wo 2011/059867 A1 | I I} OAT 0O 0O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
19 May 2011 (19.05.2011)

(10) International Publication Number

WO 2011/059867 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

International Patent Classification:
G09G 3/00 (2006.01)

International Application Number:
PCT/US2010/055368

International Filing Date:

4 November 2010 (04.11.2010)
Filing Language: English
Publication Language: English
Priority Data:
2009-257527 10 November 2009 (10.11.2009) JP

Applicant (for all designated States except US): GLOB-
AL OLED TECHNOLOGY LLC [US/US]; 1209 Or-
ange Street, Wilmington, DE 19801 (US).

Inventors; and

Inventors/Applicants (for US only): MAEKAWA,
Yuichi [JP/JP]; KDX Ochanomizu-Building 2-9, Kanda-
Surugadai, Chiyoda-Ku, Tokyo, 101-0062 (JP). MIWA,

74

62y

84)

Koichi [JP/JP]; KDX Ochanomizu-Building 2-9, Kanda-
Surugadai, Chiyoda-Ku, Tokyo, 101-0062 (JP).

Agent: JUNG, Song, K.; McKemna Long & Aldridge
LLP, 1900 K Street NW, Washington, DC 20006-1108
(US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, 8G, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

[Continued on next page]

(54) Title: PIXEL CIRCUIT, DISPLAY DEVICE, AND INSPECTION METHOD

SR2

FIG. 1A
| > |
DTCO DTC1 DTC2 DTC3 DTCm DTCm+1
DSRO
Rk e [ T1ea | [ e |[] em
RSRO
skt | T LTI LTI [ [vefeo
[{B
10 on 1.2 03 (1,m) 1
I IR il i} e
DSR2n
@0 | enn| e | e |17 em g,[‘h
RSRn
|DSR2ns | I | ] | [ Vet
R | G e

— DSRO

FIG. 1B

DR

DTCO

DTC1||DTC2 DTC3

DSR1

DSR2n

2
m
m

AR

RSRO

1.2

SR2

DSR2n+1

) EHHE
EE

@,

(2n.0; )

{2n1) (2n.2)

RSRn

2n+1,

. @,
2 3) m)

(2n+1,
[} )

(2n#1,
1

Vref 0

=
=N

o
Ef

[Continued on next page]



WO 2011/05986'7 A1 I 0000 AT 000 O A

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, Published:
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

—  with international search report (Art. 21(3))

(57) Abstract: Compensate for the variations of threshold voltage of a driving transistor. During the period of the reference signal
voltage Vref being set to the signal line DTC, voltage between the gate and source of the driving transistor IOC is made equal to
or greater than the threshold voltage of the driving transistor IOC, and the difference in voltage of the reference signal voltage
Vref and the reference power supply voltage VreCr is charged to the retentive capacitance IOB. At the same time, the voltage of
the source of the said driving transistor IOC is set to the reference power supply voltage VreCr to make the voltage applied to the
said light emitting elements equal to or lower than its threshold voltage. Subsequently, while maintaining the voltage applied to
the said light emitting elements IOE equal to or lower than its threshold voltage.
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Specifications

PIXEL CIRCUIT, DISPLAY DEVICE, AND INSPECTION METHOD
[Technical Field]
[0001]

The present invention relates to a pixel circuit which drives light emitting elements using a
driving transistor, a display device and an inspection method.
[Background Art]

[0002]

With a display device that uses current drive type light emitting elements, such as an organic EL
element (OLED), a driving transistor is normally arranged in a pixel circuit. A display is made by driving
the driving transistor based on display signals. However, because OLED is a current driving element,
variable output current of the driving transistor is directly connected to a deterioration of visual quality.
Therefore, a wide variety of proposals have been made to control variable driving current for example as
in patent reference 1.

[Prior Art References]
[Patent References]
[0003]

[Patent reference 1] Japanese unexamined patent application No. 2003-271095

[Patent reference 2] Japanese unexamined patent application No. 2004-191603
[General Description of the Invention]

[Problems to be solved by the Invention]

[0004]
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A switching transistor is used in the patent reference 1 to control the variation in the driving
current, and the source electrode of this switching transistor and the cathode electrode of the light
emitting elements are in common. Thus, the source electrode of the switching transistor becomes an open
status before the light emitting elements are formed and it is difficult to conduct an inspection in such
condition.

[0005]

To conduct an inspection of pixels before the light emitting elements are formed has been
proposed, for example, in patent reference 2. However, this patent reference 2 does not include a method
of controlling variations in the driving current, and it is impossible to prevent deterioration of display
quality as is.

[Means for Solving the Problems]
[0006]

A pixel circuit according to the present invention comprises a sampling transistor which is
connected to a signal line by one end and is turned on and off by the first scanning line; a driving
transistor with a gate being connected to the other end of the sampling transistor and with a drain being
connected to the first power supply; light emitting elements which are connected in between a source of
the driving transistor and the second power supply and is driven by the current applied to the said driving
transistor; a retentive capacitance connected in between the gate and source of the said driving transistor;
and a switching transistor which is arranged in between the source of the said driving transistor and a
reference potential line and turned on and off by the second scanning line. The said sampling transistor
and the said switching transistor are electrically connected during the period when a reference signal
voltage is set to the said signal line, the difference in voltage between a reference signal voltage and a
reference potential is charged to the said retentive capacitance under the condition of the voltage between
the gate and source of the said driving transistor being equal to or greater than the threshold voltage of the

said driving transistor, and the source voltage of the said driving transistor is set to the reference potential
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in order to make the voltage applied to the said light emitting elements equal to or lower than its threshold
voltage. Subsequently, while a reference signal voltage is set to the said signal line, the said sampling
transistor and the said switching transistor are electrically connected and by turning off the said switching
transistor, the voltage equivalent to the threshold voltage of the said driving transistor is retained by the
said retentive capacitance while maintaining the voltage applied to the said light emitting elements below
its threshold voltage, and the said sampling transistor is electrically connected to sample the said signal
voltage during the period when the display signal voltage is set to the said signal line to superimpose the
said signal voltage on the threshold voltage retained by the said retentive capacitance.

[0007]

Also the present invention is a display device having a plurality of pixels arranged in a matrix,
comprising a plurality of signal lines; a signal line driving circuit for driving the plurality of signal lines; a
plurality of the first scanning lines; the first scanning line driving circuit for driving this first scanning
lines; a plurality of the second scanning lines; the second scanning line driving circuit for driving this first
scanning lines; and a reference potential line for supplying reference potential, and each pixel with one
end being connected to the signal line comprises a sampling transistor, switched between being on and off
by a first scanning line; a driving transistor with a gate connected to the other end of the sampling
transistor and a drain connected to the first power supply; a light emitting element which is connected in
between the source of the driving transistor and a second power supply and driven by the current applied
to the said driving transistor; a retentive capacitance connected to between the gate and source of the said
driving transistor; and a switching transistor which is arranged between the source of the said driving
transistor and the reference potential line and being switched between being on and off by a second
scanning line. The said sampling transistor and the said switching transistor are electrically connected
during the period when a reference signal voltage is set to the said signal line, the difference in voltage
between a reference signal voltage and a reference potential is charged to the said retentive capacitance

under the condition of the voltage between the gate and source of the said driving transistor being equal to
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or greater than the threshold voltage of the said driving transistor, and the source voltage of the said
driving transistor is set to the reference potential in order to make the voltage applied to the said light
emitting elements equal to or lower than its threshold voltage. Subsequently, while a reference signal
voltage is set to the said signal line, the said sampling transistor and the said switching transistor are
electrically connected and by turning off the said switching transistor, the voltage equivalent to the
threshold voltage of the said driving transistor is retained by the said retentive capacitance while
maintaining the voltage applied to the said light emitting elements equal to or lower than its threshold
voltage, and the said sampling transistor is electrically connected to sample the said signal voltage during
the period when the display signal voltage is set to the said signal line to superimpose the said signal
voltage on the threshold voltage retained by the said retentive capacitance.
[0008]

Also, it is preferred that the said reference potential line is common for two rows of pixels and
arranged in the row direction per two rows of pixels.
[0009]

Also, it is preferred that the said reference potential line is common for two columns of pixels and
arranged in the column direction per two rows of pixels.
[0010]

It is preferred that the said reference potential lines are connected in a group outside of the
display area where the said pixels are arranged.
[0011]

It is preferred that a probe point which is connected to the said reference potential line is a probe
point which can be pointed by probe from outside at least before the said light emitting elements are
formed.

[0012]
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Also, it is preferred that the said second scanning line is common for two rows of pixels and
arranged in the column direction per 2 rows of pixels.
[0013]

Also, it is preferred that the current — voltage characteristic of the driving transistor is measured
before the said light emitting elements are formed, by connecting a probe to the reference potential line to
control the said sampling transistor and the on and off of the switching transistor to detect current which
flows out from the reference potential line
[Advantages of the Invention]

[0014]

According to the present invention, threshold voltage at which current starts to flow to the driving
transistor is corrected in a pixel circuit to make variations in the driving current small. Also, the cost
reduction can be realized by not sending defective products to the next step, because pixels can be
inspected before the said light emitting elements are formed.

[Brief Description of the Drawings]

[0015]

Fig. 1A is a block diagram of the present invention.

Fig. 1B is a block diagram of the present invention.

Fig. 2 is a pixel circuit of the present invention.

Fig. 3 is operation waves of the present invention.

Fig. 4A is an explanatory diagram of the present invention.
Fig. 4B is an explanatory diagram of the present invention.
Fig. 4C is an explanatory diagram of the present invention.
Fig. 4D is an explanatory diagram of the present invention.
Fig. 4F is an explanatory diagram of the present invention.

Fig. 4F is an explanatory diagram of the present invention.
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Fig. 4G is an explanatory diagram of the present invention.
Fig. 4H is an explanatory diagram of the present invention.
Fig. 4] is an explanatory diagram of the present invention.
Fig. 4K is an explanatory diagram of the present invention.
Fig. 5A is a block diagram of the present invention.

Fig. 5B is an explanatory diagram of the present invention.
[Mode for Carrying out the Invention]

[0016]

An embodiment of the present invention will be explained based on the figures below.
[0017]

A block diagram of the entire display device according to the embodiment is indicated in Fig. 1A.
As illustrated, pixels 10 are arranged in a matrix in a display area and a column direction signal line D'TC
for each column of pixels 10, the first scanning lines DSR corresponding to each row of pixels, the second
scanning lines RSR corresponding to two rows of pixels, and a reference potential line Vref_r are
arranged. Two of the first scanning lines DSR are arranged in between two rows of pixels and are
connected to both upper and lower sides of pixels respectively, while the second scanning lines PSR and
the reference potential line Vref _r are arranged between rows of pixels where there is no first scanning
line DSR arranged, and each are connected to upper and lower pixels.

[0018]

Also, a signal line driving circuit DR for controlling the column direction signal lines, a first
scanning line DSR in the row direction and a first scanning line driving circuit SRI for controlling the
same, and a second scanning line drive circuit SR2 for controlling a second scanning line RSR in the row
direction are arranged at the periphery of the display section in which pixels 10 are arranged. The second
scanning line RSR and the reference potential line Vref_r are commonly connected to the pixels of upper

and lower two rows.
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[0019]

Also, the reference potential line Vref_r may be in a line direction. In this case, the reference
potential line Vref_r is common for every two lines and connected to the pixels in left and right two lines.
The constitution of such is indicated in Fig. 1B. Hereinafter, the reference potential line Vref_r in the row
direction will be explained.

[0020]

The actual structure of a pixel circuit contained in the display device shown in Fig. 1 is shown in
Fig. 2. Since the second scanning lines DSR and the reference potential lines Vref_r are each shared by
two rows, 2 pixels are illustrated in this figure. As shown in Fig. 2, this pixel circuit comprises a light
emitting element 10E which emits light as a result of current flow, such as an OLED (organic EL.
element), a sampling transistor 10A, a driving transistor 10C, a switching transistors 10D, and a retentive
capacitance 10B. A gate of the sampling transistor 10A is connected to the first scanning lines DSR while
one end is connected to the column direction signal line DTC and the other end is connected to the gate of
the driving transistor 10C. The drain electrode of the driving transistor 10C is connected to the power
supply VCC and the source electrode is connected to the anode of a current drive type light emitting
elements 10E such as organic EL elements. The cathode of the light emitting elements 10E is connected
to a cathode power supply VEE. Also, a retentive capacitance 10B is connected in between the gate of the
driving transistor 10C and the source electrode. One end of a switching transistor 10D is connected in
between the drain of the driving transistor 10C and the anode of the light emitting elements 10E, and the
other end as well as the gate electrode are connected to the neighboring pixels of the switching transistor
10D by the other end and the gate electrode.

[0021]

In Fig. 2, the upper section is pixel 10, the lower section is pixel 11 and each element in the lower

pixel is given symbols 11A to 11E.

[0022]
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Also Fig. 2 is illustrated so as the first scanning line DSR is arranged within a column of a pixel
one by one and the number of lines arranged in column is indicated as 1, 3, ... but for arranging pixels,
the first scanning line DSR may be arranged by 2 lines in every other column of a pixel as in Fig. 1A, B
which is mentioned above.

[0023]

Fig. 3 indicates a timing chart. Figs. 4A to 4K illustrate operations of each step.
[0024]

Fig. 4A is a light emitting period, and the sampling transistors 10A, the switching transistor 1-D
are turned off, while the light emitting elements 10E, 11E emit light as a result of the current which is
supplied from the driving transistors 10C, 11E.

[0025]

Fig. 4B is a threshold detection period, and the sampling transistor 10A is made conductive by
making the signal line DTCm a reference potential Vref with the first scanning line DSR being H level.
By doing so, the voltage of the gate electrode of the driving transistor 10C becomes Vref. Meanwhile, the
voltage of the source electrode of the driving transistor 10C is made Vref_r by turing on the switching
transistor 10D with the second scanning line RSR being H level. The difference in voltage of Vref and
Vref_r is made greater than the threshold voltage of the driving transistor 10C and the voltages of the
source electrode of the driving transistor 10C is made equal to or lower than the threshold voltage
Vth_10E of the light emitting elements 10E. That is, it is set to satisfy the following equation: Vgs_10C =
Vref — Vref r> Vth_10C, VEE + Vth_10E > Vref r
[0026]

Consequently, although the driving transistor 10 is turned on, current is not applied to the light
emitting elements 10E. In the retentive capacitance 10B, Vgs — 10C is retained.

[0027]
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Fig. 4C is a sampling period for 2 x (n — 4)th column and 2 x (n — 3)th column. It is therefore
necessary to ensure that there is no impact on pixels of columns other than this. Thus, the sampling
transistors 10A and 11A are therefore made non-conductive.

[0028]

Fig. 4D is a threshold detection preparation period for pixels. The signal line DTCm is made the
reference potential Vref, and the gate electrodes of the driving transistors 10C and 11C are made Vref,
and so the sampling transistors 10A and 11A are made conductive. The switching transistors 10D, 11D
are made conductive to make the voltage of Vgs_10C, Vgs_11C between the gate electrode and source
electrode of the driving transistors 10C, 11C greater than the threshold voltage Vth_10C, Vth_11C and

also to make the light emitting elements 10E, 11E equal to or lower than the threshold voltage.

[0029]

This is expressed in the equations below:
Vgs_10C = Vref — Vref_r> Vth_10C......... 1
Vgs_11C =Vref — Vref r>Vth_11C............ 2
VEE + Vth_10E> Vref r..................o.. 3
VEE + Vth_11E> Vref r................oo. 4
[0030]

The second scanning line here is common per two lines, the pixel having address (2n, m) requires
a threshold detection period longer by 1H than the pixel having address (n + 1, m). Also in Fig. 3,
threshold detection period for the pixel having address (2n, m) is set to 1H, the pixel having address (2n +
1, m) is set to 2H, but the steps should be repeated until the conditions of equation 1 — 4 are met. The
retentive capacitance 10B and parasitic capacitance are discharged enough as to satisfy the above
equations.

[0031]
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Fig. 4D is a threshold detection period for pixels. The signal line DTCm is made the reference
potential Vref, and the gate electrodes of the driving transistors 10C and 11C are made Vref, and so the
sampling transistors 10A and 11A are made conductive. In order to detect threshold voltage of the driving
transistors 10C, 11C, the switching transistors 10D, 11D are therefore made non-conductive.
Consequently, the condition of the driving transistors 10C, 11C being on and no current flows in the light
emitting elements 10E, 11E is maintained and the voltage Vgs between the gate electrode and the source
electrode of the driving transistors 10C, 11C should be set to the threshold voltage of each transistor. The
difference in voltage of Vref and Vref_r is accumulated in the retentive capacitances 10B, 11B which
modifies towards the threshold voltage of each transistor.

[0032]

Fig. 4F is a sampling preparation period of five step F, 2 x (n — 3) + 1th column, 2 X (n — 2)th

column, 2 x (n — 2)+ 1th column, 2 x (n — 1)th column and 2 x (n — 1)+ 1th column. It is therefore

necessary to ensure that there is no impact on pixels of columns other than this. The sampling transistors
10A and 11A are therefore made non-conductive. In this period the voltage of the previous threshold
detection period is retained for each electrode.

[0033]

The steps of Fig. 4E and 4E are repeated until the voltage between the gate electrode and the
source electrode of the driving transistor Vgs becomes the threshold voltage Vth. In the figures, it is
repeated 5 times. At this time, the voltage Vs of the source electrode of the driving transistors 10C, 11C
are as below:

Vs_10C = Vref — Vth_10C....... 5
Vs_11C = Vref — Vth_11C......... 6
Therefore, Vth_10C, Vth_11C are retained in the retentive capacitances 10B, 11B respectively.

[0034]

10
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Also at this time, the voltage applied to the light emitting elements 10E, 11E must be less than the

threshold voltage Vth_10E, Vth_11E. That is, it must satisfy the following equations:

VEE + Vth_10E>VS_10C............. 7
VEE + Vth_11E > Vs_11C............. 8
[0035]

In regards to 2nth column, Vref must satisfy equation 9 which is obtained from equations 5 and 7,
and Vref_r must satisfy equation 1.

VEE + Vth_10E + Vth_10C > Vref...... 9
[0036]

Fig. 4G is a sampling period for sampling signal voltage Vsig0 by making the signal lines a
desired signal voltage VsigO and making the sampling transistor 10A conductive. The gate electrode
potential of the driving transistor 10C changes from Vref to Vsig0.

[037]

At this time, the source electrode of the driving transistor 10C becomes:

Vs_10C = Vref — Vth_10C + (Vsig0 — Vrefl) x Cap_10E / (Cap_10B + Cap_10E) + VEExCap_10B /
(Cap_10B + Cap_10E)

= {Cap_10BX (VEE + Vref + Cap_10ExVsig0} / (Cap_10B + Cap_10E) — Vth_10C

The voltage between the gate electrode and source electrode becomes:

Vgs_10C =Cap_10B / (Cap_10B + Cap_10E) (VsigO — VEE — Vref) + Vth_10C

[0038]

In Fig. 4H, the sampling transistors 10A, 11A are non-conductive, and therefore the potential of
the previous step is retained for each electrode.

[0039]
Fig. 4] is the final threshold detecting period of 2n + 1th column, and the sampling transistor 10A

is made non-conductive while 11A is conductive.

11
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[0040]

Fig. 4K is a sampling period for sampling signal voltage Vsigl by making the signal lines a
desired signal voltage Vsigl at the sampling transistor 11A. The gate electrode potential of the driving
transistor 11C changes from Vref to Vsigl.

[0041]

At this time, the source electrode of the driving transistor 11C becomes:

Vs_11C = Vref — Vth_11C + (Vsig0 — Vrefl) xCap_11E / (Cap_11B + Cap_11E) + VEExCap_11B /
(CAp_11B + Cap_11E)

The voltage between the gate electrode and source electrode becomes:

Vgs_11C =Cap_11B/(Cap_11B + Cap_11E) X (Vsig0 — VEE — Vref) + Vth_11E

[0042]

A characteristic formula for Ids of driving transistors is expressed by Ids=p / 2(Vgs — Vth)’. If
Vgs_10C and Vgs_11C are respectively input, it becomes:

IdsO =B/ 2{Cap_10B / (Cap_10B + Cap_10E) X (Vsig0 — VEE - Vref)}?
Ids1 =B/ 2{Cap_11B /(Cap_11B + Cap_11E) X (Vsigl — VEE - Vref)}?
The term Vth is corrected, and variations in drive current can be suppressed.
[0043]

Fig. 5A is an overall view of checking failures in transistors, driving transistors, and switching
transistors for sampling signal voltage before light emitting elements are formed. The reference potential
lines Vref_r is outside of display area and a certain number of lines are connected in a group. The number
of the reference potential lines Vref_r to be bound together is determined considering the number of
current measuring device, measuring time and S / N ratio. In the figure, Vref r_0 and Vref _r_n are bound
together. And to one end of the bound reference potential line Vref_r, a probe point for measuring is
created.

[0044]

12
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Fig. 5B indicates a pixel circuit of before light emitting elements 10E are formed and of when
checking failures in sampling transistors 10A, driving transistors 10C, and switching transistors 10D
which are for sampling signal voltage before light emitting elements are formed. That is, when the light
emitting elements 10E are formed, the source of the driving transistor 10C is connected to the anode of
the light emitting elements 10E, but this connection does not exist before the light emitting elements 10E
are formed.

[0045]

The sampling transistor 10A and the switching transistor 10D are made conductive and the signal
potential is given to the gate electrode of the driving transistor 10C from the signal line DTCm. At this
time, the current which flows between the drain electrode and source electrode of the driving transistor
10C is measured at the probe point connected to Vref_r to check failures. That is, the second scanning
line RSR is made H level and the first scanning line DSR is sequentially made H level. By doing so, the
sampling transistors 10A of corresponding pixel are turned on, the potential of the signal line DTC is
brought into a pixel, a current corresponding to the current is applied, and the current flowing from the
probe point to an external ground is measured using a measuring device to confirm operation of pixel
circuit.

[0046]

In particular, I'V characteristics including threshold voltage of the driving transistor 10C in one
pixel circuit can be detected.
[0047]

Also, by turning on the signal line D'TC one by one, inspections of pixel is conducted one by one,
but failures in elements can be detected when inspecting a group of pixels.

[0048]
Although a n-channel transistor is used in the embodiment above, p-channel transistor may be

used. When a p-channel transistor is used in the driving transistor 10C, the source electrode is arranged on

13
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the power supply VCC side and the light emitting elements 10# and the retentive capacitance 10B are also
arranged on the power supply VCC side.
[0049]

According to the embodiment of the present invention, threshold voltage at which current starts to
flow to the driving transistor is corrected in each pixel circuit to make variations in the driving current
small. Also, when inspection of pixel before light emitting elements are formed, that is, failures in
sampling transistors, driving transistors, and switching transistors can be checked before the light emitting
elements are formed. Consequently, by not sending failure products to the next step, cost reduction is
realized.

[Description of the Symbols]
[0050]
10, 11 pixels, 10A, 11A sampling transistors, 10B, 11B retentive capacitances, 10C, 11C driving

transistors, 10D, 11D switching transistors, 10E, 11E light emitting elements.

14
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Claims

[Claim 1]

A pixel circuit comprising a sampling transistor which is connected to a signal line by one end
and is turned on and off by the first scanning line;

a driving transistor with a gate being connected to the other end of the sampling transistor and
with a drain being connected to the first power supply;

light emitting elements which are connected in between a source of the driving transistor and the
second power supply and is driven by the current applied to the said driving transistor;

a retentive capacitance connected in between the gate and source of the said driving transistor;
and

a switching transistor which is arranged in between the source of the said driving transistor and a
reference potential line and turned on and off by the second scanning line. The said sampling transistor
and the said switching transistor are electrically connected during the period when a reference signal
voltage is set to the said signal line, the difference in voltage between a reference signal voltage and a
reference potential is charged to the said retentive capacitance under the condition of the voltage between
the gate and source of the said driving transistor being equal to or greater than the threshold voltage of the
said driving transistor, and the source voltage of the said driving transistor is set to the reference potential
in order to make the voltage applied to the said light emitting elements equal to or lower than its threshold
voltage. Subsequently, while a reference signal voltage is set to the said signal line, the said sampling
transistor and the said switching transistor are electrically connected and by turning off the said switching
transistor, the voltage equivalent to the threshold voltage of the said driving transistor is retained by the
said retentive capacitance while maintaining the voltage applied to the said light emitting elements equal
to or lower than its threshold voltage, and the said sampling transistor is electrically connected to sample
the said signal voltage during the period when the display signal voltage is set to the said signal line to

superimpose the said signal voltage on the threshold voltage retained by the said retentive capacitance.
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[Claim 2]

A display device having a plurality of pixels arranged in a matrix, comprising:

a plurality of signal lines;

a signal line driving circuit for driving the plurality of signal lines;

a plurality of the first scanning lines;

the first scanning line driving circuit for driving this first scanning lines;

a plurality of the second scanning lines;

the second scanning line driving circuit for driving this first scanning lines; and a reference
potential line for supplying reference potential, and

each pixel with one end being connected to the signal line comprises a sampling transistor,
switched between being on and off by a first scanning line;

a driving transistor with a gate connected to the other end of the sampling transistor and a drain
connected to the first power supply;

a light emitting element which is connected in between the source of the driving transistor and a
second power supply and driven by the current applied to the said driving transistor;

a retentive capacitance connected to between the gate and source of the said driving transistor;
and

a switching transistor which is arranged between the source of the said driving transistor and the
reference potential line and being switched between being on and off by a second scanning line. The said
sampling transistor and the said switching transistor are electrically connected during the period when a
reference signal voltage is set to the said signal line, the difference in voltage between a reference signal
voltage and a reference potential is charged to the said retentive capacitance under the condition of the
voltage between the gate and source of the said driving transistor being equal to or greater than the
threshold voltage of the said driving transistor, and the source voltage of the said driving transistor is set

to the reference potential in order to make the voltage applied to the said light emitting elements below its
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threshold voltage. Subsequently, while a reference signal voltage is set to the said signal line, the said
sampling transistor and the said switching transistor are electrically connected and by turning off the said
switching transistor, the voltage equivalent to the threshold voltage of the said driving transistor is
retained by the said retentive capacitance while maintaining the voltage applied to the said light emitting
elements below its threshold voltage, and the said sampling transistor is electrically connected to sample
the said signal voltage during the period when the display signal voltage is set to the said signal line to
superimpose the said signal voltage on the threshold voltage retained by the said retentive capacitance.
[Claim 3]

The display device according to claim 2, where in the said reference potential lines are common
for two rows of pixels and arranged in the row direction per two rows of pixels.
[Claim 4]

The display device according to claim 2, where in the said reference potential lines are common
for two columns of pixels and arranged in the column direction per two rows of pixels.
[Claim 5]

The display device according to any of claims 2 — 4, wherein the said reference potential lines are
connected in a group outside of the display area where the said pixels are arranged.
[Claim 6]

The display device according to claim 5 comprising a probe point which is connected to the said
reference potential line and which can be pointed by probe from outside at least before the said light
emitting elements are formed.

[Claim 7]

The display device according to claim 2, where in the said second scanning line is common to

two rows of pixels and arranged in the column direction per two rows of pixels.

[Claim 8]
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An inspection method of the display method according to claims — 7, wherein the current —
voltage characteristic of the driving transistor is measured before the said light emitting elements are
formed by connecting a probe to the reference potential line to control the said sampling transistor and the

on and off of the switching transistor to detect current which flows out from the reference potential line.
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