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DISPLAY APPARATUS AND ELECTRONIC
EQUIPMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This is a Continuation of application Ser. No.
14/175,512, filed Feb. 7, 2014, which claims priority to Japa-
nese Patent Application No. 2013-060194 filed on Mar. 22,
2013. The entire disclosures of the prior applications are
hereby incorporated herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to a display apparatus,

electronic equipment, and the like.

[0004] 2. Related Art

[0005] Display apparatuses using light-emitting elements
such as organic light-emitting diode (OLED) elements have a
problem in which a change in signals in a data line adversely
affects a pixel transistor, which leads to vertical crosstalk. In
the related art, a shield line is provided between a data line and
a pixel transistor inside a pixel (JP-A-2012-189828).

[0006] Itwas confirmed that the amplitude in the signal line
at a drain contact portion of a pixel transistor actually affects
the gate holding voltage at the drive transistor, which leads to
vertical crosstalk.

[0007] Inorder to prevent vertical crosstalk, an attempt has
been made to perform driving while reducing the voltage
amplitude in the data line, and examples of the method there-
for include the capacitance dividing method. However, it is
not easy to form a holding capacitor having a predetermined
area for each data line.

[0008] In recent years, for example, a driver including a
latch circuit can be installed in a display panel such as an
LCOS panel or an Si-OLED (organic light-emitting diode)
panel in which a liquid crystal layer is formed on a silicon
substrate. In this case, the latch circuit is formed in consider-
ation of a pixel pitch of display pixels formed in the display
panel. The reason for this is to make it easy to establish
interconnection, by arranging a latch element for latching
data thatis to be supplied to one pixel, within the width of that
pixel.

[0009] However, for example, in the case of a micro display
panel used for a display such as an electronic viewfinder
(EVF) or a head-mounted display (HMD), the pixel pitch is as
small as, for example, 2.5 um. Accordingly, it is actually
impossible to provide holding capacitors on the data lines
within the range of the pixel pitch.

SUMMARY

[0010] An advantage of some aspects of the invention is to
provide a display apparatus and electronic equipment in
which, even in the case of a display apparatus having a small
pixel pitch, holding capacitors connected to data lines can be
sufficiently ensured, so that the amplitude in the data lines can
be compressed and vertical crosstalk can be reduced.

[0011] (1) An aspectofthe invention is directed to a display
apparatus, including:

[0012] aplurality of pixel circuits that are arranged in a row
direction in a display panel and respectively connected 1o a
plurality of data lines extending in a column direction;
[0013] light-emitting elements that are respectively
arranged in the plurality of pixel circuits;
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[0014] first transistors that are respectively arranged in the
plurality of pixel circuits, and supply driving currents to the
light-emitting elements;

[0015] second transistors that are respectively arranged in
the plurality of pixel circuits, and turn on and off connection
between the data lines and the gates of the first transistors;
[0016] third transistors that are respectively arranged in the
plurality of pixel circuits, and turn on and off connection
between the gates and drains of the first transistors;

[0017] firstholding capacitors that are respectively inserted
and connected midway on the plurality of data lines, and shift
levels of driving voltages of the first transistors; and

[0018] holding capacitors that respectively hold potentials
of the plurality of data lines;

[0019] wherein N first holding capacitors (N is a plural
number) are arranged in the column direction, each of the first
holding capacitors having an electrode width that is smaller
than a total width of N pixel circuits arranged adjacent to each
other in the row direction, and that is equal to or larger than a
width of one pixel circuit.

[0020] With this aspect of the invention, the second and the
third transistors are provided in addition to the first transistor.
Thus, capacitance dividing drive is possible in which a volt-
age of the data line set to an initialization voltage in an
initialization period (the second and the third transistors are
off) is changed to a voltage corresponding to the threshold
voltage of the first transistor in a compensation period (the
second and the third transistors are on), and is further changed
to a voltage obtained by shifting by a value obtained by
dividing a change in the potential of the first holding capacitor
by a capacitance ratio between the holding capacitor and the
first holding capacitor in a write period (the second transistor
is on, and the third transistor is off). The N first holding
capacitors each having an electrode width that is smaller than
the total width of the N pixel circuits and that is equal to or
larger than the width of one pixel circuit have an increased
width but can have an accordingly reduced length in the
column direction. Thus, sufficient capacitance can be ensured
with a realistic size. Especially when a first holding capacitor
is disposed within the width of one pixel circuit, the area
occupied by margins of the capacitors adjacent to each other
in the row direction increases in order to form the first holding
capacitor, and the electrode width of the first holding capaci-
tor can hardly be ensured. This problem is solved by an aspect
of the invention in which the electrode width of the first
holding capacitor is set to be smaller than the total width of
the N pixel circuits and to be equal to or larger than the width
of one pixel.

[0021] (2) In this case, it is preferable that gradation volt-
ages are simultaneously written to the N first holding capaci-
tors via N data lines that are connected to the N first holding
capacitors.

[0022] Writing of gradation voltages to the N first holding
capacitors at different timings may cause crosstalk. That is to
say, a gradation voltage written to one of the N first holding
capacitors at a certain timing adversely affects voltages of the
data lines connected to the other first holding capacitors to
which gradation voltages have been already written. If the
writing is limited to simultaneous writing, such a problem
hardly occurs.

[0023] (3) In this case, it is preferable that the gradation
voltages simultaneously written are subpixel data signals
forming one dot of a color display.
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[0024] Typically, voltages are written to RGB pixels form-
ing one dot of a color display at different timings. However,
with this aspect of the invention, the simultaneous writing
makes it possible to reduce crosstalk due to capacitive cou-
pling.

[0025] (4) In this case, it is preferable that the N data lines
are arranged in the lower layer of the N first holding capaci-
tors.

[0026] Since the simultaneous writing solves the problem
of capacitive coupling, N data lines can be arranged in the
lower layer of the N first holding capacitors. Accordingly, a
space-saving design is realized.

[0027] (5) In this case, it is preferable that shield lines
having fixed potentials are arranged on both sides of each of
the N data lines in the lower layer of the N first holding
capacitors, when viewed from above.

[0028] Accordingly, the N data lines can be shielded from
external noise.
[0029] (6) In this case, it is preferable that a shield line

having a fixed potential is disposed between two groups of the
N first holding capacitors that are adjacent to each other in the
row direction.

[0030] Since voltages are not absolutely simultaneously
written to two groups of the N first holding capacitors that are
adjacentto eachother in the row direction, and, thus, crosstalk
can be prevented by isolation using the shield lines.

[0031] (7) In this case, it is preferable that the display
apparatus further includes second holding capacitors that are
connected via transfer gates to the first holding capacitors,
and N second holding capacitors are arranged in the column
direction, each of the second holding capacitors having an
electrode width that is smaller than a total width of the N pixel
circuits, and that is equal to or larger than a width of one pixel
circuit.

[0032] Since the transfer gate and the second holding
capacitor are further provided, a gradation voltage can be
supplied to and temporarily held by the second holding
capacitor before the write period (the period including the
initialization period and the compensation period). In the
write period, when the transfer gate is turned on, the potential
of the electrode of the first holding capacitor can be changed.
The second holding capacitor also can have an electrode
width that is smaller than the total width of the N pixel circuits
and that is equal to or larger than the width of one pixel circuit.
Accordingly, sufficient capacitance of the second holding
capacitor can be ensured with a realistic size, as in the case of
the first holding capacitor.

[0033] (8) In this case, it is preferable that initialization
switches for supplying initialization potentials to both elec-
trodes of the first holding capacitors, control signal lines for
controlling the initialization switches, and buffers arranged
midway on the control signal lines are arranged in the lower
layer of the N second holding capacitors.

[0034] With this aspect of the invention, interconnects and
constituent components necessary for driving the first and the
second holding capacitors and the data lines are arranged in
the lower layer of the N second holding capacitors. Thus, the
space can be saved.

[0035] (9) In this case, it is preferable that the buffers
include a first stage buffer, a second stage buffer, and a third
stage buffer, and
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[0036] the control signal lines include:

[0037] a first control signal line that extends in the row
direction from the first stage buffer disposed on one side
in the row direction to the lower layer of the N second
holding capacitors;

[0038] asecond control signal line that is connected via
the second stage buffer to the first control signal line and
extends from both ends in the row direction in the lower
layer of the N second holding capacitors;

[0039] third control signal lines that extend in the col-
umn direction from the second control signal line out-
side the lower layer of the N second holding capacitors;
and

[0040] fourth control signal lines that extend in the row
direction from the third control signal lines in the lower
layer of the N second holding capacitors;

[0041] wherein the third stage buffer is connected to the
fourth control signal lines.

[0042] Since the buffers are configured as having a plurality
of stages, the number of control signal lines that extend in the
column direction in the lower layer of the second holding
capacitors can be reduced to the extent possible, and, thus, a
change in the potential of the data lines is suppressed.
[0043] (10) In this case, it is preferable that the second
holding capacitor is formed by stacking a plurality of capaci-
tor elements in a height direction.

[0044] Sincea plurality of capacitor elements are stacked in
aheight direction, the area occupied by the holding capacitors
for ensuring a predetermined capacitance value 1s reduced,
and the space can be saved.

[0045] (11)Another aspect of the invention is directed to an
electronic equipment including the display apparatus accord-
ing to any one of the above-described aspects. Examples of
the electronic equipment include an electronic viewfinder
(EVF) and a head-mounted display (HMD).

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] Theinventionwill be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0047] FIG. 1isadiagram showing an example of a display
apparatus of the invention.

[0048] FIG. 2isa circuit diagram of the pixel circuit shown
in FIG. 1.
[0049] FIG. 3 is a circuit diagram showing part of the

demultiplexer circuit shown in FIG. 1.

[0050] FIG. 4 is a circuit diagram showing part of the level
shifting circuit shown in FIG. 1.

[0051] FIG. 5 is a circuit diagram showing part of another
level shifting circuit shown in FIG. 1.

[0052] FIG. 6 is a diagram showing a layout of the level
shifting blocks shown in FIG. 4 or 5.

[0053] FIG. 7 is a diagram showing shield lines between
first holding capacitors and between data lines in the lower
layer of the first holding capacitors.

[0054] FIG. 8 is a diagram illustrating the arrangement of
control signal lines for initialization switches in the lower
layer of the second holding capacitors.

[0055] FIGS.9A and 9B are views showing the first and the
second holding capacitors.

[0056] FIG. 10 is a view showing a digital still camera,
which is an example of electronic equipment.

[0057] FIG. 11 is an external view of a head-mounted dis-
play, which is another example of electronic equipment.
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[0058] FIG.12isaview showingadisplay apparatus and an
optical system of the head-mounted display.

DESCRIPTION OF EXEMPLARY
EMBODIMENT

[0059] The following describes in detail a preferred
embodiment of the invention. The embodiment set forth
herein is not intended to unduly limit the scope of the inven-
tion defined in the claims, and not all of the structural features
described in the embodiment are essential to the solution of
the invention.

[0060] 1. Display Apparatus (Electro-Optical Apparatus)
[0061] FIG. 1 shows a display apparatus (electro-optical
apparatus) 10 of this embodiment. The display apparatus 10 is
configured such that a scanning line drive circuit 20, a demul-
tiplexer 30, a level shifting circuit 40, a data line drive circuit
60, and a display portion 100 are formed on a semiconductor
substrate such as a silicon substrate 1.

[0062] In the display portion 100, a plurality of scanning
lines 12 are arranged in a row direction (horizontal direction),
and a plurality of data lines 14 are arranged in a column
direction (vertical direction) Y. A plurality of pixel circuits
110 each connected to one of the scanning lines 12 and one of
the data lines 14 are arranged in a matrix.

[0063] Inthis embodiment, three pixel circuits 110 succes-
sively arranged along one scanning line 12 respectively cor-
respond to R (red), G (green), and B (blue) pixels, and these
3 pixels represent one dot of a color image.

[0064] Hereinafter, an example ofthe pixel circuits 110 will
be described. As shown in FIG. 2, the pixel circuit 110 in an
i-throw includes P-type transistors 121 to 125, an OLED 130,
and a holding capacitor 132. A scanning signal Gwr(i) and
control signals Gel(i), Gemp(i), and Gorst(i) are supplied to
the pixel circuit 110.

[0065] Thedrive transistor (first transistor) 121 has a source
that is connected to a feeder line 116 and a drain that is
connected via the transistor 124 to the OLED 130, and con-
trols a current to the OLED 130. The second transistor 122 for
writing a data line potential (gradation potential) has a gate
that is connected to the scanning line 12, and a drain and a
source one of which is connected to the data line 14 and the
other of which is connected to the gate of the first transistor
121. The holding capacitor 132 is connected between the gate
line of the first transistor 121 and the feeder line 116, and
holds the voltage between the source and the gate of the first
transistor 121. A high potential Vel of the power source is fed
to the feeder line 116. The cathode of the OLED 130 is used
as a common electrode, and is set to a low potential Vet of the
power source.

[0066] Thethird transistor 123 has a gate that receives input
of the control signal Gemp(i), and causes a short-circuit
between the gate and the drain of the first transistor 121 in
response to the control signal Gemp(i), thereby compensating
for a variation in the threshold of the first transistor 121. The
light-emitting control transistor 124 of the OLED 130 has a
gate that receives input of the control signal Gel(i), and turns
on and off connection between the drain of the first transistor
121 and the anode of the OLED 130. The reset transistor 125
has a gate that receives input of the control signal Gorst(i),
and supplies a reset potential Vorst, which is a potential of a
feeder line 16, to the anode of the OLED 130 in response to
the control signal Gorst(i). The difference between the reset
potential Vorst and the common potential Vct is set to be lower
than the light-emitting threshold of the OLED 130.
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[0067] The scanning line drive circuit 20 shown in FIG. 1
supplies the scanning signal Gwr(i) to the scanning line 12 in
the i-th row. Holding capacitors 50 are formed by arranging a
dielectric between each data line 14 and each feeder line 16
extending in the column direction Y in FIG. 1. The level
shifting circuit 40 shifts the level of a gradation voltage input
from a digital-analog conversion circuit 64 to a gate voltage
for driving the transistor 121 in accordance with the data
signal (gradation level) supplied via the data line drive circuit
60 and the demultiplexer 30, and supplies the thus obtained
voltage to the data line 14. As a method for the level shifting,
it is conceivable to adopt the capacitance dividing method
using the holding capacitor 50 and a first holding capacitor 44
and a second holding capacitor 41 inside the level shifting
circuit 40. The capacitance dividing method will be described
later.

[0068] FIG. 3 shows an example of the demultiplexer 30.
FIG. 3 shows a demultiplexer block 31 that switches and
outputs the data potential in a time-division manner for each
of RGB, to M (e.g., M=18)x3 (RGB) pixels (3xM=54 pixels)
on one line (the i-th row) of the display portion 100 in FIG. 1.
Demultiplexer blocks 31 as shown in FIG. 3 are provided in
the number corresponding to (the total number of pixels in the
row direction X)/54. The data potentials for 18 R pixels are
input in a time-division manner from the data line drive circuit
60 to an input terminal VR(1) of the demultiplexer 30. In a
similar manner, the data potentials for 18 G pixels and 18 B
pixels are also input in a time-division manner from the data
line drive circuit 60 to input terminals VG(1) and VB(1).
Furthermore, 54 switches (transfer gates) 34 are provided
between the input terminals VR(1), VG(1), and VB(1) and the
54 data lines. The 54 switches 34 are sequentially turned on
three at a time in response to select signals SEL(1) to SEL
(18). That is to say, when the select signal SEL(1) is active, the
data potentials for 3 pixels (RGB) forming one dot are simul-
taneously written.

[0069] As shown in FIG. 1, functional blocks of the data
line drive circuit 60 include a shift register 61, a data latch
circuit 62 that sequentially latches data according to a clock
from the shift register 61, a line latch circuit 63 that simulta-
neously latches data from the data latch circuit 62, and a
digital-analog conversion circuit 64 that performs digital-
analog conversion on data from the line latch circuit 63, and
outputs the obtained data as a gradation voltage. The final
stage of the digital-analog conversion circuit 64 is provided
with an amplifier.

[0070] As shown in FIG. 1, the display apparatus 10 may
have an image processing portion 70 on or outside the silicon
substrate 1. The image processing portion 70 may have a
gamma cotrection portion 71.

[0071] 2. Capacitance Dividing Method

[0072] FIG. 4 shows a level shifting block 46 for one pixel
of the level shifting circuit 40 shown in FIG. 1. The level
shifting block 46 shown in FIG. 4 is shown with respect to
only one data line 14. The first holding capacitor 44 is con-
nected midway on the data line 14. An initialization switch 45
that sets one end of the first holding capacitor 44 to an initial-
ization potential Vini has a gate that receives supply of a
control signal /Gini. An initialization switch 43 that sets the
other end of the first holding capacitor 44 to a potential Vref
has a gate that receives supply of a control signal Gref. The
capacitance dividing method will be described briefly in this
specification.
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[0073] In an initialization period (the transistors 122 and
123 are both off), potentials at both ends of the first holding
capacitor 44 are respectively set to potentials Vini and Vref.
At that time, the transistor 124 is off, and the transistor 125 is
on. Ina compensation period (the transistors 122 and 123 are
both on) after the initialization period, the transistor 123 is on,
and, thus, the transistor 121 forms a diode connection, and the
holding capacitor 132 in the pixel circuit 110 holds a thresh-
old voltage Vth of the transistor 121. In a write period (the
transistor 122 is on) after the compensation period, the tran-
sistor 123 is off, a transfer gate 34 of the demultiplexer 30 is
on, and the initialization switch 43 is off. Accordingly, the
node at the other end of the first holding capacitor 44 fixed in
the initialization period and the compensation period changes
from the potential Vref to a gradation level.

[0074] The node at one end of the first holding capacitor 44
has a value (Vel-IVthl+k1-AV) obtained by shifting upward,
by a value obtained by multiplying a capacitance ratio k1 by
a potential change AV of that node, from a potential (Vel-
[Vthl) in the compensation period. The capacitance ratio k1 is
k1=Crfl/(Cdt+Crefl) (where Cdt>Crf1), when the capaci-
tance of the first holding capacitor 44 is taken as Crf1, and the
capacitance of the holding capacitors 50 is taken as Cdt. For
example, if Crf1:Cdt=1:9, based on a relationship between
the potential at the data line 14 and the potential at the gate
node of the transistor 121 in the write period, the potential
range at the gate node of the transistor 121 is compressed to
Y10 the potential range at the data line 14.

[0075] As shown in FIG. 5, a level shifting block 47 further
including a second holding capacitor 41 and a transfer gate 42
may be provided instead of the level shifting block 46 shown
in FIG. 4. With the second holding capacitor 41 and the
transfer gate 42, a gradation voltage can be supplied to and
temporarily held by the second holding capacitor 41 before
the write period (the period in which the transfer gate 42 is off
including the initialization period and the compensation
period). Inthe subsequent write period, when the transfer gate
42 is turned on, the potential of the electrode of the first
holding capacitor 44 can be changed to match that of the
electrode of the second holding capacitor 41. In this case, the
capacitance ratio kl in the above-mentioned formula is
changed to a capacitance ratio k2. The capacitance ratio k2 is
a capacitance ratio between capacitances Cdt, Crfl, and Crf2
when the capacitance of the second holding capacitor 41 is
taken as Crf2.

[0076] 3. Layout of Holding Capacitor

[0077] FIG. 6 schematically shows the layout of the level
shifting blocks 46 shown in FIG. 4 or the level shifting blocks
47 shown in FIG. 5. The level shifting blocks 46(47) corre-
sponding to N pixels (N is a plural number), for example,
three pixels that are adjacent to each other in the row direction
X are arranged in the column direction Y. In this embodiment,
three pixel circuits 110 are RGB pixels forming one color dot.
That is to say, three level shifting blocks are configured by a
block 46(R) connected to an R pixel, ablock 46(G) connected
to a G pixel, and a block 46(B) connected to a B pixel. The
level shifting block 46(47) has a width W2 that can be
W1/N=W2<W1 when a total width of the pixel circuits 110
(N=3) is taken as W1. That is to say, the width W2 of the level
shifting block 46(47) is smaller than the total width W1 of N
pixel circuits 110, and is equal to or larger than the width
W1/N of one pixel circuit 110. Note that, in this embodiment,
the holding capacitors are made of MIM (metal-insulator-
metal).
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[0078] Inthe case where the embodiment shown in FIG. 4
is applied to FIG. 6, the level shifting blocks 46(R), 46(G),
and 46(B) for an R pixel, a G pixel, and a B pixel are arranged
in the column direction Y. In each of the level shifting blocks
46(R), 46(G), and 46(B), the electrode width of the first
holding capacitor 44 satisfies the condition of the block width
W2. In the case where the embodiment shown in FIG. 5 is
applied to FIG. 6, the level shifting blocks 47(R), 47(G), and
47(B) for an R pixel, a G pixel, and a B pixel are arranged in
the column direction Y. In each of the level shifting blocks
47(R), 47(G). and 47(B), the first holding capacitor 44 and the
second holding capacitor 41 are arranged in the column direc-
tion Y, and the electrode widths of the first holding capacitor
44 and the second holding capacitor 41 each satisfy the con-
dition of the block width W2.

[0079] FIG. 7 is a plan view showing the first holding
capacitors 44 in the level shifting blocks 46(47) arranged in
the X direction at the pitch W1. Data lines 14A(R), 14A(G),
and 14A(B) are data lines respectively corresponding to the
R, G, and B pixels described in FIG. 1. As shownin FIG. 7, the
firstholding capacitor 44 has a pair of electrodes 44A and 44B
that face each other in a thickness direction Z of the silicon
substrate 1. The electrode width of the pair of electrodes 44A
and 44B are respectively taken as WA and WB (WA>WB).
The portion where the electrodes 44A and 44B face each
other forms a capacitor element. Note that W1/N=sWA<W1,
and WI/N<WB<W1.

[0080] It is assumed that the total width W1 of three pixel
circuits 110 is, for example, 2.5 pmx3=7.5 um. When the
plurality of first holding capacitors 44 are formed at the pitch
W1 in the row direction X as shown in FIG. 7, it is necessary
to take into consideration the fact that masks used for forming
the pair of electrodes 44A and 44B in photolithography pro-
cessing may be shifted in the X direction. Accordingly, for
example, margins WC have to be respectively provided on
both sides in the X direction of the electrode 44B. The margin
WC only on one side requires a length of 1.1 pm. Thus, the
margins WC on both sides require a length of 2.2 um. In this
embodiment, 7.5-2.2=5.3 um is ensured as the electrode
width of the electrode 44B. In this case, the length in the
column directionY is 100 um in order to ensure a capacitance
0f 0.5 pF. The electrode width of the second holding capacitor
41 disposed together with the first holding capacitor 44 in the
level shifting block 47 is set in a similar manner to the elec-
trode width of the first holding capacitor 44.

[0081] Ifthe holding capacitoris disposed within the width
of one pixel circuit 110, the electrode width that can be
ensured is as small as 2.5-2.2=0.3 um. In this case, the length
in the column direction Y is substantially 1710 wm in order to
ensure a capacitance of 0.5 pF. If the first and the second
holding capacitors 44 and 41 are arranged, the length in the Y
direction is substantially 3420 um, that is, the chip area
increases, and the cost increases, which makes it difficult to
realize this structure. In the embodiment shown in FIG. 5, the
first holding capacitor 44 and the second holding capacitor 41
each having a length of 100 pm are arranged adjacent to each
other in the Y direction in one level shifting block 47, and
three blocks for R, G, and B are arranged adjacent to each
other in the Y direction, and, thus, the length can be reduced
to substantially 100 pmx2x3=600 pm, and the dimensions in
the X and Y directions can be balanced.

[0082] As shown in FIG. 6, the first holding capacitor 44 in
the level shifting block 46(R) or the level shifting block 47(R)
is connected via a data line 14A(R) to the R pixel circuit 110,
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and is connected via a data line 14B(R) to the transfer gate 34
in the demultiplexer 30. The same can be applied to the blocks
46(G), 47(G), 46(B), and 47(B) for the other colors.

[0083] RGB gradation voltages are simultaneously written
via the data lines 14B(R), 14B(G), and 14B(B) to the first
holding capacitors 44 of the three blocks 46(R), 46(G), and
46(B). Alternatively, RGB gradation voltages are simulta-
neously written via the data lines 14B(R), 14B(G), and 14B
(B) to the second holding capacitors 41 of the three blocks
47(R), 47(G), and 47(B). The simultaneous writing makes it
possible to ignore noise due to coupling of data interconnects
and upper MIM capacitor electrodes.

[0084] Furthermore, the data lines 14A(R), 14A(G), 14A
(B), 14B(R), 14B(G), and 14B(B) shown in FIG. 6 can be
arranged in the lower layer of the three level shifting blocks
46(R), 46(G), and 46(B) or the three level shifting blocks
47(R), 47(G), and 47(B). Accordingly, an extra interconnect-
ing space does not have to be ensured, and, thus, the space can
be saved.

[0085] In FIG. 7, shield lines 80 or 81 having fixed poten-
tials are arranged on both sides of each of the three data lines
14A(R), 14A(G), and 14A(B) in the lower layer of the MIM
holding capacitors, when viewed from above. Accordingly,
crosstalk in the X direction is prevented. The shield lines 80
having fixed potentials are shield lines having a high potential
level (e.g., VDDH) and a low potential level (e.g., VSS).
Furthermore, the shield line 81 having a fixed potential may
be disposed between two groups of N holding capacitors 44
(41) that are adjacent to each other in the row direction X.
Voltages are not absolutely simultaneously written to two
groups of N holding capacitors 44 (41) that are adjacent to
each other in the row direction X, and, thus, crosstalk can be
effectively prevented.

[0086] FIG. 8 is a schematic plan view of the entire level
shifting circuit 40 shown in FIG. 1. As shown in FIG. 8, level
shifting regions 48(R) and 49(R) for R are provided along the
row direction X. In the level shifting region 48(R), the first
holding capacitors 44 shown in FIG. 5§ are arranged corre-
sponding to all R pixels. In the level shifting region 49(R), the
second holding capacitors 41 shown in FIG. 5 are arranged
corresponding to all R pixels. The same can be applied to the
level shifting regions 48(G), 49(G), 48(B), and 49(B) for the
other colors.

[0087] The initialization switches 43 and 45 for supplying
a potential to the electrodes of the first holding capacitors 44
shown in FIG. 4 or 5, the /Gini and Gref control signal lines
for controlling the initialization switches 43 and 45, and the
like can be arranged in the lower layer of the regions 49(R),
49(G), and 49(B) in which the second holding capacitors 41
are formed as shown in FIG. 8.

[0088] In FIG. 8, buffers 91 that are arranged midway on
control signal lines 90 include a first stage buffer 91A, second
stage buffers 91B, and third stage buffers 91C. The control
signal lines 90 include a first control signal line 90A that
extends in the row direction X from the first stage buffer 91A
disposed on one side in the row direction X to the lower layer
of the second holding capacitors 41, a second control signal
line 90B that is connected via the second stage buffers 91B to
the first control signal line 90 A and extends in the lower layer
of the second holding capacitors 41 so as to project from both
ends in the row direction X in the second holding capacitors
41, third control signal lines 90C that extend in the column
direction Y outside the region in which the holding capacitors
are formed, and a fourth control signal lines 90D that extend
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in the row direction X from the third control signal lines 90C
in the lower layer of the second holding capacitors 41. The
third stage buffers 91C are connected to the fourth control
signal lines 90D. With this configuration, the control signal
lines 90 do not extend in the column directionY in the region
in which the second holding capacitors 41 are formed. Thus,
the control signal lines 90 do not adversely affect the first
holding capacitors 44. Note that, if lines extending from the
buffers 91 or the control signal lines 90 extend in the column
direction Y, the above-described shield lines 80 can be
arranged on both sides thereof.

[0089] Shielding can be provided in a similar manner not
only to the buffers 91 and the control signal lines 90 but also
to the lines for supplying the initialization potentials Vini and
Vrefshown in FIG. 4. These lines can be protected by arrang-
ing the shield lines on both sides thereof.

[0090] The first holding capacitors 44 and the second hold-
ing capacitors 41 in the blocks shown in FIG. 6 can be formed
as shown in FIGS. 9A and 9B. In this embodiment, the first
holding capacitor 44 has node electrodes 44a and 444 that are
arranged on a third metal layer ALC and a fourth metal layer
ALD, and an MIM plate electrode 44¢ that is formed therebe-
tween as shown in FIG. 9A. The MIM plate electrode 44c is
connected through a via-hole to the node electrode 445. An
MIM capacitor element is configured by the node electrode
44a, the MIM plate electrode 44¢, and an insulating member
therebetween. The second holding capacitor 41 has fixed
potential electrodes 41a and 415 that are arranged on a third
metal layer ALC and a fifth metal layer ALE, a node electrode
41c that is disposed on a fourth metal layer ALD, an MIM
plate electrode 414 that is disposed between the electrodes
41a and 41¢, and an MIM plate electrode 41e that is disposed
between the electrodes 415 and 41¢, as shown in FIG. 9B. The
MIM plate electrode 41d is connected to the node electrode
41¢, and the MIM plate electrode 41e is connected to the fixed
potential electrode 415. The second holding capacitor 41 is
formed by stacking a capacitor element (the electrodes 41a
and 41c¢ and an insulating member therebetween) and a
capacitor element (the electrodes 41¢ and 41e and an insulat-
ing member therebetween) in the height direction. Stacking in
the height direction reduces the area occupied by the holding
capacitors for ensuring a predetermined capacitance value,
and, thus, the space can be saved.

[0091] As described above, the data lines 14A have a para-
sitic capacitance between the shield lines 80 arranged on both
sides thereof and the MIM electrode in the upper layer. Since
the holding capacitors are arranged in the column direction Y,
the data lines 14 have different lengths for each of R, G, and
B, and also have different parasitic capacitances. When the
transfer gate 42 is turned ON and the voltage accumulated in
the second holding capacitor 41 is released to the data line 14,
the divided voltage of the data line may vary due to a differ-
ence in the parasitic capacitance. In order to adjust this varia-
tion, functions may be provided for changing the initializa-
tion potentials Vini and Vref or for changing the gradation
correction for each of R, G, and B. The gradation correction
has a function for changing a look-up table having a RAM and
provided in the gamma correction portion 71 in FIG. 1 for
each of R, G, and B.

[0092] 4. Electronic Equipment

[0093] FIG. 10 is a perspective view showing the configu-
ration of a digital still camera 200, wherein connection to
external equipment is also schematically shown. A rear face
of a casing 202 of the digital still camera 200 is provided with
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a display apparatus 204 employing the above-described dis-
play apparatus 10 using organic EL elements. The display
apparatus 204 displays images based on imaging signals from
a CCD (charge coupled device). Accordingly, the display
apparatus 204 functions as an electronic viewfinder that dis-
plays a subject. The viewing side (the back face side in FIG.
10) of the casing 202 is provided with a light-receiving unit
206 including an optical lens, a CCD, and the like.

[0094] When the user views an image of the subject dis-
played on the display apparatus 204 and pushes a shutter
button 208, the imaging signal of the CCD at that time is
transferred and stored in a memory of a circuit board 210.
[0095] In the digital still camera 200, a side of the casing
202 is provided with video signal output terminals 212 and a
data communication input/output terminal 214. A TV moni-
tor 230 is connected to the video signal output terminals 212,
and a personal computer 440 is connected to the data com-
munication input/output terminal 214, as necessary. Further-
more, with a predetermined operation, the imaging signal
stored in the memory of the circuit board 210 is output to the
TV monitor 230 or the personal computer 240.

[0096] FIGS. 11 and 12 show a head-mounted display 300.
The head-mounted display 300 has temples 310, a bridge 320,
and lenses 3011 and 301R, as in the case of glasses. A display
apparatus 10L for the left eye and a display apparatus 10R for
the right eye are provided inside the bridge 320. The display
apparatus 10 shown in FIG. 1 can be used as the display
apparatuses 10L and 10R.

[0097] Images displayed on the display apparatuses 10L
and 10R are transmitted via optical lenses 3021 and 302R and
half mirrors 3031 and 303R and are incident on both eyes. An
image for the left eve and an image for the right eye with
parallax can realize 3D display. Note that the half mirrors
303L and 303R are light-transmissive, and, thus, they do not
disturb the visual field of the user.

[0098] Although this embodiment has been described in
detail, a person skilled in the art will easily understand that
various modifications of the invention are possible without
substantially departing from new matters and advantageous
effects thereof. Accordingly, all of such modified examples
are included in the scope of the invention. For example, terms
that appear at least once in this specification or drawings can
be replaced by different terms. Furthermore, the configura-
tions and operations of the display apparatuses, the electronic
equipment, and the like are not limited to those described in
this embodiment, and various modifications are possible.

What is claimed is:

1. A display apparatus, comprising:

a first pixel circuit;

a first data line connected to the first pixel circuit;

a first block having a first capacitor connected to the first
data line;

a second pixel circuit;

a second data line connected to the second pixel circuit;

asecond block having a second capacitor connected to the
second data line;

athird data line;

a fourth data line;

a data line drive circuit that supplies a first data signal
through the third data line to the first block and that
supplies a second data signal through the fourth data line
to the second block,

wherein the second data line overlaps the first block in plan
view, and
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wherein the third data line overlaps the second block in
plan view.

2. The display apparatus according to claim 1,

wherein the first data line and the second data line extend in
a first direction,

wherein the first block and the second block are arranged in
the first direction.

3. The display apparatus according to claim 1,

wherein the second data line is arranged in the lower layer
of the first block, and

wherein the third data line is arranged in the lower layer of
the second block.

4. The display apparatus according to claim 1, further

comprising:

a third pixel circuit;

a fifth data line connected to the third pixel circuit;

a third block having a third capacitor connected to the fifth
data line;

a sixth data line,

wherein the data line drive circuit supplies a third data
signal through the sixth data line,

wherein the third data line and the fourth data line overlap
the third block in plan view,

wherein the fifth data line overlaps the first block in plan
view, and

wherein the fifth data line overlaps the second block in plan
view.

5. The display apparatus according to claim 4,

wherein the first data line, the second data line, and the fifth
data line extend in a first direction,

wherein the first block, the second block and the third block
are arranged in the first direction.

6. The display apparatus according to claim 4,

wherein the the third data line and the fourth data line are
arranged in the lower layer of the third block,

wherein the fifth data line is arranged in the lower layer of
the first block, and

wherein the fifth data line is arranged in the lower layer of
the second block.

7. The display apparatus according to claim 4,

wherein a width of the first block is smaller than a total
width of the first pixel circuit, the second pixel circuit,
and the third pixel circuit and is equal to or larger than a
width of one pixel circuit among the first pixel circuit,
the second pixel circuit, and the third pixel circuit.

8. The display apparatus according to claim 1,

wherein the first block further comprises a fourth holding
capacitor that are connected via transfer gates to the first
holding capacitor.

9. The display apparatus according to claim 1,

wherein the first block further comprises an initialization
switch for supplying initialization potentials to both
electrodes of the first holding capacitor, a control signal
line for controlling the initialization switch.

10. The display apparatus according to claim 9,

wherein the first block further comprises a fourth holding
capacitor that are connected via transfer gates to the first
holding capacitor, an initialization switch for supplying
initialization potentials to both electrodes of the first
holding capacitor, a control signal line for controlling
the initialization switch,

wherein the initialization switch and the control signal line
are arranged in the lower layer of the fourth holding
capacitor.
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11. Electronic equipment comprising the display apparatus
according to claim 1.

12. Electronic equipment comprising the display apparatus
according to claim 2.

13. Electronic equipment comprising the display apparatus
according to claim 3.

14. Electronic equipment comprising the display apparatus
according to claim 4.

15. Electronic equipment comprising the display apparatus
according to claim 5.

16. Electronic equipment comprising the display apparatus
according to claim 6.

17. Electronic equipment comprising the display apparatus
according to claim 7.

18. Electronic equipment comprising the display apparatus
according to claim 8.

19. Electronic equipment comprising the display apparatus
according to claim 9.

20. Electronic equipment comprising the display apparatus
according to claim 10.
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