] 50 semiconductor chip

[0187] 51, 52 calibration output/measurement circuit
[0188] 53, 54 external terminal

[0189] 55 transistor (measurement target circuit)
[0190] 61 cathode

[0191] 62 current detector

[0192] 84 data line drive/voltage measurement circuit
[0193] 92 voltage generation circuit

[0194] 93 current source

[0195] 94 voltage measurement circuit

[0196] GAIl to GAn, GBI to GBn scanning line
[0197] S1 to Sm data line

1. An active matrix display apparatus comprising:

a display unit including a plurality of scanning lines, a
plurality of data lines, and a plurality of pixel circuits
arranged in a two-dimensional form;

a scanning line drive circuit configured to drive the
scanning lines;

a data line drive circuit configured to drive the data lines;

a measurement circuit including a plurality of measure-
ment units and configured to measure currents or
voltages of the pixel circuits;

a correction unit configured to correct, based on the
currents or the voltages measured by the measurement
circuit, an image signal to be supplied to the data line
drive circuit; and

a storage unit configured to store data used in correcting
the image signal;

the plurality of measurement units being disposed in a
plurality of semiconductor chips such that the plurality
of measurement units are distributed among the plu-
rality of semiconductor chips,

the storage unit being configured to store inter-chip cor-
rection data indicating a variation in terms of a char-
acteristic of an element in the measurement unit among
the semiconductor chips.

2. The display apparatus according to claim 1, wherein the
inter-chip correction data is data based on a result of a
measurement of a current or a voltage, the measurement
being performed for the same measurement target circuit
using measurement units disposed in different semiconduc-
tor chips.
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3. The display apparatus according to claim 2, wherein the
semiconductor chips are arranged in a one-dimensional
form, and

the measurement target circuit is further provided for two

adjacent semiconductor chips.

4. The display apparatus according to claim 2, wherein the
number of measurement target circuits is smaller by one than
the number of semiconductor chips.

5. The display apparatus according to claim 1, wherein

the pixel circuits each include an electro-optic element

including a common cathode, and

the inter-chip correction data is data based on a result of

measurement of a current flowing through the common
cathode for each semiconductor chip.

6. The display apparatus according to claim 5, wherein the
inter-chip correction data is data based on a result of a
measurement of a current flowing through the common
cathode, the measurement being performed for each of a
plurality of areas into which the display unit is divided such
that the areas correspond to the respective semiconductor
chips, the measurement being performed while controlling
light emission to sequentially occur from one area to another
in the display unit.

7. The display apparatus according to claim 1, wherein the
storage unit further stores inter-channel correction data
indicating a variation in terms of a characteristic of an
element included in one measurement unit among the mea-
surement units.

8. The display apparatus according to claim 7, wherein the
inter-channel correction data is data based on a result of
measuring a zero-current by using the correction unit.

9. The display apparatus according to claim 1, wherein the
pixel circuit includes an electro-optic element and a driving
transistor connected in series to the electro-optic element.

10. The display apparatus according to claim 9, wherein

the storage unit further stores threshold voltages and gains

of the electro-optic element and the driving transistor
for each pixel circuit, and

the correction unit determines, based on the currents or

the voltages measured by the measurement circuit, the
threshold voltages and the gains to be stored in the
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storage unit and corrects the image signal based on the
threshold voltages and the gains stored in the storage
unit.

11. The display apparatus according to claim 10, wherein
the pixel circuit further includes

a write control transistor including a first conduction

terminal connected to the data line, a second conduc-
tion terminal of a control terminal of the driving
transistor, and a control terminal connected to a first
scanning lines of the scanning lines, and

a read control transistor including a first conduction

terminal connected to the data line, a second conduc-
tion terminal connected to a connection node between
the driving transistor and the electro-optic element, and
a control terminal connected to a second scanning line
of the scanning lines.

12. A method of driving a display apparatus, the display
apparatus being an active matrix display apparatus including
a display unit including a plurality of scanning lines, a
plurality of data lines, and a plurality of pixel circuits
arranged in a two-dimensional form, the method compris-
ing:

driving the scanning lines;

driving the data lines;

measuring currents or voltages of the pixel circuits by

using a plurality of measurement units;

correcting, based on the measured currents or voltages, an

image signal used to drive the data lines; and storing
data used in correcting the image signal,

the plurality of measurement units being disposed in a

plurality of semiconductor chips such that the plurality
of measurement units are distributed among the plu-
rality of semiconductor chips,

in the storing, inter-chip correction data indicating a

variation of a characteristic of an element in the mea-
surement unit among the semiconductor chips is stored.

13. The method of the display apparatus according to
claim 12, wherein in the storing, inter-channel correction
data indicating a variation of a characteristic of an element
in the measurement unit among the measurement units is
further stored.
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