
;[\]^_`abcde3edt6ThB SIGNAL LINE DRIVER CIRCUIT, LIGHT EMITTING DEVICE AND
DRIVING METHOD THEREOF 5 Technical Field The present invention relates to a
technique of a signal line driver circuit. Further, the present invention
relates to a light emitting device including the signal line driver
circuit. 10 Background Art Recently, display devices for performing image
display are being developed. Liquid crystal display devices that perform
image display by using a liquid crystal element are widely used as display
devices because of advantages of 15 high image quality, thinness,
lightweight, and the like. In addition, light emitting devices using
self-light emitting elements as light emitting elements are recently being
developed. The light emitting device has characteristics of, for example, a
high response speed suitable for motion image display, low voltage, and low
power consumption, in addition to advantages 20 of existing liquid crystal
display devices, and thus, attracts a great deal of attention as the next
generation display device. As gradation representation methods used in
displaying a mufti-gradation image on a light emitting device, an analog
gradation 'method and a digital gradation method are given. The former
analog gradation method is a method in 25 which the gradation is obtained
by analogously controlling the magnitude of a current that flows to a light
emitting element. The latter digital gradation method is a method in which
the light emitting element is driven only in two states thereof: an ON
state (state where the luminance is substantially 100%) and an OFF
state(state wherethe luminance is substantially0%). Inthe digital30
gradationmethod, sinceonly two gradations can bedisplayed,a .method '
configured by combining the digital gradation method and a different method
to display mufti-gradation images has been proposed. When classification is
made based on the type of a signal that is input to pixels, a voltage input
method and a current input method are given as 5 pixel-driving methods. The
former voltage input method is a method in which: a video signal (voltage)
that is input to a, pixel is input to a gate electrode of a driving
element; and the driving element is used to control the luminance of a
light emitting element. The latter current input method is a method in
which the set signal current is flown to a light emitting element to
control the luminance of 10 the light emitting element. Hereinafter,
referring to FIG. 16(A), a brief description will be made of an example of
a circuit of a pixel in a light emitting device employing the voltage input
method and a, driving method thereof. The pixel shown in FIG. 16(A) ,
includes a signal line 501, a scanning line S02, a switching TFT 503, a
driving 15 TFT 504, a capacitor element 50S, a light emitting element 506,
arid power sources 507 and 508. 



When the potential of the scanning line 502 varies, and the switching TFT'
503 is turned ON, a video signal that has been input to the signal line 501
is input to a gate electrode of the driving TFT 504. According to the
potential of the 20 input video signal, a gate-source voltage of the
driving TFT 504 is determined, and a current flowing between the source and
the drain of the driving Tl T 504 is determined. This current is supplied
to the light emitting element 506, and the light emitting element 506 emits
light. As a semiconductor device for driving the light emitting element, a
polysilicon transistor is used. However, the 25 polysilicon transistor is
prone to variation in electrical characteristics, such as a threshold value
and an ON current, due to, defects in a grain boundary. In~ the pixel shown
in FIG: 16(A), if characteristics of the driving TFT 504 vary in units of
the pixel, even when identical video signals have been input, the
magnitudes of the, corresponding drain currents of the driving TFTs S04 are
different. Thus, the 30 luminance of the light emitting element S06 varies.
2   To solve the problems described above, a desired current may be input
to the light emitting element, regardless of the characteristics of the
TFTs for driving the light emitting element. From this viewpoint, the
current input method has been proposed which can control the magnitude of a
current that is supplied to a 5 light emitting element regardless of the
TFT characteristics. Next, referring to FIGs. 16(B) and 17, a brief
description will be made of a circuit of a pixel in a light emitting device
employing the current input method arid a driving method thereof. The pixel
shown - in FIG. 16(B) includes a signal line 601, first to third scanning
lines 602 to 604, a current line 605, TFTs 606 to to 609, a capacitor
element 610, and a light emitting element 611. A current source circuit 612
is disposed to each signal line (each column). Operations of from video
signal-writing to light emission will be described by using FIG. 17. In
FIG. 17, reference numerals denoting respective portions conform to those
shown in FIG. 16. FIGs. 17(A) to 17(C) schematically 15 show current paths.
FIG. 17(D) shows the relationship between currents flowing through
respective paths during a write of a video signal, and FIG. 17(E) shows a
voltage accumulated in the capacitor element 610 also during the write of a
video signal, that is, a gate-source voltage of the TFT 608. First, a pulse
is input to the first and second scanning lines 602 and 603 to 2o turn the
TFTs 606 and 607 ON. A signal current flowing through the signal line 601
at this time will be referred to as Idata. As shown in FIG. 17(A), since
the signal current Idata is flowing through the signal line 601, the
current separately flows through current paths Ii and Iz in the pixel. FIG.
17(D) shows the relationship between the currents. Needless to say, the
relationship is expressed 25 as Idata =' I1 + I2. The moment the TFT 60b is
turned ON, no charge is yet accumulated in the capacitor element 610, and
thus, the TFT 608 is OFF Accordingly, I2 = 0 and Idaca = I~_ are
established. In the moment, the current flows between electrodes of the
capacitor element 610, and charge accumulation is performed in 30 the
capacitor element 610. 3   Charge is gradually accumulated in the capacitor
element 610, and a potential difference begins to develop between both the
electrodes (FIG. 17(E)). 



When the potential difference of both the electrodes has reached V,h (point
A in FIG. 17(E)), the TFT 608 is turned ON, and I2 occurs. As described
above, since 5 Iaata = Ii + IZ is established, while Ii gradually
decreases, the current keeps flowing, and charge accumulation is
continuously performed in the capacitor element 610. In the capacitor
element .610, charge accumulation continues until the potential difference
between both the electrodes, that is, the gate-source voltage of the TFT
608 reaches a desired voltage. That is, charge accumulation continues 10
until the voltage reaches a level at which the TFT 608 can allow the
current Ida,~ to flow. When charge accumulation terminates (B point in FIG.
17(E)), the current h stops flowing. Further, since the TFT 608 is fully
ON, Idata = Iz is established (FIG. 17(B)). According to the operations
described above, the operation of writing the signal to the pixel is
completed. Finally, selection of the first and 15 second scanning lines 602
and 603 is completed, and the TFTs 606 and 607 are turned OFF.
Subsequently, a pulse is input to the third scanning line 604, and the TFT
609 is turned ON. Since VGS that has been just written is held in the
capacitor element 610, the TFT 608 is already turned ON, and a current
identical to Idaca 2o flows thereto from the current line 605. Thus; the
light emitting element 611 emits light. At this time, when the TFT 608 is
set to operate in a saturation region, even if the source-drain voltage of
the TFT 608 varies, a light emitting current IEL flowing to the light
emitting element 611 flows continuously. As described above, the current
input method refers to a method in which 25 the drain current of the TFT
609 is set to have the same current value as that of the signal current
Idata set in the current source circuit 612, and the light emitting element
611 emits light with the luminance corresponding to the drain current. By
using the thus structured pixel, influence of variation in characteristics
of the TFTs constitufing the pixel is suppressed, and a desired current can
be supplied to 30 the light emitting element. 4   Incidentally, in the
light emitting device employing the current input method, a signal current
corresponding to a video signal needs to be precisely input to a pixel.
However, when a signal line driver circuit (corresponding to the current
source circuit 612 in FIG. 16) used to input the signal current to the
pixel 5 is constituted by polysilicon transistors, variation in
characteristics thereof occurs, thereby also causing variation in
characteristics of the signal current. That is, in the light emitting
element employing the current input method, 



variation in characteristics of TFTs constituting the pixel and the signal
line driver circuit need to be suppressed. However, while the influence of
variation in 10 characteristics of the TFTs constituting the pixel can be
suppressed by using the pixel having the structure of FIG. 16(B),
suppression of the influence of variation in characteristics of the TFTs
constituting the signal line driver circuit is difficult. Hereinafter,
using FIG. 18, a brief description will be made of the structure and
operation of a current source circuit disposed in the signal line driver 15
circuit that drives the pixel employing the current input method. The
current source circuit 612 shown in FIGS. 18(A) and 18(B) corresponds to
the current source circuit 612 of FIG. 16(B). The current source circuit
612 includes constant current sources 555 to 558. The constant current
sources 555 to 558 are controlled by signals that are input via respective
terminals 20 551 to 554. The magnitudes of currents supplied from the
constant current sources 555 to 558 are different from one another, and the
ratio thereof is set to 1 2:4:8. FIG. 18(B) shows a circuit structure of
the current source circuit 612, in which the constant current sources 555
to 558 shown therein correspond to 25 transistors. The ratio of ON currents
of the transistors 555 to 558 is set to 1 : 2 4 : 8 according to the ratio
(1:2:4:8) of the value of L (gate length)/W (gate width). The current
source circuit 612 then can control the current magnitudes at 24 = 16
levels. Specifically, currents having 16-gradation analog values can be
output for 4-bit digital video signals. Note that the current source
circuit 612 is 30 constituted by polysilicon transistors, and is integrally
formed with the pixel 5   portion on the same substrate. As described
above, conventionally, a signal line driver circuit incorporated with a
current source circuit has been proposed (for example, refer to Non-patent
Documents 1 and 2). s In addition, digital gradation methods include a
method in which a digital gradation method is combined with an area
gradation method to represent mufti-gradation images (hereinafter, referred
to as area gradation method), and a method in which a digital gradation
method is combined with a time gradation method to represent
mufti-gradation images (hereinafter, referred to as time 10 gradation
method). The area gradation method is a method in which one pixel is
divided into a plurality of sub-pixels, emission or non-emission is
selected in each of the sub-pixels, and the gradation is represented
according to a difference between a light emitting area and the other area
in a single pixel. The time gradation method is a method in which gradation
representation is performed by 15 controlling the emission period of a
light emitting element. To be more specific, one frame period is divided
into a plurality of subframe periods having mutually different lengths,
emission or non-emission of a light emitting element is selected 



in each period, and the gradation is presented according to a difference in
length of light emission time in one frame period. In the digital gradation
method, the 20 .method in which a digital gradation method is combined with
a time gradation method (hereinafter, referred to as time gradation method)
is proposed. (For example, refer to Patent Document 1). [Non-patent
Document 1J 25 Reiji Hattori & three others, "Technical Report of Institute
of Electronics, , Information and Communication Engineers", ED 2001-8, pp.
7-14, "Circuit Simulation of Current Specification Type Polysilicon TFT
Active Matrix-Driven Organic LED Display" . [Non-patent Document 2] - 30
Reiji H et al.; "AM-LCD'01", OLED-4, pp. 223-226 -6   [Patent Document 1]
JP 2001-5426 A Disclosure of the Invention 5 In the above-described current
source circuit 612, the ON currents of the transistors are set to a ratio
of 1 : 2 : 4 : 8 by designing the L/W values.. However, in the transistors
555 to 558, variations occur in the threshold value and mobility due to a
number of factors for variations in the gate length; gate width, and
thickness of a gate insulating film, which are attributed to differences in
10 manufacturing steps and substrates used. This makes it difficult to
precisely set the ON currents of the transistors 555 to 558 to 1 : 2 : 4 :
8. That is, depending on the column, variation occurs in the value of the
current to be supplied to the pixel. To precisely set the ON currents of
the transistors 555 to S58 to 1 : 2 : 4 15 8 as designed, current source
circuits disposed to a11 the columns need to be identical in
characteristics to one another. Specifically, .the characteristics of
transistors in a11 current source circuits, of the signal line driver
circuit need to be arranged identical to one another. However, such
arrangement is extremely difficult to be realized. 20 The present invention
has been made in view of the problems described above, and therefore
provides a signal line driver circuit capable of suppressing the influence
of variation in characteristics of TFTs to thereby supply a desired signal
current to a pixel. In addition, the present invention provides a light
emitting element capable of suppressing the influence of variation in 25
characteristics of TFTs constituting both the .pixel and the driver circuit
to thereby supply a desired signal current to a light emitting element by
using the pixel having a circuit structure suppressing the influence of
variation in characteristics of TFTs. The present invention provides a
signal line driver circuit having a novel 30 structure which is provided
with an electric circuit (referred to as current source 7   circuit in this
specification) that suppresses the influence of variation in
characteristics of TFTs to flow a desired constant current. In addition,
the present invention provides a light emitting device including the signal
line driver circuit. 5 The present invention provides a signal line driver
circuit in which a current source circuit is disposed in each column (each
signal line or the like). According to the present invention, the current
source circuit disposed in each signal line (each column) is set to supply
a predetermined signal current by using a reference constant current
source. The current source circuit set as above l0 has a capability of
supplying a current proportional to the reference constant current source.
Consequently, using the current source circuit, the influence of variation
in characteristics of the TFTs constituting the signal line driver circuit
can be suppressed. A switch for determining whether the set signal current
is supplied from the current source circuit to the pixel is controlled by a
video signal. 



15 To be more specific, in the case where a signal current proportional to
a video signal is required to flow to a signal line, a switch is controlled
to determine as to whether the signal current is supplied from the current
source circuit .to the signal line driver circuit, and the switch is
controlled by the video signal. Note that, in this specification, the
switch for determining as to whether the signal 20 current is supplied from
the current source circuit to the signal line driver circuit is referred to
as a signal current control switch. Note that the reference constant
current source may either be formed integrally with the signal line driver
circuit on a substrate or be disposed on the outside of the substrate by
using an IC. In this case, a constant current serving as 25 a reference
current is supplied to the signal line driver circuit from the outside of
the substrate. . The outline of the signal line driver circuit of the
present invention will be described with reference to FIGS. 1 and 2. FIGs.
1 and 2 each show a signal line driver circuit in the periphery of three
signal lines of i-th to (i+2)-th columns 3o First, a case where signal
currents proportional to video signals are needed 8   to flow to the signal
lines will be described. In FIG. 1, current source circuits 420 are
disposed in the respective signal lines (respective columns) in a signal
line driver circuit 403. The current source circuits 420 each include a
terminal a, a terminal b, and a terminal c. A setting 5 signal is input to
the terminal a. A current (reference current) is supplied to the terminal b
from a reference constant current source 109 connected to a current line.
The terminal c outputs a signal held in the current source circuit 420 via
a switch 101 (signal current control switch). That is, the current source
circuit 420 is controlled by the setting signal input from the terminal a,
the current (reference l0 current) is supplied from the terminal b, and the
current proportional to the current (reference current) is output from the
terminal c. Note that the switch 101 (signal current control switch) is
provided between the current source circuit 420 and a pixel connected to
the signal line, and ON/OFF of the switch 101 (signal current control
switch) is controlled by the video signal. 15 Next, using FIG. 2, a
description will be made. of a signal line driver circuit of the present
invention that has a structure different from that shown in FIG. 1. In FIG.
2, two or more current source circuits 420 are disposed for each signal
line (each column) in a signal line driver circuit 403. The current source
circuit 420 includes a plurality of current source circuits. Here, the
current 20 source circuit 420 is assumed to include two current source
circuits, namely a first current source circuit 421 and a second current
source circuit 422. The first current source circuit 421 and the second
current source circuit 422 each include a terminal a, a terminal b,
terminal c, and a terminal d. A setting signal is input to 



the terminal a. A current (reference current) is supplied to the terminal b
from a 25 reference constant current source 109 connected to a current
line. Further, the terminal c outputs signals (signal currents) held in the
first current source circuit 421 and the second current source circuit 422
via a switch 101 (signal current control switch). That is, the current
source circuit 420 is controlled .by the setting ' signal input from the
terminal a and a control signal input from the terminal d, the 30 current
(reference current) is supplied from the terminal b, and the current 9
proportional to the current (reference current) is output from the terminal
c. Note that the switch (signal current control switch) 101 is provided
between the current source circuit 420 and a pixel connected to the signal
line, and ON/OFF of the switch (signal current control switch) 101 is
controlled by the video signal. 5 In this specification, an operation (for
setting a signal current, setting the signal current according to a
reference current, and performing setting to enable the current source
circuit 420 to output a signal current) for completing a write of the
signal current to the current source circuit 420 is referred to as a
setting operation. In addition, an operation for inputting a signal current
to a pixel to (operation of the current source circuit 420 to output the
signal current) is referred to as an input operation. In FIG. 2, the
control signals input to the first current source circuit 421 and the
second current source circuit 422 are different from each other. Therefore,
one of the first current source circuit 421 and the second current source
circuit 422 performs the setting operation, and the other performs 15 the
input operation. Thus, the two operations can be executed at the same time.
Note that the setting operations may be performed at an arbitrary number of
times, at arbitrary time and at arbitrary timing. The timing of the setting
operation can be arbitrarily adjusted in accordance with the pixel
structure (such as the current source circuit disposed in the pixel) or the
structure of the current 20 source circuit disposed in the signal line
driver circuit. The number for performing setting operations may be at
least one when supplying power to the signal line driver circuit to start
the operation. In practice, however, for example, a case can occur where
information obtained by the setting operation leaks. Thus, the setting
operation may be performed again with timing when a need arises 25 again
for the information. Each of the signal line driver circuits of FIGS. 1 and
2 has been described for the case where the signal current proportional to
the video signal is supplied to the signal line. However, the present
invention is not limited to this. For example, a current may be supplied to
a wiring different from the signal line. In 30 this case, the switch 101
(signal current control switch) does not need to 6e 10   



disposed. A case where the switch 101 is not disposed is shown in FIG. 36
as to FIG. 1, and the case is shown in FIG. 37 as to FIG. 2. In these
cases, a current is output to a pixel current line. The video signal is
output to the signal line. According to the present invention, a video
signal is used in two cases: 5 one case where the signal is used to control
the pixel; and the other case where the signal is used as a setting signal
for a current source circuit. Specifically, a video signal is used not only
for image display, but also for the setting operation of the current source
circuit. In the case where the video signal is used for control of the
pixel (display of an image), the current source circuit performs the input
10 operation (output of the current to the pixel). Further, in the case
where the video signal is used as the setting signal for the current source
circuit, the current source circuit performs the setting operation. Note
that the current is output either the signal line or the pixel current
line. In the case where the current is output to the signal line, when the
video 15 signal is used for the pixel control (image display), the current
source circuit performs the input operation (output of the current to the
pixel). This is because the current output to the signal line is the video
signal itself. On the other hand, in the case where the current is output
to the pixel current line, when the video signal is used for pixel control
(image display), the current source circuit disposed 2o in the signal line
driver circuit does not always perform the input operation. This is because
the video signal is already input to the signal line when being used for
pixel control (image display), and the video signal has nothing to do with
current that is output when the current source circuit disposed in the
signal line driver circuit performs the input operation. The current source
circuit disposed in the 25 signal line driver circuit performs the input
operation when the setting operation of the current source circuit disposed
in the pixel is executed. In the present invention, when performing the
setting operation, the video signal is used to specify a current source
circuit disposed in an arbitrary column from among the first column to the
last column. In addition, the current source 30 circuit is specified only
in an arbitrary period. Thus, a current source circuit 11   requiring the
setting operation can be specified among current source circuits disposed
in a plurality of columns. Further, since the setting operation can be
performed spending time for the specified current source circuit, the
setting operation can be precisely performed. s If a current source circuit
in an arbitrary column cannot be specified; and current source circuits
need to be sequentially specified from the first column to the last column,
the per-column time of the setting operation is shortened. Specifically,
since the setting operations need to be performed in a predetermined time
for the current source circuits in the first column to the last column, the



l0 per-column time of the setting operation is shortened. Consequently, the
setting operation cannot be sufficiently performed. In the current source
circuits disposed in the plurality of columns, setting operations for the
current source circuits may be sequentially performed from the first column
to the last column. However, when setting operations are not 15
sequentially performed for the current source circuits from the first
column, but the setting operations can be performed at random for the
current source circuits, various advantages are exhibited. For example, a
sufficient time can be arbitrarily used to perform the setting operation
for the current source circuit. Further, in the case where periods during
which the setting operation can be 20 performed are dotted in one frame,
when an arbitrary column can be selected, the degree of freedom is
increased, and a setting operation period can be set long. For example, in
the period during which the-setting operation can be performed and which is
dotted in one frame, the setting operation can be performed for the
one-column current source circuit by making full use of the period. One of
other 25. advantages is that the influence of charge leakage in a capacitor
element disposed in the current source circuit can be made inconspicuous.
Thus, when a defect has occurred in accordance with the setting operation,
the defect can be made inconspicuous. According to the present invention,
the video signal is used to control the 30 current source circuit, thereby
.obviating the necessity of dedicated circuits to 12   perform control of
the setting operation for the current source circuit and specification of
the current source circuit. Consequently, since the number of circuits to
be disposed is reduced, the defect-occurrence ratio in the manufacture can
be minimized, and the yield can be improved. In addition, since the number
5 of circuits to be disposed can be reduced, the layout area can be
reduced. Thus, the frame area can be reduced, and the device can be
miniaturized. Note that the present invention may be applied by replacing
TFTs with transistors using ordinary monocrystal, transistors using SOI,
organic transistors, or the like. 10 In addition, in the present invention,
the category of the light emitting device includes, for example, a panel in
which a pixel portion including light emitting elements and signal line
driver circuits are enclosed between a substrate and a covering material, a
module in which ICs and the like are mounted to the aforementioned panel,
and a display. That is, the light emitting device is 15 equivalent to a
generic term referring to a panel, a module, a display, and the like. The
present invention provides a signal line driver circuit including the
current source circuit described above. Further, tyre present invention
provides a light emitting device capable of suppressing the influence of
variation in characteristics of TFTs constituting both pixels and driver
circuits to enable a 20 desired signal current Iaa,a to be supplied to
light emitting elements .by using pixels each having a circuit structure
not influenced by the TFT characteristics. Brief Description of the
Drawings FIG. 1 is a view of .a signal line driver circuit. 25 FIG. 2 is a
view of a signal line driver circuit. FIG. 3 is views of a signal line
driver circuit (1-bit). FIG. 4 is a view of a signal line driver circuit
(3-bit). FIG. S is a view of a signal line driver circuit (3-bit). 



FIG. 6 is circuit diagrams of current source circuits. 30 FIG. 7 is circuit
diagrams of current source circuits. 13   FIG. 8 is circuit diagrams of
current source circuits. FIG. 9 is a timing chart. FIG. 10 is a view of a
signal line driver circuit. FIG. 11 is a timing chart. 5 . FIG. 12 is views
of the appearance of a light emitting device. FIG. 13 is circuit diagrams
of pixels of a light emitting device. FIG. 14 is explanatory views of a
driving method. FIG. 15 is views of a light emitting device. FIG. 16 is
circuit diagrams of pixels of a light emitting device. to FIG. 17 is
explanatory views of operations of a pixel of the light emitting device.
FIG. 18 is views of a current source circuit. FIG. 19 is explanatory views
of operations of a current source circuit. FIG. 20 is explanatory views of
operations of a current source circuit. 15 FIG. 21 is an explanatory view
of operations of a current source circuit. FIG. 22 is views of electronic
devices to which the present invention is applied. . FIG. 23 is a view of a
signal line driver circuit (3-bit). FIG. 24 is a view of a signal line
driver circuit (3-bit). 20 FIG. 25 is explanatory views of a driving
method. FIG. 26 is explanatory views of a driving method. FIG. 27 is a view
of a signal line driver circuit. FIG. 28 is a view of a signal line driver
circuit. FIG: 29 is explanatory views of a driving method. 25 FIG. 30 is a
view of a signal line driver circuit. FIG. 31 is explanatory views of a
driving method. FIG. 32 is a circuit diagram of a reference constant
current source. FIG. 33 is circuit diagrams of a reference constant current
source. FIG. 34 is a circuit diagram of a reference constant current
source. 30. FIG. 35 is a circuit diagram of a reference constant current
source. 14   FIG. 36 is a signal line driver circuit. FIG. 37 is a signal
line driver circuit. FIG. 38 is circuit diagrams of a current source
circuit. FIG. 39 is circuit diagrams of a current source circuit. 5 FIG. 40
is circuit diagrams of a current source circuit. FIG. 41 is circuit
diagrams of a current source circuit. FIG. 42 is circuit diagrams of a
current source circuit. FIG. 43 is a circuit diagram of a current source
circuit. FIG. 44 is a view of a signal line driver circuit. l0 FIG. 45 is a
view of a signal line driver circuit. FIG. 46 is a view of a signal line
driver circuit. FIG. 47 is views of a signal line driver circuit FIG. 48 is
a view of a signal line driver circuit. FIG. 49 is a view of a signal line
driver circuit. 15 FIG. 50 is a view of a signal line driver circuit. FIG.
51 is a view of a signal line driver circuit. FIG. 52 is a view of a signal
line driver circuit. . 



FIG. 53 is a view of a signal line driver circuit. FIG. 54 is views of a
light emitting device. 2o FIG. 55 is views of a signal line driver circuit.
FIG. 56 is a view of a signal line driver circuit. FIG. 57 is a view of a
signal line driver circuit. FIG. 58 is a view of a signal line driver
circuit. FIG. 59 is a view of a signal line driver circuit. 25 FIG. 60 is a
view of a signal line driver circuit. FIG. 61 is a view of a signal line
driver circuit. FIG. 62 is a view of a signal line 'driver circuit. . FIG.
63 is a view of a signal line driver circuit. FIG. 64 is a view of a signal
line driver circuit. . 30 FIG. 65 is a view of a signal line driver
circuit. ' 15   FIG. 66 is a view of a signal line 'driver circuit. FIG. 67
is a view of a signal line driver circuit. FIG. 68 is a view of a signal
line driver circuit. FIG. 69 is a view of a signal line driver circuit. 5
FIG. 70 is a view of a signal line driver circuit. FIG. 71 is a view of a
signal line driver circuit. FIG. 72 is a view of a signal line driver
circuit. FIG. 73 is circuit diagrams of a pixel of a light-emitting device.
FIG. 74 is a timing chart. l0 FIG. 75 is a timing chart. FIG. 76 is a
timing chart. FIG. 77 is a timing chart. FIG. 78 is a timing chart. FIG. 79
is a timing chart. 15 FIG. 80 is a timing chart. FIG. 81 is a timing chart.
FIG. 82 is a timing chart. FIG. 83 is a timing chart. FIG. 84 is a timing
chart. 20 FIG. 85 is a timing chart. FIG. 86 is a timing chart. FIG. 87 is
a layout view of a current source circuit. FIG: 88 is a circuit diagram of
a current source circuit. 25 Best Mode for carrying out the Invention
[Embodiment Mode 1] In this embodiment mode, a description will be made of
an example of a circuit structure of a current source circuit 420 shown in
FIG. 1, which is provided in a signal line driver circuit of the present
invention. 30 Referring to FIG. 1, a setting signal input from a terminal a
corresponds to 16   a video signal supplied from a second latch circuit
413. However, since the video signal is also used to control a pixel, the
video signal is not directly input to the current source circuit 420, but
input thereto via a logical operator. The logical operator enables
switching between the case of using the video signal to 6 control the pixel
(to display an image) and the case .of using the video signal to control
the current source circuit. Specifically, the setting signal input from the
terminal a corresponds to the signal supplied from an output terminal of
the logical operator that is connected to a setting control line ,(not
shown in FIG. 1). The present invention performs setting of the current
source circuit 420 in 



10 accordance with the signal supplied from the output terminal of the
logical operator connected to the setting control line. One of two input
terminals of the ,logical operator is input with the signal (corresponding
to the video signal) supplied from the second latch circuit, and the other
input terminal is input with the signal from the setting control line. The
15 logical operator performs a logic operation of the input two signals,
and outputs a signal from the output terminal. Then, the current source
circuit 420 performs . either a setting operation or an input operation
according to the, signal supplied from the output terminal of the logical
operator. This enables the video signal to be prevented from influencing
the current source circuit while the video signal is 20 used for pixel
control (image display). Assuming that the logical operator is not
arranged, and the setting operation or the input operation of the current
source circuit 420 is performed in accordance with the signal
(corresponding to the video signal) supplied from the second latch circuit,
even while the video signal is used for the pixel control 25 (image
display), the setting operation, the input operation, or the like of the
current source circuit 420 is performed. Thus, to which current source
circuit 420 the setting operation, the input operation, or the like is
performed differs depending on the image display pattern. That is, the
setting operation, the input operation, or the -like of the current source
circuit 420 cannot be properly 30 performed. However, when the
above-described. logical operator is disposed, 17   even while the video
signal is used for pixel control (image display), for example, variation in
a signal of the output terminal of the logical operator can be prevented by
using the signal input from the setting control line to the logical
operator. Consequently, the setting operation, the input operation, or the
like of the current s source circuit 420 can be precisely performed.
According to the present invention, the signal (corresponding to the video
signal) output from the second latch circuit is used for two cases: one
case where the signal is used as, the video signal that is input to the
pixel; and the other case where the signal is used as the setting signal
for the current source circuit. 10 Specifically, when the signal
(corresponding to the video signal) output from the second latch circuit is
used as the video signal that is input to the pixel, the current source
circuit of the signal line driver circuit performs the input operation.
Further, when the signal (corresponding to the video signal) output from
the second latch circuit, is used as the setting signal for the current
source circuit, the 



15 current source circuit performs the setting operation. Thus, if the
video signal that is output from the second latch circuit is input, as it
is, to the terminal a of the current source circuit, when the video signal
is input to the pixel, the current source circuit of the signal line driver
circuit simultaneously performs the setting operation. That is, the current
source circuit 20 of the signal line driver circuit performs the setting
operation and the input operation simultaneously. In this case, since the
video signal varies depending on the image to be displayed, the setting
operation cannot be precisely performed. From the above, in the present
invention, the timing of the setting operation performed by the current
source circuit is controlled by using the signal 25 supplied from the
setting control line. In addition, control is conducted concerning in which
column-current source circuit the setting operation is conducted. As a
result, when the video signal is used as the video signal to be input to
the pixel, the current source circuit in the signal .line driver circuit is
not influenced. In addition; when the video signal is used as the setting
signal for the 30 current source circuit in the signal line driver circuit
to perform the setting 18   operation, control is performed for the setting
control line so that the current source circuit does not perform an input
operation, whereby the setting operation of the current source circuit can
be precisely performed. Note that a shift register has a structure
including, for example, flip-flop 5 circuits (FFs) in a plurality of
columns. A clock signal (S-CLK), a start pulse (S-SP), and an inverted
clock signal (S-CLKb) are input to the shift register, and signals serially
output according to the timing of the input signals are called sampling
pulses. In FIG. 6(A), a circuit including switches 104, 105a, and 116, a
transistor l0 102 (n-channel type), and a capacitor element 103 for
retaining a gate-source voltage VGS of the transistor 102 corresponds to
the current source circuit 420. In the current source circuit 420, the
switch 104 and the switch 105a are turned ON by a signal input via the
terminal a. Then, a current (reference current) is supplied via the
terminal b from the reference constant current source 15 109 (hereinafter
referred to as constant current source 109) connected to the current line,
and a predetermined charge is retained in the capacitor element 103. 



The charge is retained until the current (reference current) supplied from
the constant current source 109 becomes identical with a drain current of
the transistor 102. 20 . Then, the switch 104 and the switch 105a are
turned OFF by a signal input via the terminal a. As a result, since the
predetermined charge is retained in the capacitor element 103, the
transistor 102 is imparted with a capability of flowing a current having a
magnitude corresponding to that of the signal current Ida,a. If the switch
101 (signal current control switch) and the switch 116 are turned into a 25
conductive state, a current flows to a pixel connected to the signal line
via the terminal c. At this time, since the gate voltage of the transistor
102 is maintained by the capacitor element 103 at a predetermined gate
voltage, a drain current corresponding to the signal current Ida~a flows to
the drain region of the transistor 102. Thus, the magnitude of the current
input to the pixel can be controlled . 30 without being influenced by the
variation in characteristics of the transistors t9 ..   constituting the
signal line driver circuit. In the case where the switch 101 (signal
current control switch) is not disposed, when the switch 116 is turned into
a conductive state, a current flows to the pixel connected to the signal
line via the terminal c. 5 The connection structure of the switch 104 and
the switch 105a is not limited to the structures shown in FIG. 6(A). For
example, the structure may be such that one of terminals of the switch 104
is connected to the terminal b, and the other terminal is connected between
itself and the gate electrode of the transistor 102; and one of terminals
of the switch 105a is connected to the terminal b via the 10 switch 104,
and the other terminal is connected to the switch 106. Then, the switch 104
and the switch 105a are controlled by a signal input from the terminal a.
Alternatively, the switch 104 may be disposed between the terminal b and
the gate electrode of the transistor 102, and the switch 105a may be
disposed 15 between the terminal b and the switch 116. Specifically,
referring to FIG. 38(A), wirings, switches, and the like may be disposed
such that the connection is structured as shown in FIG. 38(A1) in the
setting operation, and the connection is structured as shown in FIG. 38(A2)
in the input operation. The number of wirings, the number of switches, and
the structure are not particularly limited. 20 In the current source
circuit 420 of FIG. 6(A), the signal setting operation (setting operation)
cannot be performed simultaneously with the signal inputting operation
(input operation) to the pixel. Referring to FIG. -6(B), a circuit
including a switch 124, a switch 125a, a transistor 122 (n-channel type), a
capacitor element 123 for retaining a gate-source 25 voltage VGS of the
transistor 122, and a transistor 126 (n-channel type) corresponds to the
current source circuit 420. The transistor 126 functions as either a switch
or a part of a current source transistor. In the current source circuit
420, the switch 124 and the switch 125 are 30 turned ON by , a signal input
'via the terminal a. Then, . a current (reference 20   



current) is supplied via the terminal b from the constant current source
109 connected to the current line, and a predetermined charge is retained
in the capacitor element 123. The charge is retained until the current
(reference current) flown from the constant current source 109 becomes
identical with a 5 drain current of the transistor 122. Note that, when the
switch 124 is turned ON, since a gate-source voltage VGS of the transistor
126 is set to 0 V, the transistor 126 is turned OFF. Subsequently, the
switch 124 and the switch 125 are turned OFF. As a result, since the
predetermined charge is retained in the capacitor element 123, the l0
transistor 122 is imparted with a capability of flowing a current having a
magnitude corresponding to that of the signal current Iaata. If the switch
101 (signal current control switch) is turned into the conductive state, a
current flows to a pixel connected to the signal line via the terminal c.
At this time, since the gate voltage of the transistor 122 is maintained by
the capacitor element 123 at a 15 ~ predetermined gate voltage, a drain
current corresponding to the signal current Idata . flows to the drain
region of the transistor 122. Thus, the magnitude of the current that is
input to the pixel can be controlled without being influenced by the
variation in characteristics of the transistors constituting the signal
line driver circuit. 20 When the switches 124 and 125 have been turned OFF,
gate and source potentials of the transistor 126 are varied not to be the
same. As a result, since the charge retained in the capacitor element 123
is distributed also to the transistor 126, and the transistor 126 is
automatically turned ON. Here, the transistors 122 and 126 are connected in
series, and the gates thereof are connected. 25 Accordingly, the
transistors 122 and 126 each serve as a mufti-gate transistor. That is, a
gate length L of the transistor varies between the setting operation and
the input operation. Therefore, the value of the current supplied ~ from
the terminal b at the time of the setting operation can be made larger than
the value of the current supplied from the terminal c at the time of the
input operation. Thus, 30 various loads (such as wiring resistances and
cross capacitances) disposed 21   between the terminal b and the reference
constant current source can be charged even faster. Consequently, the
setting operation can be completed quickly. In the case where the switch
101 (signal current control switch) is not disposed, when the switch 126 is
turned into the conductive state, a current flows via the 5 terminal c to
the pixel connected to the signal line. The number of wirings, the number
of switches, and the structures are not particularly limited. Specifically,
referring to FIG. 38(B), wirings and switches may be disposed such that the
connection is structured as shown in FIG. 38(B1) in the setting operation,
and the connection is structured as shown in FIG. 38(B2) in 10 the input
operation. In particular, in FIG. 38(C2), it is sufficient that the charge
accumulated in a capacitor element 107 does not leak. Note that,, in the
current source circuit 420 of FIG. 6(B), the signal setting operation
(setting operation) cannot be performed simultaneously with the signal
inputting operation (input operation) to the pixel. 



is Referring to FIG. 6(C), a circuit including a switch .108, a switch 110,
transistors 105b, 106 (n-channel type), and a capacitor element 107 for
retaining gate-source voltages VGS of the transistors 150b and 106
corresponds to the current source circuit 420. In the current source
circuit 420; the switch 108 and the switch 110 are 20 turned ON by a signal
input via the terminal a. Then, a current (reference current) is supplied
via the terminal b from the constant current source 109 connected to the
current line, and a predetermined charge is retained in the capacitor
element 107. The charge is retained until the current (reference current)
flown from the constant current source 109 becomes identical with a 25
drain current of the transistor 105b. At this time, since the gate
electrodes of the transistor 105b and, of the transistor 106 are connected
to each other, the gate voltages of the transistor 105b arid the transistor
106 are retained by the capacitor element 107. Then, the switch 108 and the
switch 110 are turned OFF by a signal input 3o via the terminal a. As a
result, since the predetermined charge is retained in the 22   capacitor
element 107, the transistor 106 is imparted with a capability of flowing a
current having a magnitude corresponding to that of the current (reference
current). If the switch 101 (signal current control switch) is turned to
the conductive state, a current flows to a pixel connected to the signal
line via the terminal c. At this b tithe, since the gate voltage of the
transistor 106 is maintained by the capacitor element 107 at a
predetermined gate voltage, a drain current corresponding to the current
(reference current) flows to the drain region of the transistor 106. Thus,
the magnitude of the current input to the pixel can be controlled without
being influenced by the variation in characteristics of the transistors
constituting the 10 signal line driver circuit. Note that, in the case
where the switch 101 (signal current control switch) is not disposed, a
current flows to the pixel connected to the signal line via the terminal c.
At this time, characteristics of the transistor 105b and the transistor 106
15 need to be the same to cause the drain current corresponding to the
signal current Iaata to flow precisely to the drain region of the
transistor 106. To be more specific, values such as mobilities and
thresholds of the transistor 105b and the transistor 106 need to be the
same. ~ In addition, in FIG. 6(C), the value of W (gate width)/L (gate
length) of each of the transistor 105b and the transistor 106 20 may be
arbitrarily. set, and a current proportional to the current supplied from
the constant current source 109 may be flown to the pixel. Further, the
value of W/I, of the transistor 105b or the transistor 106 that is
connected to the constant current source 109 is set high, whereby the write
speed can be increased by supplying a large current from the constant
current 25 source 109. 



With the current source circuit 420 shown in FIG. 6(B), the signal setting
operation (setting operation) can be performed simultaneously with the
signal inputting operation (input operation) to the pixel. Each of the
current source circuits 420 of FIGS. 6(D) and 6(E) has the 30 same circuit
element connection structures as that of the current source circuit 420 23
of FIG. 6(C), except for the' connection structure of the switch 110. In
addition, since the operation of the current source circuit 420 of each of
FIGs. 6(D) and 6(E) conforms to the operation of the current source circuit
420 of FIG. 6(C), a description thereof will be omitted here. 5 ~ ~ Note
that, the number of wirings, the number of switches, and the structures are
not particularly limited. Specifically, referring to FIG. 38(C), wirings
and switches may be disposed such that the connection is structured as
shown in FIG. 38(C1) in the setting operation, and the connection is
structured as shown in FIG. 38(C2) in the input operation. In particular,
in FIG. 38(C2), it is l0 sufficient that the charge accumulated in the
capacitor element 107 does not leak. Referring to FIG. 39(A), a circuit
including switches 195b, 195c, 195d, and 195f, a transistor 195a, and a
capacitor element 195e corresponds to the current source circuit. In the
current source circuit shown in FIG. 39(A), the switches 195b, 195c, 195d,
and 195f are turned ON by a signal input via the i5 terminal a. Then, a
current is supplied via the terminal b from the constant current source 109
connected to the current line.. A predetermined charge is retained in the
capacitor element 195e until the signal current supplied from the constant
current source 109 becomes identical with a drain current of the transistor
195a. 20 Then, the switches 195b, 195c, 195d, and 195f are turned OFF by a
signal input via the terminal a. At this time, since the predetermined
charge is retained in the capacitor element 195e, the transistor 195a is
imparted with a capability of flowing a current having a magnitude
corresponding to that of the signal current. This is because the gate
voltage of the transistor 195a is set by the capacitor 25 element 195a to a
predetermined gate voltage, and a drain current corresponding to a current
(reference current) flows to the drain region of the transistor 195a. In
this state, a current is supplied to the outside via the terminal c. Note
that, in . the current source circuit shown in FIG. 39(A), the operation
for setting the current source circuit to have a capability of flowing a
signal current cannot be ' 30 performed simultaneously with the input
operation for inputting the signal current -. . 24   to the pixel. In
addition, when a switch controlled by the signal input via the terminal a
is ON, and also, when a current is controlled not to flow from the terminal
c, the terminal c needs to be connected to another wiring of the other
potential. Here, the wiring potential is represented by Va. Va may be a 5
potential sufficient to flow a current flowing from the terminal b as it
is, and may be a power supply voltage Vdd as an example. 



Note that, the number of wirings, the number of switches, and the
structures are not particularly limited. Specifically, referring to FIGs.
39(B) and 39(C), wirings and . switches may be disposed such that the
connection is l0 structured as shown in either FIG. 39(B1) or 39(C1) in the
setting operation, and the connection is structured as shown in either FIG.
39(B2) or 39(C2) in the input operation. Further, in the current source
circuits of FIGs. 6(A) and 6(C) to 6(E), the current-flow directions
(directions from the pixel to the signal line driver circuit) 15 are the
same. The polarity (conductivity type) of each of the transistor 102, the
transistor 105b, and the transistor 106 can be of p-channel type. FIG. 7(A)
shows a circuit structure in which the current-flow direction (direction
from the pixel to the signal line driver circuit) is the same, and the
transistor 102 shown in FIG. 6(A) is set to be of p-channel type. In FIG.
6(A), 2o with the capacitor element disposed between the gate and the
source, even when the source potential varies, the gate-source voltage can
be maintained. Further, FIGs. 7(B) to 7(D) show circuit diagrams in which
the current-flow directions (directions from the pixel to the signal line
driver circuit) are the same, and the transistor 105b and the transistor
106 shown in FIGS. 6(C) to 6(E) are set to be of 25 p-channel type.
Further, FIG. 40(A) shows a case where the transistor 195a is set to be of
p-channel type in the structure of FIG. 39. FIG. 40(B) shows a case where
the transistors 122 and 126 are set to be of p-channel type in the
structure of FIG. 6(B). 30 - Referring to FIG. 42, a circuit including
switches 104 and 116, a transistor 25   102, a capacitor element 103,' and
the like corresponds to the current source circuit. FIG. 42(A) corresponds
to the circuit of FIG. 6(A) that is partly modified. In the current source
circuit of FIG. 42(A), the transistor gate width W varies 5 between the
setting operation of the current source and the input operation.
Specifically, in the setting operation, the connection is structured as
shown in FIG. 42(B), in which the gate width W is large. In the input
operation, the connection is structured as shown in FIG. 42(C), in which
the gate width W is small. Therefore, the value of the current supplied
from the terminal b at the time of the to setting operation can be made
larger than the value of the current supplied from the terminal c at the
time of the input operation. Thus, various loads (such as wiring
resistances and cross capacitances) disposed between the terminal b and the
reference constant current source can be charged even faster. Consequently,
the setting operation can be completed quickly. 15 Note that, FIG. 42 shows
the circuit of FIG. 6(A) that is partly modified. In addition, the circuit
can be easily applied to, for example, other circuits shown in FIG. 6 and
to the circuits shown in FIG. 7, FIG. 39, FIG. 40, and FIG. 41. Note that,
in each of the current source circuits shown in FIGS. 6, 7, and 39, a
current flows from the pixel to the signal line driver circuit. However,
the 20 current not only flows from the pixel to the signal line driver
circuit, but also may flow from the signal line driver circuit to the
pixel. The direction of the current flow depends on the pixel structure. In
the case where the current flows from the signal line driver circuit to the
pixel, Vss (low potential power source) may be changed to Vdd (high
potential power source), and the transistors 102, 105b, 106, 25 122, and
126 may be set to be of p-channel type in FIG. 6. Also in FIG. 7, Vss may
be changed to Vss, and the transistors 102, 105b, and 106 may be of
n-channel type. Note that, in a11 the current source circuits described
above, the disposed capacitor element may not be disposed by being
substituted by, .for example, a 30 gate capacitance of a transistor. . . 



26   In the circuits of FIGS. 7(A) to 7(D) and 40(A) and 40(B), wirings
arid switches may be disposed such that the connection is structured as
shown in FIGs. 41(A1) to 41(D1) in the setting operation, and the
connection is structured as shown in FIGs. 41 (A2) to 41 (D2) in the input
operation. The number of wirings 5 and the number' of switches are not
particularly limited. Hereinafter, a description will be made in detail
regarding the operations of the current source circuits of FIGS. 6(A),
7(A), 6(C) to 6(E), and 7(B) to 7(D) among those described above by using
FIGS. 6 and 7. To begin with, the operations of the current source circuits
of FIGs. 6(A) and 7(A) will be described io with reference to FIG. 19.
FIGS. 19(A) to 19(C) schematically show paths of a current flowing among
circuit elements. FIG. 19(D) shows the relationship between the current
flowing through each path and the time in writing the signal current Idata
to the current source circuit. FIG. 19(E) shows the relationship between
the voltage 15 accumulated in a capacitor element 16, that is, the
gate-source voltage of a transistor 15, and the time in writing the signal
current Idata to the current source circuit. In the circuit diagrams of
FIGs. 19(A) to 19(C), numeral 11 denotes a reference constant current
source, switches 12 to 14 each are a semiconductor device having a.
switching function, numeral 15 denotes a transistor (n-channel 20 type),
numeral 16 denotes a capacitor element, and numeral 17 denotes a pixel. In
this embodiment mode, the switch 14, the transistor 15, and the capacitor
element 16 form an electric circuit corresponding to a current source
circuit 20. Drawing wirings and reference symbols are shown in FIG. 19(A).
Since drawing wirings and reference symbols shown in FIGs. 19(B) and 19(C)
are similar to 25 those shown in FIG. 19(A), they are omitted here. A
source region of the n-channel transistor 15 is connected to Vss, and a
drain region thereof is connected to the reference constant current source
11. One of electrodes of the capacitor element 16 is connected to Vss (the
source of the transistor 15), and the other electrode is connected to the
switch 14 (the gate of 30 the transistor 15).. The capacitor element 16
plays. a role of holding the 27   gate-source voltage of the transistor 15.
The pixel 17 is formed of a light emitting element, a transistor, or the
like. The light emitting element includes an anode, a cathode, and a light
emitting layer 



sandwiched between the anode and the cathode. In this specification, when
the 5 anode is used as a pixel electrode, the cathode is referred to as an
opposing electrode; in contrast, when the cathode is used as a pixel
electrode, the anode is referred to as an opposing electrode. The light
emitting layer can be formed of a known light emitting material. The light
emitting layer has two structures: a single layer structure and a laminate
structure, and the present invention may use 10 any one of known
structures. Luminescence in the light emitting layer includes light
emission (fluorescence) in returning from a singlet excited state to a
normal state and light emission (phosphorescence) in returning from a
triplet excited state to a normal state. The present invention may be
applied to a light emitting device using either one or both of the two
types of light emission. Further, the 15 light emitting layer is formed of
a known material such as an organic material or an inorganic material. Note
that, in practice, the current source circuit 20 is provided in the signal
line driver circuit. A current corresponding to the signal current Idata
flows via, for example, a circuit element included in the signal line or
the pixel from the 20 current source circuit 20 provided in the signal line
driver circuit. However, since FIG. 19 is a diagram for briefly explaining
the outline of the relationship among the reference constant current source
11, the current source circuit 20, and the pixel 17, a detailed
illustration of the structure is omitted. First, an operation (setting
operation) of the current source circuit 20 for 25 retaining the signal
current Idata will be described by using FIGS. 19(A) and 19(B). Referring
to FIG. 19(A), the switch 12 and the switch 14 are turned ON, and the
switch 13 is turned OFF In this state, the signal current Idata is output
from the reference constant current source 11, and flows to the current
source circuit 20 from the reference constant current source 11. At this
time, since the signal 30 current Idata is flowing from the reference
constant current source 11, the current .. 28   flows separately through
current paths I1 and I2 in the current source circuit 20, as shown in FIG.
19(A). FIG. 19(D) shows the relationship at this time. Needless to say, the
relationship is expressed as Idata = Ii + I2. The moment the current starts
to flow from the reference constant current b source 11, since no charge is
accumulated in the capacitor element 16, the transistor 15 is OFF
Accordingly, I2 = 0 and Iaaca = I1 are established. Charge is gradually
accumulated into the capacitor element 16; and a potential difference
begins to occur between both electrodes of the capacitor element 16 (FIG.
19(E)). When the potential difference of both the electrodes l0 has reached
V,,, (point A in FIG. 19(E)), the transistor 15 is turned ON, and IZ>0 is 



established. As described above, since Idata = I1 + Ii, while I1 gradually
decreases, the current keeps flowing. Charge accumulation is continuously
performed in the capacitor element 16. The potential difference between
both the electrodes of the capacitor 15 element 16 serves as the
gate-source voltage of the transistor 15. Thus, charge accumulation in the
capacitor element 16 continues until the gate-source voltage of the
transistor 15 reaches a desired voltage, that is, a voltage (VGS) that
allows the transistor is to be flown with the current Idata. When charge
accumulation terminates (B point in FIG. 19(E)), the current I1 stops
flowing. Further, since 2o the TFT 15 is ON, Idaca = Ii is established
(FIG. 19(B)). Next, an operation (input operation) for inputting the signal
current Idata to the pixel will be described by using FIG. 19(C). When the
signal current Ida,a is input to the pixel, the switch 13 is turned ON, and
the switch 12 and the switch 14 are turned OFF Since VGS written in the
above-described operation is held in 25 the capacitor element 16, the
transistor 15 is ON. A current identical with the signal current Idata
flows to Vss via the switch 13 and transistor 15, and the input of the
'signal current Idaca to the pixel is then completed. At this time, when
the transistor 15 is set to operate in a saturation region, even if the
source-drain voltage of the transistor 15 varies, a constant current is
supplied to the light 30 emitting element.  29   In the current source
circuit 20 shown in FIG. 19, as shown in FIGS. 19(A) to 19(C), the
operation is divided into an operation (setting operation; corresponding to
FIGS. 19(A) and 19(B)) for completing a write of the signal current Idata
to the current source circuit 20, and an operation (input operation; 5
corresponding to FIG. 19(C)) for inputting the signal current Idaca to the
pixel). Then, in the pixel, a current is supplied to the light emitting
element in accordance with the input signal current Idata. The
current-source circuit 20 of FIG. 19 is not capable of performing the
setting operation and the input operation simultaneously. In the case where
the to setting operation and the input operation need to be performed
simultaneously, at least two current source circuits are preferably
provided to each of a plurality of signal lines each of which is connected
with a plurality of pixels and which are provided in a pixel portion.
However, if the setting operation can be performed within a period during
which the signal current Idata is not input to the pixel, only 15 one
current source circuit may be provided for each signal line (each column).
Although the transistor 15 of the current source circuit 20 shown in each
of FIGS. 19(A) to 19(C) is of n-channel type, the transistor 15 of , the
current source circuit 20 may be of p-channel type, of course. Here, a
circuit diagram for the case where the transistor 15 is of p-channel type
is shown .in FIG. 19. 20 Referring to FIG. 19(F), numeral 31 denotes a
reference constant current source, switches 32 to 34 each are a
semiconductor device (transistor) having a switching function, numeral 35
denotes a transistor (p-channel type), numeral 36 denotes a capacitor
element, and numeral 37 denotes a pixel. In this embodiment mode, the
switch 34, the transistor 35, and the capacitor element 36 form an electric
25 circuit corresponding to a current source circuit 24. The transistor 35
is of p-channel type. One of a source region and a drain region of the
transistor 35 is connected to Vdd, and the other is connected to the
constant current source 31. One of electrodes of the capacitor element 36
is connected to Vdd, and the other electrode is -connected to the switch
36. The 30 capacitor element 36 plays a role of holding the gate-source
voltage of the . 30   



transistor 35. Operation of the current source circuit 24 of FIG. 19(F) is
similar to the operation of the current source circuit 20 described above,
except for the current-flow direction, and thus, a description thereof will
be omitted here. In 5. the case of designing the current source circuit in
which the polarity of the transistor 15 is changed without changing the
current-flow direction, the circuit diagram of FIG. 7(A) may be referenced.
Note that in FIG. 43, the current-flow direction is the same as in FIG.
19(F), in which the transistor 35 is of n-channel type. The capacitor
element 36 l0 is connected between the gate and the source of the
transistor 35. The source potential of the transistor 35 varies between the
setting operation and the input operation. However, even when the source
potential varies, since the gate-source voltage is retained, a normal
operation is implemented. Next, operations of the current source circuits
shown in FIGs. 6(C) to 6(E) i5 and FIGS. 7(B) to 7(D) will be described by
using FIGS. 20 and 21. FIGS. 20(A) to 20(C) schematically show paths
through which a current flows among circuit elements. FIG. 20(D) shows the
relationship between the current flowing through each path and the time, in
writing the signal current Ida~a to the current source circuit. FIG. 20(E).
shows the relationship between the voltage 20 accumulated in a capacitor
element 46, that is, the gate-source voltages of transistor 43, 44, and the
time in writing the signal current Idata to the current source circuit. '
Further, in the circuit diagrams of FIGS. 20(A) to 20(C), numeral 41
denotes a reference constant current source, a switch 42 is a semiconductor
device having a switching function, numerals 43 and 44 denote transistors
25 (n-channel type), numeral 46 denotes a capacitor element, and numeral 47
denotes a pixel. In this embodiment mode, a circuit including the switch
42, the transistors 43 and 44, and the capacitor element 46 is an electric
circuit corresponding to a current source circuit 25. Note that drawing
wirings and reference symbols are shown in FIG. 20(A), and since drawing
wirings and 30 reference symbols shown in FIGS. 20(B) and 20(C) conform to
those shown in 31   FIG. 20(A), they are omitted. A source region of the
n-channel transistor 43 is connected to Vss, and a drain region thereof is
connected to the reference constant current source 41. A source region of
the n-channel transistor 44 is connected to Vss, and a drain 5 region
thereof is connected to a terminal 48 of the light emitting element 47. One
of electrodes of the capacitor element 46 is connected to Vss (the sources
of the transistors 43 and 44), and the other electrode thereof is connected
to the gate electrodes of the transistors 43 and 44. The capacitor element
46 plays a role of holding gate-source voltages of the transistors 43 and
44. 10 Note that, in practice, the current source circuit 2S is provided in
the signal line driver circuit. A current corresponding to the signal
current Idata flows via, for example, a circuit element included in the
signal line or the pixel, from the current source circuit 25 provided in
the signal line driver circuit. However, since FIG. 20 is a diagram for
briefly explaining the outline of the relationship 15 among the reference
constant current source 41, the current source circuit 25, and the pixel
47, a detailed illustration of the structure is omitted. In the current
source circuit 25 of FIG. 20, the sizes of the transistors 43 and 44 are
important. Hereinafter, using different reference symbols, a case where the
sizes of the transistors 43 and 44 are identical and a case the sizes are
20 mutually different will be described. Referring to FIGs. 20(A) to 20(C),
the case where the sizes of the transistors 43 and 44 are mutually ~
identical will be described by using the signal current Idata. The case
where the sizes of the transistors 43 and 44 are mutually different will be
described by using a signal current Natal and a signal current Idata2. Note
that the sizes of the transistors 43 



25 and 44 are determined using the value of W (gate width)/L (gate length)
of each transistor. First, the case where the sizes of ~ the transistors 43
and 44 are mutually identical will be described. To begin with, operation
for retaining the signal current Idata in the current source circuit 20
will be described by using FIGs. 20(A) .30 and 20(B). Referring to FIG.
20(A), when the switch 42 is turned ON, the signal 32   current Idata is
set in the reference constant current source 41, and flows from the
reference constant current source 41 to the current source circuit 25. At
this time, since the signal current Ida,a is flowing from the reference
constant current source 41, the current flows separately through current
paths I1 and Iz in the current 5 source circuit 20, as shown in FIG. 20(A).
FIG. 20(D) shows the relationship at this time. Needless to say, the
relationship is expressed as Idata = Ii + Iz. The moment the current starts
to flow from the reference constant current source 41, since no charge is
yet accumulated in the capacitor element 46, the transistors 43 and 44 are
OFF. Accordingly, Iz = 0 and Idata = Ii are established. 10 Then, charge is
gradually accumulated into the capacitor element 46, and a potential
difference begins to occur between both electrodes of the capacitor element
46 (FIG. 20(E)). When the potential difference of both the electrodes has
reached V,h (point A in FIG. 20)), the transistors 43 and 44 are turned ON,
and Iz>0 is established. As described above, since Idata = h + Iz, while I1
gradually 15 decreases, the current keeps flowing. Charge accumulation is
continuously performed in the capacitor element 46. The potential
difference between both the electrodes of the capacitor element 46 serves
as the gate-source voltage of each of the transistors 43 and 44. Thus,
charge accumulation in the capacitor element 46 continues until the 20
gate-source voltages of the transistors 43 and 44 each reach a desired
voltage, that is, a voltage (VGS) that allows the transistor 44 to be flown
with the current Idata. When charge accumulation terminates (B point in
FIG. 20(E)), the current I1 stops flowing. Further, since the transistors
43 and 44 are ON, Iaaca = Iz is established (FIG. 20(B)). 25 Next,
operation for inputting the signal current Ida,a to the pixel will be
described by using FIG. 20(C). First, the switch 42 is turned OFF. Since
predetermined charge is retained in the capacitor element 46, the
transistors 43 and 44 are ON. A current identical with the signal current
Idata flows from the pixel 47. Thus, the signal current Ida~a is input to
the pixel. At this time; when 30 the transistor 44 is set to operate in a
saturation region, even if the source-drain . ~ 33   voltage of the
transistor 44 varies, the current flowing in the pixel can be flown without
variation. In the case of a current mirror circuit shown in FIG. 6(C), even
when the switch 42 is not turned OFF, a current can be flown to the pixel
47 by using the 5 current supplied from the reference constant current
source 41. That is, the setting operation for setting a signal for the
current source circuit 20 can be implemented simultaneously with the
operation (input operation) for inputting a signal to the pixel. Next, a
case where the sizes of the transistors 43 and 44 are mutually 10 different
will be described. An operation of the current source circuit 25 is similar
to the above-described operation; therefore, a description thereof will be
omitted here. When the sizes of the transistors 43 and 44 are mutually
different, the signal current Idatai set in the reference constant current
source 41 is inevitably different from the signal current Idataa that flows
to the pixel 47. The difference 15 therebetween depends on the difference
between the values of W (gate width)/L (gate length) of the transistors 43
and 44. In general, the W/L value of the transistor 43 is preferably set
larger than 



the W/L value of the transistor 44. This is because the signal current
Idatal Can be increased when the W/L value of the transistor 43 is set
large. In this case, when 20 the current source circuit is set with the
signal current Ida,a~, Loads (cross capacitances, wiring resistances) can
be charged. Thus, the setting operation can be completed quickly. The
transistors 43 and 44 of the current source circuit 25 in each of FIGs.
20(A) to 20(C) are of n-channel type, but the transistors 43 and 44 of the
current 25 source circuit 25 may be of p-channel type. Here, FIG. 21 shows
a circuit diagram in which the transistors 43 and 44 are of p-channel type.
Referring to FIG. 21, numeral 41 denotes a constant current source, a
switch 42 is a semiconductor device having a switching function, numerals
43 and 44 denote transistors (p-channel type), numeral 46 denotes - a
capacitor element; 30 and numeral 47 denotes a pixel. In this embodiment
mode, the switch 42, the . 34   transistors 43 and 44, and the capacitor
element 46 form an electric circuit corresponding to a current source
circuit 26. A source region of the p-channel transistor 43 is connected to
Vdd, and a drain region thereof is connected to the constant current source
41. A source 5 region of the p-channel transistor 44 is connected to Vdd,
and a drain region thereof is connected to a terminal 48 of the light
emitting element 47. One of electrodes of the capacitor element 46 is
connected to '(source), and the other electrode is connected to the gate
electrodes of the transistors 43 and 44. The capacitor element 46 plays a
role of holding gate-source voltages of the transistors l0 43 and 44.
Operation of the current source circuit 24 of FIG. 21 is similar to that
shown in each of FIGS. 20(A) to 20(C) except for the current-flow
direction, and thus, a description thereof will be omitted here. In the
case of designing the current source circuit in which the polarities of the
transistors 43 and 44 are 15 changed without changing the current-flow
direction, the circuit diagram of FIG. 7(B) rnay be referenced. In
addition, the transistor polarity can be changed without changing the
current-flow direction. This conforms to the operation illustrated in FIG.
43, so that a description thereof will be omitted here. 20 In summary, in
the current source circuit of FIG. 19, the current having the same
magnitude as that of the signal current Idata set in the current source
flows to the pixel. In other words, the signal current Idata set in the
constant current source is identical in value with the current flowing to
the pixel. The current is not influenced by variation in characteristics of
the transistors provided in the 25 current source circuit. In each of the
current source circuits of FIG. 19 and FIG. 6(B), the signal current Idata
cannot be output to the piXel from the current source circuit in a period
during which the setting operation is performed. Thus, two current source
circuits are preferably provided for each signal line, in which an
operation (setting 30 operation) for setting a signal is performed to one
of the , current source circuits, 35   and an operation (input operation)
for inputting Ida,a to the pixel is performed using the other current
source circuit. However, in the case where the setting operation and the
input operation 



are not performed at the same time, only one current source circuit may be
5 provided for each column. The current source circuit of each of FIGS.
39(A) and 40(A,) is similar to the current source circuit of FIG. 19,
except for the connection and current-flow paths. The current source
circuit of FIG. 42(A) is similar, except for the difference in magnitude
between the current supplied from the constant current source and the
current, flowing from the current source circuit. 10 The current source
circuits of FIGs. 6(B) and 40(B) are similar, except for the difference in
magnitude between the current supplied from the constant current source and
the current flowing from the current source circuit. Specifically, in FIG.
42(A), only the gate width W of the transistor is different between the
setting operation and the input operation; in FIGS. 6(B) and 40(B), only
the gate length L 15 is different between the setting operation and the
input operation; and others are similar to those of the structure of the
current source circuit in FIG. 19. In each of the current source circuits
of FIGS. 20 and 21, the signal current laaca set in the constant current
source and the value of the current flowing to the pixel are dependent on
the sizes of the two transistors provided in the current 20 source circuit.
In other words, the signal current Idata set in the constant current source
and the current flowing to the pixel can be arbitrarily changed ~ by
arbitrarily designing the sizes (W (gate width)/L (gate length)) of the two
transistors provided in the current source circuit. However, output of
precise signal current Ida,a to the pixel is difficult in the case where
variation is caused in 25 the characteristics of the two transistors, such
as threshold values and mobilities. Further, in each of the current source
circuits of FIGS. 20 and 21, the signal can be input to the pixel during
the setting operation. That is, the setting operation for setting the
signal can be performed simultaneously with the operation (input operation)
for inputting the signal to the pixel. Thus, unlike the 30 current source
circuit of FIG. 19, two current . source circuits do not need to be ' 36 .
.   provided in a single signal line. The present invention with the above
structure can suppress the influence of variation in the TFT
characteristics and supply a desired current to the outside. 5 [Embodiment
Mode 2] The above has described that, for the current source circuit shown
in FIG. 19 (or, FIG. 6(B), 40(B), 42(A), or the like), preferably, two
current source circuits are provided for each signal line (each column),,
in which one of the current source circuits is used to perform the setting
operation, and the other current source l0 circuit is used to perform the
setting operation. This is because the setting operation and the input
operation cannot be performed simultaneously. In this embodiment mode, the
structure and operation of either the first current source circuit 421 or
the second current source circuit 422 shown in FIG. 2 will be described
with reference to FIG. 8. 15 Note that the signal line driver circuit
includes the current source circuit 420, the shift register, the latch
circuits, and the like In the present invention, a setting signal input
from a terminal a corresponds to a video signal supplied from a second
latch circuit 413.. That is, the setting signal in FIG... 2 corresponds to
the video signal supplied from the 



20 second latch circuit 413. However, since the video signal is also used
to control a pixel, the video signal is not directly input to the current
source circuit 420, but input thereto via a logical operator. The logical
operator enables switching between the case of using the video signal to
control the pixel (to display an image) and the case of using the video
signal to control the current source circuit. 25 Specifically, the setting
signal input from the. terminal a corresponds to the signal supplied from
an output terminal of the logical operator that is connected to a setting
control line (not shown in FIG. 1). The present invention performs setting
of the current source circuit 420 in accordance with the timing of the
signal supplied from the output terminal of the logical operator and the
control line. 30 One of two input terminals of the logical operator is
input with the signal .. 37   (corresponding to the video signal) supplied
from the second latch circuit, 'and the other input terminal is input with
the signal from the setting control line. The logical operator performs a
logic operation of the input two signals, and outputs a signal from the
output terminal. Then, the current source circuit performs either 6 a
setting operation or an input operation according to the signal input from
the output terminal of the logical operator. The current source circuit 420
is controlled by a setting` signal input via the terminal a and a signal
input via the terminal d, is supplied with a current (reference current)
from the terminal b, and outputs a current proportional to the l0 current
(reference current) from the terminal c. Referring to FIG. 8(A), a circuit
including switches 134 to 139, a transistor 132 (n-channel type), and a
capacitor element 133 for retaining a gate-source voltage VGS of the
transistor 132 corresponds to the first current source circuit 421 or the
second current source circuit 422. 15 In the first current source circuit
421 or the second current source circuit 422, the switch 134 and the switch
136 are turned ON by the signal input via the terminal a. Further, the
switch l35 and the switch 137 are turned ON by the signal input from the
control line via the terminal d. Then, a current (reference current) is
supplied via the terminal b from the reference constant current source 20
109 connected to the current line, and a predetermined charge is retained
in the capacitor element 133. The charge is retained in the capacitor
element 133 until the current (reference current) that flows from the
constant current source 109 becomes identical with a drain current of the
transistor 132. Subsequently, the switches 134 to 137 are turned OFF by the
signals input 25 through the terminals a and d. As a result, since the
predetermined charge is retained in the capacitor element 133, the
transistor 132 has a capability of flowing a current having a magnitude
corresponding to that of the signal current Iaaea. If the switch 101
(signal current control switch), the switch 138, and the switch 139 are
turned to the conductive state, current flows to a pixel connected to 30
the signal line via a terminal c. At this time, since the gate voltage of
the 38 



transistor 132 is maintained at a predetermined gate voltage by the
capacitor element 133, a drain current corresponding to the signal current
Ida~a flows to the drain region of the transistor 132. Thus, the magnitude
of the current flown through the pixel can be controlled without being
influenced by the variation in 5 characteristics of the transistors
constituting the signal line driver circuit. In the case where the switch
101 (signal current control switch) is not disposed, when the switches 138
and 139 are turned to the conductive state, current flows to the pixel
connected to the signal line via the terminal c. Referring to FIG. 8(B), a
circuit including switches 144 to 147; a l0 transistor 142 (n-channel
type), a capacitor element 143 for retaining a gate-source voltage VGS of
the transistor 142, and a transistor 148 (n-channel type) corresponds to
the first current , source circuit 421 or the second current source circuit
422. In the first current source circuit 421 or the second current source
circuit 15 422, the switch 144 and the switch 146 are turned ON by the
signal input via the terminal a. Further, the switch 145 and the switch 147
are turned ON by the signal input from the control line via the terminal d.
Then, a current (reference current) is supplied via the terminal b from the
constant current source 109 connected to the current line, and a charge is
retained in the .capacitor element 143. 20 The charge is retained in the
capacitor element 143 until the current (reference current) that is flown
from the constant current source 109 becomes identical with a drain current
of the transistor 142. When the switch 144 and the switch 145 are turned
ON, since a gate-source voltage VGS of the transistor 148 is set to 0 V,
the transistor 148 is automatically turned OFF. 25 ~ Subsequently, the
switches 144 to 147 are turned OFF by the signals input via the terminals a
and d. As a result, since the predetermined charge is retained in the
capacitor element 143, the transistor 142 has a capability of flowing a
current having a magnitude corresponding to that of the signal current
Idata. If the switch 101 (signal current control switch) is turned to the
conductive state, current 30 is supplied to a pixel connected to the signal
line via the terminal c. At this time, 39   the gate voltage of the
transistor 142 is previously set to a predetermined gate voltage by the
capacitor element 143, and a drain current corresponding to the signal
current Ida,a flows to the drain region of the transistor 142. Thus, the
magnitude of the current flown through the pixel can be controlled without
being 5 influenced by the variation in characteristics of the transistors
constituting the signal line driver circuit. When the switches 144 and 145
are turned OFF, a gate and a source of the transistor 142 do not have the
same potential. As a result, since the charge retained in the capacitor
element 143 is distributed also to the transistor 148, and to the
transistor 148 is automatically turned ON. Here, the transistors 142 and
148 are coupled in series, and the gates thereof are connected to each
other. Therefore, the transistors 142 and 148 each operate as a multi-gate
transistor. That is, a gate length L of the transistor differs between the
setting operation and the input operation. Thus, the value of current
supplied from the terminal b in 15 the setting operation can be made larger
than the value of current supplied from the terminal c in the input
operation. Thus, various loads (such as ~ wiring resistance and cross
capacitance) disposed between the terminal b and the reference constant
current source can be charged even faster. Consequently, the setting
operation can be completed quickly. In the case where the switch 101 20
(signal current control switch) is not .disposed, when the switches 144 and
145 are turned OFF, current flows to the pixel connected to the signal Iine
via the terminal c. Note that FIG. 8(A) corresponds to a structure in which
the terminal d is added to the structure of FIG. 6(A). FIG. 8(B)
corresponds to a structure in 25 which the terminal d is added to the
structure of FIG. 6(B). Thus, the structures of FIGs. 6(A) and 6(B) are
added with switches arranged in series, thereby being modified to those of
FIGs. 8(A) and 8(B) each of which is added with the terminal d. The
structure of the current source circuit shown in, for example, FIG. 6, 7,
39, 40, or 42 can be arbitrarily used by arranging two switches in series
in the first 30 current source circuit 421 or the second current source
circuit 422. 40 . .   The structure in which the current source circuit 420
including for each signal line the two current source circuits, namely, the
first and second current source circuits 421 and 422, is shown in FIG. 2.
However, the present invention is not limited to this. The number of
current source circuits per one signal line is 5 not particularly limited,
and can be set arbitrarily. A plurality of current source 



circuits may be set such that constant current sources are provided
corresponding thereto, and that signal currents are set to the current
source circuits by the constant current sources. For example, three current
source ,circuits 420 may be provided for each signal line. Then, a signal
current may be set by different 10 reference constant current sources 109
for the respective current source circuits 420. For example, it may be such
that a 1-bit reference constant current source is used to set a signal
current for one of the current source circuits 420, a 2=bit reference
constant current source is used to set a signal current for one of the
current source circuits 420, and a 3-bit reference constant current source
is used to 15 set a signal current for one of the current source circuits
420. Thus, 3-bit display can be performed. The present invention with the
above structure can suppress the influence of variation in TFT
characteristics and supply a desired current to the outside. This
embodiment mode may be arbitrarily combined with Embodiment 20 Mode 1.
[Embodiment Mode 3) In this embodiment mode, the structure of a - light
emitting device including the signal line driver circuit of the present
invention will be described 25 using FIG. 15. Referring to FIG. 15(A), the
light emitting device includes a pixel portion 402 including a plurality of
pixels arranged in matrix ~ on a substrate 401, and includes a signal line
driver circuit 403 and first and second scanning line driver . circuits 404
and 405 in the periphery of the pixel portion 402. While the signal 30 line
driver circuit 403 . and the two scanning line driver circuits 404 and 405
are .. 41   provided in FIG. 15(A), the present invention is riot limited
to this. The number of driver circuits may be arbitrarily designed
depending on the pixel structure. Signals are supplied from the outside to
the signal line driver circuit 403 and the first and second scanning line
driver circuits 404 and 405 via FPCs 406. 5 The structures and operations
of the first and second scanning line driver circuits 404 and 405 will be
described using FIG. 15(B). The first and second scanning line driver
circuits 404 and 405 each include a shift register 407 and a buffer 408.
The shift register 407 sequentially outputs sampling pulses in accordance
with a clock signal (G-CLK), a start pulse (S-SP), and an inverted l0 clock
signal (G-CLKb). Thereafter, the sampling pulses amplified in the buffer
408 are input to scanning lines, and the scanning lines are set to be in a
selected state for each line: Signals are sequentially written to pixels
controlled by the selected signal lines. Note that the structure may be
such that a level shifter circuit is disposed 15 between the shift register
407 and the buffer 408. Disposition of the level shifter circuit enables
the voltage amplitude to be increased. This embodiment mode may be
arbitrarily combined with Embodiment Modes 1 and 2. 20 [Embodiment Mode 4]
In this embodiment, mode, the structure and operation of the signal line
driver circuit 403 shown in FIG. 15(A) will be described. In this
embodiment mode, the signal line driver circuit 403 used in the case of
performing 1-bit digital gradation display will be described by using FIG.
3. 25 First, the case corresponding to FIG. 1 will be described. In
addition, a case of line-sequential drive will be described. FIG. 3(A) is a
schematic view of the signal line driver circuit 403 used in the case of
performing 1-bit digital gradation display. The signal line driver circuit
403 includes a shift register 411, a first latch circuit 412a a second
latch 30 circuit 413, and a constant current circuit 414. _ . ~ 42  



Operations will be briefly described. The shift register 411 is constituted
by, for example, a plurality of flip-flop circuits (FF), and a clock signal
(S-CLK), a start pulse (S-SP), and an inverted clock signal (S-CLKb) are
input thereto. In accordance with the timing of these signals, sampling
pulses are sequentially 5 output therefrom. The sampling pulses that have
been output from the shift register 411, are input to the first latch
circuit 412. Digital video signals have been input to the first latch
circuit 412, and a video signal is retained in each column in accordance
with the input timing of the sampling pulse. i0 In the first latch circuit
412, upon completion of video-signal retaining operations in columns to the
last column, during a horizontal return period, a latch pulse is input to
the second latch circuit 413, and video signals retained in the first latch
circuit 412 are transferred in batch to the second latch circuit 413. As a
result, one-line video signals retained in the second latch circuit 413 are
input to 15 the constant current circuit 414 at the same time. While the
video signals retained in the second latch circuit 413 are being input to
the constant current circuit 414, sampling pulses are again output in the
shift register 411. Thereafter, the operation is iterated, and one-frame
video signals are processed. There may be a case where the constant current
circuit 20 414 plays a role of converting a digital signal into an analog
signal. . In the constant current circuit 414, a plurality of current
source circuits 420 are provided. FIG. 3(B) outlines the signal line driver
circuit in the periphery of three signal lines in i-th to (i+2)-th columns.
The current source circuit 420 is controlled by a signal input from a 25
terminal a. In addition, the current source circuit 420 is supplied with a
current via a terminal b from a reference constant current source 109
connected to a current line. A switch 101 (signal current control switch)
is provided between the current source circuit 420 and a pixel connected to
a signal line Sn and ON/OFF of the switch 101 (signal current control
switch) is controlled by the 3o video signal.. When the video signal is a
bright signal; a signal current is 43   supplied from the current source
circuit 420 to the pixel. Further, when the video signal is a dark signal,
the switch 101 (signal current control switch) is controlled not to supply
a current to the pixel. That is, the current source circuit 420 has a
capability of flowing a predetermined current, and whether the current is
supplied 5 to the pixel or not is controlled by the switch 101 (signal
current control switch). For the structure of the . current source circuit
420, the structure of the 



current source circuit shown in, for example, FIG. 6, 7, 39, 40, or 42 can
be arbitrarily used. For the current source circuits 420, not only one
structure but also a plurality of structures may be employed. to The
setting signal input from the terminal a corresponds to the video signal
supplied from the second latch circuit 413. However, since the video signal
is also used for control of the pixel, the video signal is not directly
input to the current source circuit 420, and is input thereto via a logical
operator. Specifically, the setting signal input from the terminal a
corresponds to the signal 15 supplied from an output terminal of the
logical operator that is connected to a setting control line. In the
present invention, setting of the current source circuit 420 is performed
in accordance with the signal input from the output terminal of the logical
operator connected to the setting control line. One of two input terminals.
of the logical operator is input with the signal 20 (corresponding to the
video signal) supplied from the second latch circuit and the other terminal
is input with the signal from the setting control line. The logical -
operator performs a logic operation of the input two signals, and outputs a
signal from the output terminal. Then, in the current source circuit, a
setting operation or an input operation is performed in accordance with the
signal supplied from the 25 output terminal of the logical operator. Note
that, in the case where the structure shown in either FIG. 6(A) or 7(A) is
used for the current source circuit 420, the setting operation cannot be
performed while the input operation is performed, as described above.
Therefore, the setting operation needs to be performed in a period during
which the input 30 operation is not performed. However, a case can occur
where periods during 44   which the input operation is not performed do not
exist continuously but are dotted in one frame period. In this case, it is
preferable to allow random selection for an arbitrary column instead of
sequential selection for respective columns. 5 In the present invention,
the video signal is used to specify the current source circuit when
performing the setting operation of the current source circuit. Therefore,
the setting operation of the current source circuit can also be not
performed sequentially from the first to last columns but performed at
random. Specifically, the video signal is inherently a signal containing
image information. 10 Thus, it can be easily realized that image
information related to a certain column is set to have the same value as
that of image information related to another column, and that image
information related to only a certain column is set to have 



a unique value and pieces of image information related to other columns are
set to have identical values. That is, the value of the video signal of
each column can 15 be set arbitrarily. Therefore, when a video signal of
only a certain column is set to have a unique value, only the column can be
-set to a selected state. When performing the setting operation for the
subsequent current source circuit, a video signal of only a completely
different column is to have a unique value so that only the column can be
set to the selected state. In this way, an arbitrary column can 2o be
selected without sequentially selecting respective columns. Moreover, the
time length for performing the setting operation can be set arbitrarily
long. Specifically, using the video signal, a current source circuit in a
certain column is specified to start the setting operation and then,
arbitrarily setting can be performed as to when to perform the setting
operation for a current 25 source circuit in the subsequent column.
Accordingly, for example, when one period exists during which the setting
operation can be performed, the period may be fully used either to perform
the setting operation for a current source circuit only in a certain column
or to perform the setting operation for current source circuits in a
plurality of columns. Thus, the time length for performing the 30 . setting
operation can be set long. 45 . .   When the setting operation can be
performed at random for the current source circuit as described above,
various advantages axe exhibited. For example, in the case where periods
during which the setting operation can be performed are dotted in one
frame, when an arbitrary column can be selected, the degree of 5 freedom is
increased, and the setting operation period can be set long. Even if
periods during which the setting operation can be performed are dotted in
one frame, in the case where an arbitrary column cannot be selected, and
the columns need to be sequentially performed from the first column, one of
the periods during which the setting operation can be performed and which
are dotted in one frame l0 needs to be used to sequentially select the
columns from the first column. Consequently, the setting operation period
per column is short. Another advantage is that the influence of charge
leakage in the capacitor element (corresponding to, for example, a
capacitor element 103 in FIG. 6(A), a 



capacitor element 123 in FIG. 6(B), or a capacitor element 107 in FIG.
6(C)) 15 disposed in the current source circuit 420 can be made
inconspicuous. Thus, when a defect has occurred in association with the
setting operation, the defect can be made inconspicuous. Thus, the
capacitor element is disposed in the current source circuit 420. However,
the capacitor element may be substituted by a gate capacitance of the 20
transistor. A predetermined charge is accumulated in the capacitor element
through the setting operation for the current source circuit. Ideally, the
setting operation for the current source circuit may be performed only once
when the power source is input. Specifically, when the signal line driver
circuit is operated, the setting operation may be performed only once
during the initial 25 period of the operation. This is because the amount
of charge accumulated in the capacitor element does not need to be varied
depending on, for example, the operation state and the time, and is not
varied. In practice, however, various noises may enter the capacitor
element, or a leak current flows from the transistor connected to the
capacitor element. As a result, the amount of charge 3o accumulated in the
capacitor element may gradually vary as time passes. When 46   the charge
amount varies, the current to be output from the current source circuit
varies. As a result, the current to be input to the pixel varies. This
varies the luminance of the pixel. To prevent the variation in the charge
accumulated in the capacitor element, there arises a need that the setting
operation for the current 5 source circuit is periodically performed in a
certain cycle, the charge is refreshed, ' the varied charge is returned to
the original state, and the proper amount of charge is restored. Suppose,
in the case where the amount of charge accumulated in the capacitor element
is large, the setting operation for the current source circuit is 10
performed, the charge is refreshed, the varied charge is returned to the
original state, and the proper amount of charge is restored. In association
with this, the variation is increased in the amount of the current output
from the current source circuit. Thus, when the setting operation is
sequentially performed from the first column, a case may occur in which
there develops a display disturbance at a 15 degree that the variation in
the amount of the current output from the current source. circuit is
recognizable by the human eye. That is, a case may occur in which there
develops a display disturbance at a degree that the variation in the
luminance of the pixel, which is caused sequentially from the first column,
is recognizable by the human eye. In this case, when the setting operation
is not 20 sequentially performed from the first column but performed at
random, the variation in the amount of current output from the current
source circuit can be made inconspicuous. As described above, -the random
selection for the plurality of wirings produces various advantages. 



With reference to FIG. 3(B), although the setting operation is performed 25
in for each column, the present invention is not limited to this. As shown
in FIG. 44, the setting operation may be simultaneously performed for a
plurality of columns. Hereinafter, "to perform the setting operation for a
plurality of columns at a time" is referred to as "to make mufti phases".
Referring to FIG. 44, while two reference constant current sources 109 are
disposed, the setting 30 operation may be performed , for the two reference
constant current _ sources . 47   through differently disposed reference
constant current sources. A detailed structure of the constant current
circuit 414 shown in FIG. 3(B) is shown in FIGS. 45 and 46. FIG. 45 shows
the circuit in the case where FIG. 6(C) is applied to the portion of the
current source circuit. FIG. 46 shows the 5 circuit in the case where FIG.
6(A) is applied to the portion of the current source circuit. The video
signal is used not only for specification of the current source -circuit
but for the original use, that is, the pixel control. Thus, the video
signal is not directly input to a current source circuit 420, and is input
thereto via a logical 10 operator. In addition, the signal is also input to
the logical operator from the setting control line. The logical operator
performs a logic operation of the two signals, namely, the video signal and
the signal input from the setting control line, and output a signal through
the output terminal. According to the signal that has been output from the
logical operator, the setting operation is controlled for the 15 current
source circuit. In this way, the logical operator performs control to
switch between the pixel control (image display) and the current source
circuit control for the video signal. Therefore, the circuit is not limited
to the logical operator, and may be any circuit as long as the circuit is
capable of conducting switching between the 20 pixel control and the
current source circuit control. As an example, as shown in FIG. 45, 46, or
the like, a switch may be provided to perform switching. So far, the case
of line-sequential drive has been described. Next, the case of
dot-sequential drive will be described. Referring to FIG. 47(A), a video
signal supplied from a video line is 25 sampled in accordance with the
timing of a sampling pulse supplied from a shift register 411. Further, the
setting operation for a current source circuit 420 is 



performed in accordance with the video signal. Thus, the dot-sequential
drive is performed for the case of the structure shown in FIG. FIG. 47(A).
Note that, in the case where: only in the period during which the sampling
30 pulse is output, and the video signal is supplied from the video line, a
switch 101 48   (signal current control switch) is turned to the ON state;
and no sampling pulse is output, no video signal is supplied from the video
line, and then, the switch 101 (signal current control switch) is turned to
the OFF state, operation is not conducted precisely. This is because the
switch for inputting a current remains in 5 . the ON state. In this state,
when the switch 101 (signal current control switch) is set to the OFF
state, since the current is not input to the pixel, the signal cannot be
input precisely. A latch circuit 452 is disposed so that the video signal
supplied from the video line can be retained and that the state of the
switch 101 (signal current to control switch) can be retained. The latch
circuit 452 may either be constituted only by a capacitor element and a
switch or be constituted by an SRAM circuit. In this way, the sampling
pulse is output, the video signal is supplied from the video line for each
column, the switch 101 (signal current control switch) is set to the ON
state or the OFF state in accordance with the video signal, and the supply
15 of the current to the pixel is controlled. Thus, the dot-sequential
drive can be implemented. An output (video signal) of the latch circuit 452
is used for the pixel control but is also used for the setting operation
for the current source circuit. Since switching is conducted for each
usage, the output (video signal) of the latch 20 circuit 452 is not
directly input to the current source circuit 420, but is input thereto via
a logical operator 262. The logical operator 262 enables the switching
between the case of using the video signal for the pixel control (image
display) and the case of using the video signal for the current source
circuit control. 25 However, when selection is sequentially performed from
the first column to the last column, a period for inputting the signal to
the pixel is relatively long in a Column on the side of the first column.
On the other hand, when the video signal is input, the subsequent column
pixel is immediately selected on the side of the last ~ column. As a
result, a period for inputting the signal to the pixel 30 becomes short. In
this case, as shown in FIG. 47(B), the period for inputting the 49 . .
signal to the pixel can be prolonged by dividing the scanning line disposed
in a pixel portion 402 at the center. In this case, one scanning line
driver circuit is disposed on each of the left and right sides of the pixel
portion 402, and the scanning line driver circuit is used to drive the
pixel. In this way, periods for 5 inputting the signal to the right pixel
and the left pixel can be differentiated from each other. FIG. 47(C) shows
output waveforms of the scanning line driver circuits disposed left and
right in the first and second lines, and a start pulse (S-SP) for the shift
register 411. According to the operations thus performed, the period for
inputting the signal even to the left pixel can be prolonged, and the 1o
dot-sequential drive is thus facilitated. Regardless of whether the
line-sequential drive or the dot-sequential drive is performed, the setting
operation for the current source circuit 420 may be performed for the
current source circuit disposed in an arbitrary column with an arbitrary
timing and for an arbitrary number of times. Ideally, however, only the i5
setting-dedicated setting operation may be performed only once as long as a
predetermined charge is stored in the capacitor element connected between
the gate and the source of the transistor disposed in the current source
circuit 420. Alternatively, the setting operation may be performed when the
predetermined charge retained in the capacitor element has discharged
(varied). Further, as to 



20 the setting operation for the current source circuit, the setting
operation may be performed for the current source circuits 420 in all the
columns using time. That is, the setting operation may be performed for the
current source circuits 420 in a11 the columns within one frame period.
Alternatively, it may be such that the setting operation is performed only
for the current source circuits 420 in several 25 columns within one frame
period, as a result of which the setting operation is performed for all the
current source circuits 420 in all the columns. As above, while the case
where one current source circuit is disposed in each column has been
described, the present invention is not limited to this, and a plurality of
current source circuits may be disposed. 30 As an example, a case where
FIG. 2 is applied to the portion of the current 50   source circuit of FIG.
3(B) is considered. The structure of the constant current circuit 414 in
the above case is shown in FIG. 48 in detail. FIG. 48 shows the circuit in
the case where FIG. 6(A) is applied to the potion of the current source
circuit. Under the control of a control line, the setting operation can be
5 performed for one of the current source, and the input operation can be
simultaneously performed for the other current source. Furthermore,
regarding the current source circuit in the signal line driver circuit
according to the present invention, a layout diagram is shown in FIG. 87,
and a corresponding circuit diagram is shown in FIG. 88. l0 Note that this
embodiment mode . may be arbitrarily combined with Embodiment Modes 1 to 3.
(Embodiment Mode 5] In this embodiment mode, the detailed structure and
operation of the 15 signal line driver circuit 403 shown in FIG. 15(A) will
be described. In this embodiment mode, a description is made of the signal
line driver circuit 403 used in the case of performing 3-bit digital
gradation display. FIG. 4 is a schematic view of the signal line driver
circuit 403 in the case of performing the 3-bit digital gradation display.
The signal line driver circuit 20 403 includes a shift register 411, a
first latch circuit 412, a second latch circuit 413, and a constant current
circuit 414. The operation will be briefly described below. The shift
register 411 is formed using, for example, a plurality of flip-flop
circuits (FF), and is input with a clock signal (S-CLK), a start pulse
(S-SP), and an inverted clock signal (S-CLKb). 25 In accordance with the
timing of these signals, sampling pulses are sequentially output therefrom.
The sampling pulses, which have been output from the shift register 411,
are input to the first latch circuit 412. 3-bit digital video signals
(Digital Data 1 to Digital Data 3) have been input to the first latch
circuit 412, and a video signal 3o is retained in each column in accordance
with the timing at which the sampling 51   pulse is input. 



In the first latch circuit 412, upon completion of video-signal retaining
in columns to the last column, during a horizontal return period, a latch
pulse is input to the second latch circuit 413, and the 3-bit digital video
signals (Digital Data 1 5 to Digital Data 3) retained in the first latch
circuit 412 are transferred in batch to the second latch circuit 413. Then,
the 3-bit digital video signals (Digital Data 1 to Digital Data 3) for one
line; 'which are retained in the second latch circuit 413, are input to the
constant current circuit 414 at a time. While the 3-bit digital video
signals (Digital Data 1 to Digital Data 3) 10 retained in the second latch
circuit 413 are input to the constant current circuit 414, sampling pulses
are again output in the shift register 411. Thereafter, the operation is
iterated, and video signals for one frame are thus processed. There is a
case where the constant current circuit 414 plays a role of converting a
digital signal into an analog signal. In the constant current circuit 15
414, a plurality of current source circuits 420 are provided. FIG. 5 is a
schematic view of the signal line driver circuit related to the three
signal lines in i-th to (i+2)-th columns. Note that FIG. S shows the case
where a reference constant current source 109 corresponding to each bit is
arranged. 20 Each current source circuit 420 has a terminal a, a terminal
b, and a terminal c. The current source circuit 420 is controlled by a
signal input from the terminal a. Further, current is supplied via a
terminal b from a reference constant current source 109 connected to a
current line. Switches (signal current control switches) 111 to 113 are
provided between the current source circuit 420 and a 25 pixel connected to
a signal line Sn, and the switches (signal current control switches) 111 to
113 are controlled by 1-bit to 3-bit video signals. In the case where the
video signal is a bright signal, a current is 'supplied from the current
source circuit to the pixel. On the contrary, in the case where the video
signal is a dark signal, the switches (signal current control switches) 111
to L13 are 30 controlled not to supply current to the pixel. That is, the
current source circuit 52   420 has a capability of flowing a predetermined
current, and the switches (signal current control switches) 111 to 113
control whether the current is supplied to the pixel or not. Referring to
FIG. 5, the current lines and the reference constant current b sources are
disposed in correspondence with respective bits. The sum of the values of
currents supplied from the current sources of the respective bits is
supplied to the signal lines. That is, the constant current circuit 414
also has a function of digital-analog conversion. 



Note that the setting signal input from the terminal a corresponds to the
10 video signal supplied from the second latch circuit 413. However, since
the video signal is also used to control the pixel, the video signal is not
directly input to the current source circuit 420, but input thereto via a
logical operator. That is, the setting signal input from the terminal a
corresponds to the signal supplied from an output terminal of the logical
operator that is connected to a setting control line. 15 In the present
invention, setting of the current source circuit 420 is performed in
accordance with the signal input from the output terminal of the logical
operator that is connected to the setting control line. One of two input
terminals of the logical operator is input with the signal (corresponding
to the video signal) supplied from the second latch circuit, and the 20
other terminal is input with the signal from the setting control line. The
logical operator performs a logic operation of the input two signals, and
outputs a signal from the output terminal. That is, the current source
circuit 420 performs the setting operation or the input operation in
accordance with the signal supplied from the output terminal of the logical
operator connected to the setting control 2s line. In this embodiment mode,
because of a description with reference to an example of the case of
performing 3-bit digital gradation display, three current source circuits
420 are provided for each column. When signal currents supplied from the
three current source circuits 420 connected to one signal line are set to a
3o ratio of 1 : 2 : 4, the current magnitude can be controlled at 23 = 8
levels. 53    For the structure of the current source circuit 420, the
structure of the current source circuit 420 shown in, for example, FIG. 6,
7, 39, 40, or 42 can be arbitrarily used. For the current source circuits
420, not only one structure but also a plurality of structures may be
employed. 5 In the signal line driver circuit shown in FIG. 5, although
dedicated reference constant current sources 109 are respectively disposed
for the 1-bit to 3-bit, the present invention is not limited to this. As
shown in FIG. 49, reference constant current sources 109 the number of
which is smaller than the number of bits may be disposed. For example, it
may be such that only the reference 10 constant current source 109 for the
most significant bit (3-bit in this case) is disposed; one current source
circuit selected from a plurality of current source circuits disposed in
one column is set; and using the current source circuit for which the
setting operation has already been performed, the operation is performed
for other current source circuits. In other words, the current source 15
circuit for which the setting operation has already been performed may be
.used to share setting information. - . For example, a setting operation is
performed only for a 3-bit current source circuit 420. Then, using the
current source circuit 420 for which the setting operation has been
performed, information is shared among other 1-bit and 20 2-bit current
source circuits 420. More specifically, among current source 



circuits 420, the gate terminal of each current-supplying transistor
(corresponding to a transistor 102 in FIG. 6(A)) is connected, and also the
source terminal is connected. As a result, gate-source voltages of
information-sharing transistors (current-supplying transistors) become
identical. 25 Referring to FIG. 49, the setting operation is performed .not
for the current source circuits of the least significant bit (1-bit in this
case), but for the current source circuits of the most significant bit
(3-bit in this case). Thus, when the setting operation is performed for the
current source circuits of a greater-value bit, the influence of variation
in characteristics of inter-bit current source circuits can 30 be reduced.
Suppose the. setting operation is performed for the current source 54. .
circuits of the least significant bit (1-bit in this case), information
related to the setting operation performed for the current source circuits
of the least significant bit is shared among the current source circuits of
the upper bits. In this case, when the characteristics of the respective
current source circuits vary, the values 6 of currents of the upper bits
lack precision. This is because since upper-bit . current source circuits
produce outputs having great current values, even when a small variation
has occurred in their characteristics, the influence of the variation is
magnified, and also output current values are also varied great. ~ In
contrast, in the case where the setting operation is performed for the
current source circuits of l0 the most significant bit (3-bit in this
case), information related thereto is shared among the current source
circuits of the lower bits. Even when the characteristics of the respective
current source circuits have varied, since output current values are small,
differences in the current value due to variation are small, and the
influence is small. 15 Hereinafter, as an example, the structure of the
constant current circuit 414 in FIGs. 4, 5, and 49 is shown in FIGs. 23,
24, and 50 in more detail. In a current source circuit 420 provided in each
of FIGs. 23, 24, and 50, whether or not a predetermined signal current is
output to a signal. line Si (1 s i s n) is controlled according to
information contained in a digital video signal input from a second 20
latch circuit 413. Meanwhile, as shown in FIG. 6(C), when the current
source circuit 420 is comprised of the structure having a current mirror
circuit, the structure may be alternatively such that the gate electrodes
of transistors in the current source circuit 420 are commonly connected, as
shown in FIGs. 23 and 24. 2~ FIG. 50 is a circuit diagram in the case where
the current source circuit of FIG. 6(A) is disposed in the signal line
driver circuit sown in FIG. 5. In FIG. 50, the setting operation is
performed with transistors A to C being turned OFF This is for preventing a
current leakage. Alternatively, switches may be disposed ~- in series with
the transistors A to C, in which the switches are turned OFF in the 30
setting operation. 55   Illustrated in FIGs. 23 and 24 are cases where the
reference constant current sources 109 the number of which is fewer than
the number of bits are disposed. FIG. 23 is a circuit diagram in the case
where the current source 



circuit of FIG. 6(C) is disposed in the signal line driver circuit shown in
FIG. 49. 5 FIG. 24 is a circuit diagram in the case where the current
source circuit of 'FIG. 6(A) is disposed in the signal line driver circuit
of FIG. 49. Referring to FIG. 23, in a current source circuit 420 provided
in each column, whether or not a predetermined signal current Ida,a is
output to the signal line Si (1 s i s n) is controlled according to High or
Low information contained in 10 a 3-bit digital video. signal (Digital Data
1 to Digital Data 3) input from a second latch circuit 413. The current
source circuit 420 includes transistors 180 to 188 and a capacitor element
188. In this embodiment mode, the transistors 180 to 188 are a11 of
n-channel type. 15 A 1-bit digital video signal is input to ~a gate
electrode of the transistor 180 from the second latch circuit 413. One of a
source region and a drain region of the transistor 180 is connected to the
source signal line (Si), and the other is connected to.one of a source
region and a drain region of the transistor 183. A 2-bit digital video
signal is input to a gate electrode of the transistor 181 20 from the
second latch circuit 413. One of a source region and a drain region of the
transistor 181 is connected to the source signal line (Si), and the other
is connected to one of a source region and a drain region of the transistor
184. A 3-bit digital video signal is input to a gate electrode of the
transistor 182 from the second latch circuit 413. One of a source region
and a drain region of . 25 the transistor 182 is connected to the source
signal line (Si), and the other is connected to one of a source region and
a drain region of the transistor 185. One of the source region and the
drain region of each of the transistors 183 to 185 is connected to Vss, and
the other is connected to one of the source region and the drain region of
each of the transistors 180 to 18Z. One of a source 30 region and a drain
region of the transistor 186 is connected Vss; and the other is 56
connected to one of a source region and a drain region of the transistor
188. A signal is input from an output terminal of an AND 193 to the gate
electrodes of the transistors 187 and 188. One of input terminals of the
AND 193 is connected to a control line, and the other is connected to the
second latch 



5 circuit 413. In FIG. 23, the one input terminal of the AND 193 is
connected to the control line, and the other is connected to the 1-bit
latch circuit (1st Bit). However, the present invention is not limited to
this. One of the input terminals of the AND 193 may be connected to any one
of the 1-bit latch circuit (1st Bit), a 2-bit latch circuit (2nd Bit), and
a 3-bit latch circuit (3rd Bit). l0 One of the source region and the drain
region of the transistor 187 is connected to one of the source region and
the drain region of the transistor 186, and the other is connected to one
of electrodes of a capacitor element 189. One of the source region and the
drain region of the transistor 188 is connected to a current line 190, and
the other is connected to one of the source region and the 15 drain region
of the transistor 186. One of the electrodes of the capacitor element 189
is connected to the gate electrodes of the transistors 183 to 186, and the
other electrode is connected to Vss. The capacitor element 189 plays a role
of retaining the gate-source voltages of the transistors 183 to 186 20 In
the current source circuit 420, when the transistor 187 and the transistor
188 are turned ON, a current flows to the capacitor element 189 from a
reference constant current source (not shown) connected to the current line
190. At this time, the transistors 180 to 182 are OFF Charge is then
gradually accumulated in the capacitor element 189, and an 25 potential
difference begins to occur between both the electrodes. When the potential
difference between both the electrodes has reached V,," the transistors 183
to 186 are turned ON. The charge accumulation continues until the potential
difference between - both the electrodes; that is, each gate-source voltage
of the transistors 183 to 186 30 increases up to a desired voltage. In
.other words, the charge accumulation 57   continues until the transistors
183 and 186 each reach a voltage that allows to the signal current to flow.
Upon completion of the charge accumulation, the transistors 183 and 186 are
fully turned ON. 5 ~ Subsequently, in the ~ current source circuit 420,
conductivity/non-conductivity of the transistors 180 to 182 is selected
according to the 3-bit digital video signal. For example, when a11 the
transistors 180 to 182 are turned to the conductive state, the current
supplied to the signal line (Si) corresponds to the sum of the drain
current of the transistor 183, the drain current l0 of the transistor 184,
and the drain current of the transistor 185. When only the transistor 180
has been turned to the conductive state, only the drain current of the
transistor 183 flows to the signal line (Si). 



As described above, the gate terminals of the transistors 183 to 18S are
connected, whereby setting-operation information can be shared. 15 Here,
the setting-operation information is shared among the transistors disposed
in the same column, but the present invention is not limited to this. For
example, the setting-operation information may be shared also with
transistors in a different column. That is, the transistor gate terminals
may be connected to the different column transistors. Thus, the number of
current source circuits to be set 20 can be reduced.. Consequently, time
required for the setting operation can be reduced. In addition, since the
number of circuits can be reduced, the layout area can be made small. In
FIG. 24, the setting operation is performed for the current source circuit
with the transistors 182 being turned OFF. This is for preventing a current
25 leakage. Further, FIG. 51 is a circuit diagram of a current source
circuit in the case where a switch 203 is disposed in series with the
transistor 182 in the structure of FIG. 24. Referring to FIG. 51, the
switch 203 is turned OFF in the setting operation, and is turned ON in
other time. At this event, in FIGS. 23, 24, and 51, when the drain current
of the 30 transistor 183, the drain current of the transistor 184, and the
drain current of the 58 .. . .   transistor 185 are set to a ratio of 1 : 2
: 4, the current magnitude can be controlled at 23 = 8 levels. Thus, when
design is performed with the values of W (channel width)/L (channel length)
of the transistors 183 to 185 set to 1 : 2 : 4, the respective ON currents
are set to 1 : 2 : 4. 5 ~ ~ As described above, since the video signal is
used in two uses for the pixel control and the current source circuit
control, the signal is not directly input to the current source circuit
420, but input thereto via a logical operator. In FIG. 23, the logical
operator corresponds to the AND 193. One of the input terminals of the AND
193 is connected to the setting 10 control line, and the other is connected
to the second latch circuit 413. . In FIG. 23, the one input terminal of
the AND 193 is connected to the setting control line, and the other is
connected to the 1-bit latch circuit. However, the present invention is not
limited to this. One of the input terminals of the AND 193 may be connected
to any one of the 1-bit to 3-bit latch circuits. 15 FIG. 24 shows the
current source circuit 420 having a circuit structure different from that
of FIG. 23. The current source circuit 420 in FIG. 24 is structured such
that a switch 191 and a switch 192 are disposed to replace the transistors
186 to 188. A signal is input from the output terminal of the AND 193 to
each of the 20 switches 191 and 192. One of the input terminals of the AND
193 is connected to the control line, and the other is connected .to the
second latch circuit 413. In FIG. 23, the one input terminal of the AND 193
is connected to the control line, and the other is connected to the 3-bit
latch circuit (3rd Bit) via an inverter 194. However, the present invention
is not limited to this. One of the input terminals 25 of the AND 193 may be
connected to any one of the 1-bit latch circuit (1st Bit), the 2-bit latch
circuit (2nd Bit), and the 3-bit latch circuit (3rd Bit). In FIG. 24,
although one of the terminals of the switch 191 is connected to the drain
region of the transistor 185, the present invention is not limited to this.
One of the terminals of the switch 191 may be connected to one of the drain
30 regions of the transistors 183 to 185. In this case, however, as shown
in FIG. 24, 



. . . 59   when the input terminal of the AND 193 is connected to the latch
~ circuit (3-bit latch circuit (3rd Bit) in FIG. 24) that retains the video
signal that controls the transistor 185 to which one of the terminals of
the switch 191 is connected, the terminal needs to be connected to the
latch circuit via the inverter 194. 5 The current source circuit 420 shown
in FIG. 24 is similar in operation to the current source circuit 420 shown
in FIG. 23 except the point in that when the switches 191 and 192 are
turned ON, a current flows to the capacitor element 189 via, the transistor
185 from the reference constant current source (not shown) connected to the
current line 190. Thus, a description thereof will be omitted in l0 this
embodiment mode. Meanwhile, in this embodiment mode, while a11 the
transistors contained in the current source circuit 420 shown in FIG. 23 or
24 are of n-channel type, the present invention is not limited to this.
P-channel transistors may also be used. Operation of the current source
circuit 420 in the case of using the p-channel 15 transistors is similar to
the operation described above except the point in that the direction in
which a current flows is changed and the point in that the capacitor
element is connected to not Vss but Vdd. Thus, a description thereof will
be omitted. When using the p-channel transistors, the case where Vss is not
replaced 20 with Vdd, that is, the case where the current-flow direction is
not changed can be easily applied with the comparison between FIG. 6 and
FIG. 7. Note that, in this embodiment mode, the. description has been made
of the structures and operations of the signal line driver circuits in the
case where the 3-bit digital gradation display is carried out. However, the
present invention is 25 not limited to the 3-bit. It is possible that
signal line driver circuits corresponding to arbitrary number of bits are
designed with reference to this ., embodiment mode, thereby performing
display with an arbitrary number of bits. In addition, this embodiment mode
may be arbitrarily combined with Embodiment Modes 1 to 4. 30 ~ Further,
with reference to this embodiment mode, for example, multi 60   phases and
dot-sequential drive can be easily realized when performing display with an
arbitrary number of bits. One current source circuit for each bit is
disposed for each signal line in FIG. 5. However, as shown in FIG. 2, a
plurality of current source circuits may 5 be disposed for each signal
line. The diagram at this time is shown in FIG. 52. Similarly, although one
constant current source 109 is disposed for each bit in the structure of
FIG. 49, . the constant current source 109 may be shared by the 



plurality of bits, as shown in FIG. 53. 10 [Embodiment Mode 6) In the
present invention, it has been described that the setting signal input from
the terminal a shown in FIGs. 1 and 2 refers to the signal input from the
output terminal of the logical operator connected to the setting control
line (not shown). Although the control line is shown in FIG. 2, the line is
a different 15 wiring from the setting control line. A signal input from
the output terminal of the logical operator connected to the setting
control line is used as the setting signal. One of the two input terminals
of the logical operator is input with the signal (corresponding to the
video signal) that is output from the second latch 2o circuit 413, and the
other input terminal is input with the signal supplied from the setting
control line. The logical operator performs a logic operation of the input
two signals and outputs a signal through the output terminal. According to
the signal input from the output terminal of the logical operator, the
current source circuit conducts either a setting operation or an input
operation. 25 In this embodiment mode, the timing of the setting operation
of the ` current source circuit will be described using FIGS. 25 to 31. In
this embodiment mode, a description will be made in broad classification: a
driving method (referred to as full-frame method) with which . one frame
period is not divided, as shown in FIG: 25(B), and a driving method 30
(referred to as subframe method) with which one frame period is divided
into a 61   plurality of subframe periods, as shown in FIG. 26(A).
Hereinafter, the full-frame method will first be described using FIG. 25,
and the subframe method will then be described. In ordinary display devices
such as liquid crystal display devices and light 5 emitting devices, a
frame frequency is about 60 (Hz). That is, as shown in FIG. 25(A), the
device performs screen renderings about 60 times per second. Thus, flickers
(flickering of a screen) can be made unrecognizable by the human eye. A
period during which one screen rendering is performed is referred to as one
frame period. 10 In the case of the full-frame method, as shown in FIG.
25(B), a period represented by Tc is provided after scanning lines are
selected from the first line to the last line in one frame period. The
period during which the scanning lines are selected from the first line to
the last line corresponds to a period during which signals are input to
pixels: FIGS. 25(C) and 25(E) each show a video signal 



15 waveform in the period Tc. The video signal waveform is variable among
frames. As examples, the video signal waveforms in three frames are shown.
The length of the setting period Tc is not specifically limited, but is
preferably set identical to a one-gate selection period (one horizontal
scan period). As an example, FIG. 25(C) shows a video signal waveform in a
period 20 Tc1 of the first frame. At this time, the video signal waveform
is controlled such that an output from the second latch circuit 413 to the
current source circuit provided in an i-th column becomes High. FIG. 25(D)
shows a video signal waveform in a period Tc2 of the second frame. At this
time, the video signal waveform is controlled such that an output from the
second latch circuit 413 to the 25 current source circuit provided in a
j-th column becomes High. FIG. 25(E) shows a video signal waveform in a
period Tc3 of the third frame. At this time, the video signal waveform is
controlled such that an output from the second latch circuit 413 to the
current source circuit provided in a k-th column become High. The setting
period Tc corresponds to a period during which the current 30 source
circuit fox . which a setting operation is performed is specified among a
62   plurality of current source circuits contained in the signal line
driver circuit. That is, in the setting period Tc, a video signal waveform
is controlled so that a video signal in a column of a current source
circuit for which a setting operation is performed becomes High. As shown
in FIGs. 25(C) to 25(E), in the setting 5 period Tc, the current source
circuit for which a setting operation is performed is specified for each
frame period. In one frame period, not only one setting period Tc, but also
a plurality of setting periods Tc may be provided. In addition, the setting
period Tc may not be provided to a border portion of frame periods, and may
be provided elsewhere 10 within one frame period. In addition, in FIGS.
25(C) to 25(E), it may be such that video signal waveforrns in any one of
the first to last columns are not controlled to become High, and that video
signal waveforms of current source circuits in a plurality of columns of
the first to last columns are controlled to become High. 15 In the case
where the setting operation and the input operation can be performed
simultaneously for current source circuits of the . signal line driver
circuit, the current source circuits for which the setting operation is
performed are specified in the setting period Tc, and the setting operation
is performed in the other period. The input operation is also performed at
the same time. 2o On the other hand, in the case where the setting
operation and the input operation cannot be performed simultaneously for
current source circuits, current source circuits for which the setting
operation is performed are specified in the setting period Tc, and also the
setting operation is performed in the setting period Tc. For this reason,
in this case, the setting period Tc needs to be a period 25 sufficient for
the setting operation of the current source circuits to be performed.
However, the setting operation does not need to be performed for a11 the
current 



source circuits within one frame period, and the setting operation may be
performed for a11 the current source circuits by using several frame
periods. Even in the case where the setting operation and the input
operation can 30 be performed simultaneously for current source circuits,
it may be such that 63   current source circuit for which the setting
operation is performed are specified in the setting period Tc, and the
setting operation is performed in the setting period Tc. Next, the subframe
method will be described using FIG. 26. In the 5 subframe method, as shown
in FIG. 26(A), one frame period is divided into a plurality of subframe
periods having mutually different lengths. In many cases, the number of
divisions is identical to the number of gradation bits. ' FIG. 26 shows, an
example, a case where a frame period is divided into three subframe periods
SF1 to SF3. l0 Each of the subframe periods includes an address period (Ta)
and a sustain period (Ts). The address period is a period during which a
signal is written to a pixel, and the length thereof is the same in
respective subframe periods. The sustain period (Ts) is a period during
which the light emitting element emits light in response to the signal
written in the address period (Ta). 15 According to the subframe method,
when providing the period Tc, the period Tc may be -disposed either only
one time after completion of the address period (Ta) set in a certain
subframe period SF as shown in FIG. 26(B) or a plurality of times in one
frame period, as shown in FIG. 26(C). As a matter of course, the period Tc
may be disposed after completion of address periods in a11 2o subframe
periods, be disposed in an address period, or be disposed for each
arbitrary frame period. According to the subframe method, when providing -
the period Tc, the period Tc may be disposed either only one time after
completion of the address period set in a certain subframe period SF as
shown in FIG. 26(B) or a plurality of 25 times in one frame period, as
shown in FIG. 26(C). As a matter of course, the period Tc may be disposed
after completion 'of address periods in a11 subframe periods, or be
disposed in an address period. Further, the period Tc may be disposed for
each arbitrary frame period. It has been described that the setting signal
input from the terminal a 30 refers to the signal input from the output
terminal of the logical operator 64   



connected to the setting control line in FIGS. 1 and 2. Also described in
the above is that the signal (corresponding to the video signal) output
from the second latch circuit is input to one of the two input terminals of
the logical operator, and the signal is input to the other terminal from
the setting control line. In this 5 connection, while the setting control
line is not shown in FIGs. ~1 and 2, FIGs. 26(B) and 26(C) show signal
waveforms that are output from the setting control line connected with the
input terminal of the logical operator that outputs the setting signal.
FIGS. 26(B) and 26(C) show the waveforms of the setting control line. 10
Setting is. performed such that the waveform of the setting control line in
each of FIGS. 26(B) and 26(C) becomes High in the period (shown as a
setting period Tb) from the completion of the setting period Tc to the
commencement of a subsequent address period. In FIGS. 26(B), setting is
performed such that the waveform of the setting control line becomes High
in the period (setting period 15 Tb1) from the completion of the setting
period Tc to the commencement of an address period Ta2. In FIG. 26(C),
setting is performed such that the waveform of the setting control line
becomes High in the period (setting period Tb1) from the completion of the
setting period Tc to the commencement of an address period Tal and in the
period (setting period Tb2) from the completion .of the setting 2o period
Tc to the commencement of an address period Ta2. From the above, when a
current source circuit is not engaged in an input operation (output of a
current to a pixel), a setting operation can be performed for the current
source circuit disposed in the signal line driver circuit in the setting
period Tb1 or the setting period Tb2. If a period for performing an input
25 operation occurs, the setting control line may be temporarily set to Low
so that a setting 'operation is not performed only in that period. However,
in the case where the setting operation and the input operation can be
performed at the same time with the current source circuit disposed in the
signal line driver circuit, the setting operation cart be performed for the
current source circuit even while the 3o current source circuit is engaged
in the input operation (input of a current to a 65   pixel). As described
above, in the setting period Tc, a current source circuit for which the
setting operation is performed is specified among current source circuits
contained in the signal line driver circuit. If a current source circuit
420 



5 provided in the i-th column is specified, the setting operation can be
performed therefor by setting the wavelength of the setting control line in
the period Tb from the completion of the setting period Tc to the
commencement of a subsequent address period High. Next, referring to FIGs.
27 to 31, a description will be made of 10 setting-operation timings of
current source circuits in a signal line driver circuit having a structure
that, dissimilar to the above-described structure, includes storage
circuits 451 in addition to current source circuits 420. FIG. 27 shows a
case in which one current source circuit 420 is arranged in each column.
FIG. 28 shows a case in which two current source circuits 420 15 are
disposed in each column. In the structure of FIG. 27, when there is a
period during which the setting operation and the input operation are
performed simultaneously, current source circuits 420 capable of
simultaneously performing the setting operation and the input operation
need to be used. On the other hand, in the structure of FIG. 28, the two
current source circuits 420 are provided in 20 each column, the one being
capable of performing the setting operation, and the other being capable of
the input operation. Thus, the structure of the current source circuit 420
used in FIG. 28 is not particularly limited. Note that, for the storage
circuits 451 shown in FIGS. 27 and 28, known circuits may be used as long
as they are circuits including means of storing data. 25 Signal waveforms
of a storage control line shown in FIGS. 27 and 28 will be described using
FIG. 29. First, the signal waveform of the storage control line in the
full-frame method will be described using FIG. 29(A), and then, the signal
waveform of the storage control line in the subframe method will be
described using FIGs. 29(B) and 29(C). 3o As shown in FIGs. 29(A) to 29(C),
according to both the full-frame 66   method and the subframe method, the
waveform of the storage control line is set to become High in the setting
period Tc. Thus, in the current source circuit 420, the setting operation
can be performed in the period from the completion of the setting period Tc
to the commencement of the subsequent setting period Tc. 5 Note that, when
the waveform of the storage control line has become High, switches 450 are
turned ON to allow data (video signal) to enter the storage circuits 451.
When the waveform of the storage control line has become Low, the switches
450 are turned OFF to allow data (video signal) to be continuously retained
in the storage circuits 451. 10 Therefore, even when a video signal varies
while the setting operation is performed for a current source circuit,
since information related to the specified current source is stored in the
storage circuit 451, the operation is not influenced 



by the variation in the video signal. Note that the period during which the
video signal varies corresponds to, for example, an address period. In the
case where 15 the setting operation and the input operation can be
performed simultaneously for the current source circuit in the signal line
driver circuit, the setting operation can be performed for the current
source circuit even while the current source circuit is engaged in the
input operation (output of a current to the pixel). The period during which
the input operation (output of a current to the pixel) is performed for 20
the current source circuit corresponds to, for example, an address period
as an example. In one frame period, either one setting period Tc, or a
plurality of setting periods Tc may be provided. Further, the setting
period Tc may be provided anywhere within one frame period. In addition, it
may be such that video signal 25 waveforms in any one of the first to last
columns are not controlled to become High, and that video signal waveforms
in a plurality of columns of the first to last columns are controlled to
become High. Next, referring to FIG. 30, a description will be made of, as
a different example from that in the above, a case in which one current
source circuit 420 is 30 provided in each column. In the structure shown in
FIG. 30, one current source 67 ..   circuit 420 is disposed in each column.
In the current source circuit, there occurs a case where the setting
operation and the input operation cannot be performed simultaneously. Thus,
a case occurs in which the setting operation needs to be performed while
the input operation is not being performed, and the input 5 operation needs
to be performed while the setting operation is not being performed. In the
structure shown in FIG. 30, logical operators 452 are disposed, an output
of the storage circuit 451 is input to one of input terminals of -the
logical operator 452 (AND in FIG. 30), and a signal that is output from a
second storage i0 control line is input to the other input terminal. A
signal that is output from the output terminal of the logical operator
corresponds to the setting signal for the current source circuit 420. Also
in FIG. 30, the logical operators may be replaced by switches, as shown in
, FIG. 45 or 46. 15 With the logical operator 452 being disposed, a signal
input to a terminal a of the- current source circuit 420 is controlled by
the second storage control line, regardless of the data contained in the
storage circuit 451. Accordingly, the current source circuit 420 is set
such that either the setting operation or the input operation is
implemented. 20 FIGs. 31(A) to 31(C) each show a signal waveform of the
first storage control line and a signal waveform of the second storage
control line. First, the waveforms of the first and second storage control
lines in the full-frame method 



will be described using FIG. 31(A); and then, the waveforms of the first
and second storage control lines in the subframe method will be described
using FIGS. 25 31(B) and 31(C). In both the full-frame method and the
.subframe method, as shown in FIGS. 31 (A) to 31 (C), the waveform of the
first storage control line is set to. become High in the setting period Tc.
In addition, the waveform of the second storage control line is set to
become Low in the address period. An address period corresponds to a period
during which the current source 30 circuit 420 supplies a predetermined
current to the pixel in many cases. Hence, 68   in the address period, the
waveform of the second storage control line is set to become Low. Thus, the
current source circuit 420 is set to allow either the setting operation or
the input operation to be performed. In specific, by controlling the second
storage control line, the setting 5 operation of the current source circuit
disposed in, the signal line driver circuit can be terminated. The setting
operation of the current source circuit in the signal line driver circuit
needs to be terminated when the input operation of the current source
circuit needs to be performed in the case where the setting operation and
the input operation for the current source circuit cannot be performed l0
simultaneously. The input operation (output of a current to the pixel) of
the current source circuit is frequently performed in an address period. At
this time, the waveform of the second storage control line is preferably
set to Low during the address period. If the input operation (output of a
current to the pixel) of the current source circuit is performed during a
period other than the address period, 15 the waveform of the second storage
control line is preferably set Low in the period. This embodiment mode may
be arbitrarily combined with Embodiment Modes 1 to 5. 20 (Embodiment Mode
7J . , ~ The reference constant current source 109 for supplying a current
to the current source circuit may either be integrally formed with a signal
line driver circuit on a substrate or be disposed on the outside of the
substrate by using, for example, an IC. When integrally forming the current
source on the substrate, it 25 may be formed using any one of the current
source circuits shown in, for example, FIGs. 6 to 8, 39, 40, and 42.
Alternatively, it may be such that only one transistor is disposed, and the
current value is controlled in accordance with a voltage applied to a gate.
In this embodiment mode, the structure and the operation of the reference
constant current source 109 will be described. 30 As an example, FIG. 32
shows the simplest case, that is, the method of 69   applying a voltage to
the gate. A case where three current lines are necessary is shown here. If
only one current line is sufficient; transistors 1840 and 1850 and the
corresponding current lines may be simply eliminated from the structure of
FIG. 32. In FIG. 32, the magnitude of a current is controlled by adjusting
the 



5 gate voltages applied to a transistor 1830 and the transistors 1840 and
1850 from the outside via a terminal f. When the transistors 1830, 1840,
and 1850 are designed to attain the values of W/L to be set to 1 : 2 : 4,
respective ON currents are set to 1 : 2 : 4. Next, a description will be
made of the case where a current is supplied 10 from the terminal f in FIG.
33(A). As shown FIG. 32, in the case where a voltage is applied to the gate
to perform adjustment, the current value of the transistor may be varied in
accordance with temperature characteristics and the like. However, when the
current is input as shown in FIG. 33(A), the influence of the variation can
be suppressed. 15 In the structures shown in FIGs. 32 and 33(A), while a
current is flowing through the current lines, a voltage or current needs to
be kept flowing from the terminal f. However, when a current does not need
to be flown through the current lines, a voltage or current does not need
to be kept inputting from the terminal f. 20 In addition, as shown in FIG.
33(B), switches 1870 and 1880 and a capacitor element 1890 may be added to
the structure of FIG. 33(A). In this case, ..even while a current is
supplied to the current lines, the current supply from the reference IC
(supply of a current or voltage that is input from the terminal f) can be
terminated, and power consumption is therefore reduced. 25 In the
structures shown in FIGs. 32 and 33, information is shared with other
current source transistors disposed in the reference current source
circuit. Specifically, the gate terminals of the transistors 1830, 1840,
and 1850 are mutually connected. - FIG. 34 shows a case where the setting
operation is performed for each 30 current source circuit. In FIG. 34, a
current .is input from a terminal f, and the 70   timing is controlled with
a terminal e. Note that, any one of the structures shown in, for example,
FIGs. 6, 7, 39, 40, and 42 may be applied to the current source circuit.
The circuit shown in FIG. 34 corresponds to an example in which the 5
circuit of FIG. 6(A) is applied. Thus; the setting operation and the input
operation cannot be performed simultaneously. Therefore, in the case of
this circuit, the setting operation for the reference current source
circuit needs, to be performed with a timing at which a current does not
need to be flown through the current line. 10 FIG. 35 shows an example of a
polyphased case. Specifically, the example corresponds to the reference
constant current source 109 to which the structure of FIG. 44 is applied.
In the polyphased case, circuits of FIGS. 32 to 34 may also be applied.
However, since the value of current supplied to the current line is the
same, the setting operation is performed for respective current source 15
circuits by using the single current, thereby enabling a reduction in the
number of currents that are to be input from the outside. This embodiment
mode may be arbitrarily combined with Embodiment Modes 1 to 6. 20
[Embodiment Mode 8] An embodiment mode of the present invention will be
described using FIG. 54. Referring to FIG. 54(A), a signal line driver
circuit is disposed above a pixel portion, a constant current circuit is
disposed below the pixel portion, a current source A is disposed in the
signal line driver circuit, and a current source 25 B is disposed in the
constant current circuit. IA = IB + Idata is established, where . IA and IB
represent currents supplied from the respective current sources A and B,
and Ida,a represents a signal current supplied to pixels. In writing the
signal current to the pixel, setting is performed to supply a current
thereto from both the current sources A and B. At this time, when IA and 1B
are increased in 30 magnitude, the speed for writing a signal current to
the pixel can be increased. 71  



At this time, the setting operation of the current source B is performed by
using the current source A. A current formed by subtracting a current from
the current source B from a current from the current source A flows to the
pixel. Thus, the setting operation of the current source B is performed
using the current 5 source A, whereby influences of various noises and the
like can be reduced. Referring to FIG. 54(B), reference constant current
sources (hereinafter referred to as constant current source) C and E are
disposed above and below the pixel portion. The current sources C and E are
used to perform the setting .. operation for the current source circuits
provided in the signal line driver circuit 1o arid the constant current
circuit. A current source D corresponds to a current source for setting the
current sources C and E, and is supplied with a reference current from the
outside. In FIG. 54(B), the constant current circuit disposed in the lower
portion may be replaced by a signal line driver circuit. Thus, the signal
line driver i5 circuits can be disposed in both the upper and lower
portions. Then, the respective signal line driver circuits control the
upper and lower halves of a screen (the entire pixel portion). This enables
two lines of pixels to be controlled at the same time. Consequently, it is
possible to secure a sufficient time for the setting operation (signal
inputting operation) to, for example, the current source of the 20 signal
line driver circuit, the pixel, and the current source for the pixel.
Accordingly, the setting can be performed with more precision. This
embodiment mode may be arbitrarily combined with Embodiment Modes 1 to 7.
25 [Embodiment Mode 9] . In the above embodiment modes, primarily, the case
where the signal current control switch exist has been described. In this
embodiment mode, a description will be made of a case where the signal
current control switch is not provided, that is; a case where a current
{constant current) disproportional to a  30 video signal is supplied to a
wiring different from a signal line. In this case, the 72   switch 101
(signal current control switch) does not need to be disposed. Note that the
case where the signal current control switch does not exist is similar to
the case where the signal current control switch exists, except for the
absence of the signal current control switch. Thus, the case will be
briefly 5 described, and descriptions of the similar portions will be
omitted here. For comparison with the case where the signal current control
switch is disposed, FIG. 36 shows a structure corresponding to FIG. 1, and
FIG. 37 shows a structure corresponding to FIG. 2. FIG. 55(A) shows a
structure corresponding to FIG. 3(B). According to the embodiment modes
described above, the signal 10 current control switch is controlled by .the
video signal to output the current to the signal line. In this embodiment
mode, however, the current is output to a pixel current line, and the video
signal is output to the signal line. A schematic view of the pixel
structure in the above case is shown in FIG. 55(B). Next, a pixel operating
method will be briefly described. First, when a 



i5 switching transistor is ON, a video signal is passed through a signal
line, is input to a pixel, and. is then stored into a capacitor element. A
driving transistor is turned ON or OFF depending on the value of the video
signal. On the other hand, a current source circuit has a capability of
flowing a constant current. Hence, when the driving transistor is ON, the
constant current flows to a light emitting 20 element, and the light
emitting element emits light. When the driving transistor is OFF, since no
current flows to the light emitting element, the light emitting element
does not emit light. In this manner, an image is displayed. In this case,
however, only two states, namely, emission or non-emission, can be
displayed. For this reason, multi-gradation is implemented using, for
example, a time 25 gradation method and area gradation method. Note that,
for the portion of the current source circuit, any one of circuits of; for
example, FIGS. 6, 7, 39, 40, and 42 is used. The setting operation may be
performed to enable the current source circuit to be flown with a constant
current. When performing the setting operation for the. current source
circuit of the pixel, 30 the operation is performed by inputting the
current through a pixel current line. 73   The setting operation for the
current source circuit of the pixel may be performed an arbitrary number of
times at arbitrary time and an arbitrary timing. The setting operation for
the current source circuit of the pixel can be performed completely
independent of an operation for displaying an image. Preferably, the 5
setting operation is performed when charge stored in the capacitor element
provided in the current source circuit leaks. Next, the detailed structure
of a constant current circuit 414 of FIG. 55(A) is shown in FIGS. 56 and
57. Shown in FIG. 56 is the circuit in the case where FIG. 6(A) is applied
to the portion of a current source circuit. Shown in FIG. 57 i0 is the
circuit in the case where FIG. 6(E) is applied to the portion of a current
source circuit. In addition, a case is considered in which FIG. 37 is
applied to the portion of the current source circuit of FIG. 55(A). The
detailed structure of the constant current circuit 414 in the above case is
shown in FIG. 58. Here, FIG. 58 shows a 15 circuit in the case where FIG.
6(A) is applied to the portion of the current source circuit. The setting
operation is performed for one of the current sources by controlling a
control line, and the input operation can be simultaneously performed with
the other current source. In connection with the structure including the
storage circuits 451 in 20 addition to the current source circuits 420,
under comparison between the case of disposing a signal current control
switch and the case of not disposing a signal current control switch, FIG.
59 shows a structure corresponding to FIG. 27, FIG. 60 shows a structure
corresponding to FIG. 28, and FIG. 61 shows a structure corresponding to
FIG. 30. 25 Note that the case where the signal current control switch does
not exist is similar to the case where the signal current control switch
exists, except for the absence of the signal current control switch. Thus,
a detailed description thereof will be omitted. 



This embodiment mode may be arbitrarily combined with Embodiment 3o Modes 1
to 8. 74   [Embodiment Mode 10J In this embodiment mode, a detailed
description will be made of a signal line driver circuit 403 in the case
where storage circuits 4S1 are disposed. 5 First, a description will be
made of a case where a signal current control switch exists, that is, a
case where a current proportional to a video signal is supplied to a signal
line. Further detailed structures of the structure shown in FIG. 27 are
shown in FIGS. 62 and 63. The circuit shown in FIG. 62 corresponds to an
example in 10 which the circuit of FIG. 6(E) is applied. The circuit shown
in FIG. 63 corresponds to an example in which the circuit of FIG. 6(A) is
applied. According to FIG. 62, while the setting operation is being
performed for the current source circuit, the input operation (output of a
current to the pixel) can be performed at the same time. Accordingly, the
setting operation can be 15 performed in an address period during which-
the input operation is performed. Since information related to the
specified current source circuit that performs the setting operation is
stored in the storage circuit 4S 1, it is not influenced by variation in
the video signal. Next, a further detailed structure of FIG. 28 is shown in
FIG. 64. .The 20 circuit shown in FIG. 64 corresponds to an example in
which the circuit of FIG. 6(A) is applied. According to FIG. 64, the
operation of the current source circuit can be switched in accordance with
a signal supplied via a control line. Thus, the setting operation and the
input operation (output of a current to the pixel) can be 25 performed
simultaneously. Accordingly, in the address period during which the input
operation is performed, the setting operation can be performed for the
current source circuit to which the input operation is riot performed.
Since information related to the specified current source circuit that
performs the setting operation is stored in the storage circuit 451, it is
not influenced by variation in the 30 video signal. . 75  



Next, a further detailed structure of FIG. 30 is shown in FIG. 65. The
circuit shown in FIG. 65 corresponds to an example in which the circuit of
FIG. 6(A) is applied. According to FIG. 65, switching between the setting
operation for the current source circuit and the input operation (output of
a current to the 5 pixel) can be arbitrarily performed according to a
signal supplied from the logical operator 452. Next, a case where 3-bit
digital gradation display is performed will be described. A further
detailed structure of the structure of FIG. 27 is shown in FIG. 66. 10 The
circuit shown in FIG. 66 corresponds to an example in which the circuit of
FIG. 6(C) is applied. According to FIG. 66, even while the setting
operation is being performed for the current source circuit, the input
operation (output of a current to the pixel) can be performed at the same
time. Accordingly, the setting operation can be performed in an address
period during which the input operation 15 is performed. Since information
related to the specified current source circuit that performs the setting
operation is stored in the storage circuit. 451, it is not influenced by
variation in the video signal. A further detailed structure of the
structure of FIG. 28 is shown in FIG. 67. The circuit shown ,in FIG. 67
corresponds to an example in which the circuit of 20 FIG. 6(A) is applied.
According to FIG. 67, even while the setting operation is being performed
for the current source circuit, the operation of the current source circuit
can be switched in accordance with a signal supplied via the control line.
Thus, the setting operation and the input operation (output of a current to
the pixel) can be performed simultaneously. Accordingly, the setting
operation can 25 be performed for the current source circuit not being
engaged in the input operation in an address period during which the input
operation is to be performed. Since specification for the current source
circuit that performs the setting operation is stored in the storage
circuit 451, it is not influenced by variation in the video signal. 30 Note
that FIG. 67 shows a case where the number of reference constant 76
current sources is smaller than the number of display bits. That is, there
is shown a case where a transistor gate is connected, and the set
information is shared. Note that it may be such that the same number of
reference current 



sources as the number of display bits are disposed and that the setting
operation is 5 performed for current source circuits of each bit. A further
detailed structure of the structure of FIG. 30 is shown in FIG. 68. The
circuit shown in FIG.` 68 corresponds to an example in which the circuit of
FIG. 6(A) is applied. According to FIG. 68, switching - between the setting
operation for the current source circuit and the input operation (output of
a current 10 to the pixel) can be arbitrarily performed in accordance with
a signal supplied from the logical operator 452. Note that FIG. 68 shows a
case where the number of reference constant current sources is the same as
the number of display bits. That is, the setting operation is performed for
current source circuits of each bit. It may be such that the number of
reference current sources is made smaller than 15 the number of display
bits, arid that information related to the already set current source
circuit is shared. That is, the gates of transistors disposed in current
source circuits that mutually share the information may be connected. The
cases where the signal current control switch is disposed have been
described so , far. Next, a description will be made of a case where no
signal 2o current control switch is provided, that is, a case where a
current (constant current) disproportional to the 'video signal is supplied
to a wiring different from the signal line. In this case, the switch 101
(signal current control switch) is not disposed. Further detailed
structures of the structure shown in FIG. 59 are shown in 25 FIGs. 69 and
70. - The circuit shown in FIG. 69 corresponds to an example in which the
circuit of FIG. 6(E) is applied. The circuit shown in FIG. 70 corresponds
to an example in which the circuit of FIG. 6(A) is applied. According to
the structure of FIG. 69, even while the setting operation is -being
performed for the current source circuit, the input operation (output of a
30 current to the pixel) can. be performed at the same time. Accordingly,
the setting 77   operation can be performed for the current source circuit
disposed in the signal line driver circuit even in the period during which
the input operation is performed, that is, in the setting operation for the
current source circuit arranged in the pixel. Since information related to
the specified current source circuit that performs the 5 setting operation
is stored in the storage circuit 451, it . is not influenced by variation
in the video signal. In the case of the above structure, the address period
during which the video signal is input to the pixel is not identical to the
period during which the current source circuit in the signal line driver
circuit performs the input operation i0 (output of a current to the pixel).
Accordingly, even in the period during which the video signal is varying,
since the setting operation can be performed for the current source circuit
in the signal line driver circuit, the provision of the storage circuit 451
is very effective. 



A further detailed structure of that of FIG. 60 is shown in FIG. 71. The 15
circuit shown in FIG. 71 corresponds to an example in which the circuit of
FIG. 6(A) is applied. According to FIG. 71, even while the setting
operation is being performed for the. current source circuit, the operation
of the current source circuit can be switched according to a signal
supplied from the control line. Thus, the setting 20 operation and the
input operation (output of a current to the pixel) can be performed
simultaneously. Accordingly, the setting operation can be performed for the
current source circuit for which the input operation is not performed in
the address period during which the input operation is performed. Since
specification for the current source circuit that performs the setting
operation is 25 stored in the storage circuit 451, it is not influenced by
variation in the video signal. A further detailed structure of that of FIG.
61 is shown ~ in FIG. 72. The circuit shown in FIG. 72 corresponds to an
example in which the circuit of FIG. 6(A) is applied. . 30 According to
FIG. 72, switching between the setting operation .for the 78   current
source circuit and the input operation (output of a current to the pixel)
can be arbitrarily performed by the logical operator 452. Note that, in the
case where the signal current control switch is not disposed, that is, in
the case where a current (constant current) disproportional to the video
signal is supplied to a s wiring different from the signal line, the
address period during which the video signal is input to the pixel is not
identical to the period during which the current source circuit in the
signal line driver circuit performs the input operation (output of a
current to the pixel). Accordingly, even in the period during which the
video signal is varying, since the setting operation can be performed for
the current l0 source circuit in the signal line driver circuit, the
provision of the storage circuit 451 is very effective. Any one of the
structures of, for example, FIGs. 6, 7, 39, 40, and 42 can be applied to
the current source circuit. This embodiment mode may be arbitrarily
combined with Embodiment 15 Modes 1 to 9. [Embodiment 1] In this
embodiment, the time gradation method will be described in detail with
reference to FIG. 14. In display devices such as liquid crystal display 20
devices and light emitting devices, a frame frequency is about 60 (Hz).
That is, as shown in FIG. 14(A), screen rendering is performed about 60
times per second. This enables flickers (flickering of a screen) not to be
recognized by the human eye. At this time, a period during which screen
rendering is performed once is 



called one frame period. 25 As an example, in this embodiment, a
description will be made of a time gradation method disclosed in the
publication as Patent Document 1. In the time gradation method, one frame
period is divided into a plurality of subframe periods. In many cases, the
number of divisions is identical to the number of gradation bits. For the
sake of a simple description, a case where the number of divisions is ~~ s0
identical to the number of gradation bits. Specifically, since the 3-bit
gradation 79   is employed in this embodiment, an example is shown in which
one frame period is divided into three subframe periods SF1 to SF3 (FIG.
14(B)). Each of the subframe periods includes an address (writing) period
Ta and a sustain (light emission) period (Ts). The address period is a
period during 5 which a video signal is written to a pixel, and the length
thereof is the same among respective subframe periods. The sustain period
is a period during which the light emitting element emits light or does not
emit light in response to the video signal written in the address period
Ta. At this time, the sustain periods Ts1 to Ts3 are .set at a length ratio
of Tsl : Ts2 : Ts3 = 4 : 2 : 1. More specifically, io the length ratio of n
sustain periods is set to 2~-1~ : 2(n-2) : ... : 21 : 2~. Depending on
whether a light emitting element performs emission or non-emission in which
one of the sustain periods, the length of the period during which each
pixel emits light in one frame period is determined, and the gradation
representation is thus performed. 15 Next, a specific operation of a pixel
employing the time gradation method will be described. In this embodiment,
a description thereof will be - made. referring to the pixel shown in FIG.
16(B). A current input method is applied to the pixel shown in FIG. 16(B).
First, the following operation is performed during the address period Ta.
20 A first scanning line 602 and a second scanning line 603 are selected,
and TFTs 606 and 607 are turned ON. A current flowing through a signal line
601 at this time is used as a signal current Idata. Then, when a
predetermined charge has been accumulated in a capacitor element 610,
selection of the first and second scanning lines 602 and 603 is terminated,
and the TFTs 606 and 607 are turned 25 OFF. Subsequently, the following
operation is performed in the sustain period Ts. A scanning line 604 is
selected, and a TFT 609 is turned ON. Since the predetermined charge that
has been written is stored in the capacitor element 610, the TFT 608 is
already turned ON, and a current identical with the signal current 30 Idata
flows thereto from a current line 605. Thus, a light emitting element 611
80  



emits light. The operations described above are performed in each subframe
period, thereby forming one frame period. According to this method, the
number of divisions for subframe periods may be increased to increase the
number of display 5 gradations. The order of the subframe periods does not
necessarily need to be the order from an upper bit to a lower bit as shown
in FIGS. 14(B) and 14(C), and the subframe periods may be disposed at
random within one frame period. In addition, the order may be variable
within each frame period. Further, a subframe period SF2 of an m-th
scanning line is shown in FIG. 10 14(D). As shown in FIG. 14(D), in the
pixel, upon termination of an address period Ta2, a sustain period Ts2 is
immediately started. Next, a timing chart of a portion related to the
current source circuit in the signal line driver circuit will be described.
More specifically, a timing chart of a portion related to the setting
operation for the current source circuit will be 15 described. Basic
timings are as described below. First, an address period terminates. Then,
in a period Tc during which no scanning line has been selected during a
sustain period, selection is performed for a current source circuit for
which a setting operation is performed. Subsequently, the setting operation
for the 20 current source circuit of the signal line driver circuit starts.
The setting operation terminates immediately before the start of the
address period. Meanwhile, it may be such that the period Tc is provided
again; a selection is performed for a current source . circuit for which
the setting operation is performed; and the setting operation is performed
for the selected current source circuit. Thus, the setting 25 operation may
be performed between address periods. However, there is a case where the
setting operation cannot be performed during the period described above.
This is a case where, in the period, the current source circuit of the
signal line driver circuit is engaged in an input operation (output of a
current to the pixel), and also, the current source circuit of 30 the
signal line driver circuit is not -capable of simultaneously performing the
.81   setting operation and the input operation. A case where the current
source circuit of the signal line driver circuit performs the input
operation (output of a current to the pixel) between address periods often
corresponds to a case where the pixel with the structure shown in FIG.
55(B) is provided. 6 In contrast, there is a case where the setting,
operation can be performed for the current source circuit of the signal
line driver circuit during the address period. The case corresponds to a
case where the storage circuits 451 is provided as in any one of, for
example, FIGs..27, 28, and 30. In this case, even during the address
period, the current source circuit of the signal line driver circuit can be
l0 simultaneously engaged in a setting operation and an input operation. In



addition, when the current source circuit of the signal line driver circuit
is not engaged in the input operation during the address period, the
current source circuit of the signal line driver circuit can perform the
setting operation even with a current source circuit of any structure. 15 ~
The reason for this is that since the storage circuit 451 contains the
information related to the current source circuit for which the setting
operation is performed, the operations are not influenced by variation in
the video signal during the address period. Thus, in the case where the
setting operation and the input operation of the current source circuit of
the signal line driver circuit can be 20 implemented simultaneously, the
setting operation and the input operation of the current source circuit of
the signal line driver circuit can be implemented simultaneously even
during the address period. Even if the case where the setting operation and
the input operation of the current source circuit of the signal line driver
circuit cannot be performed simultaneously, when the current source 25
circuit of the signal line driver circuit is not engaged in the input
operation (output of a current to the pixel) in the address period, the
setting operation of the current source circuit of the signal line driver
circuit can be implemented. According to the present invention, the setting
operation for the current source circuits may be performed either
sequentially by each or at random. 30 . Further, in the case where the
periods during which the setting operation is 82   performed are dotted in
one frame, the setting operation may be performed by effectively using the
periods. Further, the setting operation for a11 the current source circuits
may be not performed within one frame period, but performed in several
frame periods or more. Thus, the setting operation for the current source 5
circuits can be precisely performed using a sufficient time. This
embodiment may be arbitrarily combined with Embodiment Modes 1 to 10.
(Embodiment 2] 10 In this embodiment, example structures of pixel circuits
provided in the pixel portion will be described with reference to FIGs. 13
and 73. Note that the present invention may be applied to a pixel of any
structure as long as the structure includes a current input portion. A
pixel shown in FIG. 13(A) includes a signal line 1101, first and second 15
scanning lines 1102 and 1103, a current line (power supply line) 1104, a
switching TFT 1105, a holding TFT 1106, a driving TFT 1107, a conversion
driving TFT 1108, a capacitor element 1109, and a light emitting element
11i0. The signal 



line 1101 is connected to a current source circuit 1111. Note that the
current source circuit 1111 corresponds to the current source 20 circuit
420 disposed in the signal line driver circuit 403. In the pixel of FIG.
13(A), the gate electrode of the switching TFT 1105 is connected to the
first scanning line 1102, a first electrode thereof is connected to the
signal line 1101, and a second electrode thereof is connected to a first
electrode of the driving TFT 1107 and a first electrode of the conversion
driving 25 TFT 1108. The gate electrode of the holding TFT 1106 is
connected to the second scanning line 1103, a first electrode thereof is
connected to the signal line 1102, and a second electrode thereof is
connected to the gate electrode of the driving TFT 1107 and the gate
electrode of the conversion driving TFT 1108. A second electrode of the
driving TFT 1107 is connected to the current line (power 30 supply line)
1104, and a second electrode of the conversion driving TFT 1108 is 83
connected to one of the electrodes of the light emitting element 111U. The
capacitor element 1109 is connected between the gate electrode of the
conversion driving TFT 1108 and a second electrode thereof, and retains a
gate-source voltage of the conversion driving TFT 1108. The current line
(power supply 5 line) 1104 and the other electrode of the light emitting
element 1110 are respectively input with predetermined potentials and have
mutually different potentials. The pixel of FIG. 13(A) corresponds to the
case where a circuit of FIG. 40(B) is applied to a pixel. However, since
the current-flow direction is different, l0 the transistor polarity is
reverse. The driving TFT 1107 of FIG. 13(A) corresponds to a TFT 126 of
FIG. 40(B), the conversion driving TFT 1108 of FIG. 13(A) corresponds to a
TAT 122 of FIG. 40(B), and the holding TFT 1106 of FIG. 13(A) corresponds
to the TFT 124 of FIG. 40(B). A pixel shown in FIG. 13(B) includes a signal
line 1151, first and second 15 scanning lines 1142 and 1143, ,a current
line (power supply line) 1144, a switching TFT 1145, a holding TFT 1146, a
conversion driving TFT 1147, a driving TFT 1148, a capacitor element 1149,
and a light emitting element 1140. The signal line 1151 is connected to a
current source circuit 1141. Note that the current source circuit 1141
corresponds to the current source 2o circuit 420 disposed in the signal
line driver circuit 403. In the pixel of FIG. 13(B), the gate electrode of
the switching TFT 1145 is 



connected to the first scanning line 1142, a first electrode thereof is
connected to the signal line 1151, and a second electrode thereof is
connected to a first electrode. of the driving TFT 1148 and a first
electrode of the conversion driving 25 TFT 1148. The gate electrode of the
holding TFT 1146 is connected to the second scanning line 1143, a first
electrode thereof is connected to the first electrode of the driver TFT
1148, and a second electrode thereof is connected to the gate electrode of
the driving TFT 1148 and the gate electrode of the conversion driving TFT
1147. A second electrode of the conversion driving TFT 30 1147 is connected
to the current line (power supply line) 1144, and a second 84   electrode
of the conversion driving TFT 1147 is connected to one of the electrodes of
the light emitting element 1140. The capacitor element 1149 is connected
between the gate electrode of the conversion driving TFT 1147 and a second
electrode thereof, and retains a gate-source voltage of the conversion
driving TFT 5 1147. ~ 'The current line (power supply line) 1144 and the
other electrode of the light emitting element 1140 are respectively input
with predetermined potentials and have mutually different potentials. ..
Note that the pixel of FIG. 13(B) corresponds to the case where a circuit
of FIG. 6(B) is applied to a pixel. However, since the current-flow
direction is l0 different, the transistor polarity is reverse. The
conversion driving TFT 1147 of FIG. 13(B) corresponds to a TFT 122 of FIG.
6(B), the driving TFT 1148 of FIG. 13(B) corresponds to a TFT 126 of FIG.
6(B), and the holding TFT 1146 of FIG. 13(B) corresponds to the TFT 124 of
FIG. 6(B). A pixel shown in FIG. 13(C) includes a signal line 1121, a first
scanning 15 - line 1122, a second scanning line 1123, a third scanning line
1135, a current line (power supply line) 1124, a switching TFT 1125; a
pixel current line 1138, an erasing TFT 1126, a driving TF'T 1127, a
capacitor element 1128, a current-supply TFT 1129, a mirror TFT 1130, a
capacitor element 1131, a current-input TFT 1132, a holding TFT 1133, and a
light emitting element 1136. The pixel current 20 line 1138 is connected to
a current source circuit 1137. In the pixel of FIG. 13(C), the gate
electrode of the switching TFT 1125 is connected to the first scanning line
1122, a first electrode of the switching TFT 1125 is connected to the
signal line 1121, and a second electrode of the switching TFT 1125 is
connected to the gate electrode of the driving TFT 1127 and a first 26
electrode of the erasing TFT 1126. The gate electrode of the erasing TFT
1126 is connected to the second scanning line 1123, and a second electrode
of the erasing TFT 1126 is connected to the current line (power supply
line) 1124. A first 



electrode of the driving TFT 1127 is connected to one of the electrodes of
the light emitting element 1136, and a second electrode of the driving TFT
1127 is 30 connected , to a first electrode of the current-supply TFT 1129.
A second 85   electrode of the current-supply TFT 1129 is connected to the
current line (power supply line) 1124. One of the electrodes of the
capacitor element 1131 is connected to the gate electrode of the
current-supply TFT 1129 and the gate electrode of the mirror TFT 1130 and
the other electrode thereof is connected to 5 the current line (power
supply line) 1124. A first electrode of the mirror TFT 1130 is connected to
the current line 1124, and a second electrode of the mirror TFT 1130 is
connected to a first electrode of the current-input TFT 1132. A second
electrode of the current-input TFT 1132 is connected to the current line
(power supply line) 1124, arid the gate electrode of the current-input TFT
1132 is to connected to the third scanning line 1135. The gate electrode of
the current holding TFT 1133 is connected to the third scanning line 1135,
a first electrode of the current holding TFT 1133 is connected to the pixel
current line 1138, a second electrode of the current holding TFT 1133 is
connected to the gate electrode of the current-supply TFT 1129 and the gate
electrode of the mirror TFT 1130. The i5 current line (power supply line)
1124 and the other electrode of light emitting element 1136 are input with
predetermined potentials and have mutually different potentials. In this
case, the current source circuit 1137 corresponds to the current source
circuit 420 disposed in the signal line driver circuit 403. 20 Note that
the pixel of FIG. 13(C) corresponds to the case where the circuit of .FIG.
6(E) is applied to the pixel of FIG. 55(B). However, since the current-flow
direction is different, the transistor polarity is opposite. As described
above, the erasing TFT 1126 is additionally provided in the pixel of FIG.
13(C). The disposition of the erasing TFT 1126 enables the length of the 25
lightening period to be arbitrarily controlled. The switching TFT 1125
serves to control the supply of the video signal to the pixel. The erasing
TFT 1126 serves to cause charge retained in the capacitor element 1131 to
be discharged. The conductivity/non-conductivity of the driving TFT 1127 is
controlled according to the charge retained in the capacitor element 30
1131. The current-supply TFT 1129 and the mirror TFT 1130 together form a
ss   current mirror circuit. The current line 1124 and the other electrode
of the light emitting element 1136 are input with predetermined potentials
and mutually have potential differences. To be more specific, when the
switching TFT 1125 is turned ON, a video 5 signal is input to the pixel
through the signal line 1121 and is held in the capacitor element 1128. The
driving TFT 1127 is turned ON or OFF depending on the value of the video
signal. Thus, when the driving TFT 1127 is ON, a constant current flows to
the light emitting element, and the light emitting element emits light.
When the driving TFT 1127 is OFF, no current flows to the light emitting l0
element, and the light emitting element does not emit light. In this
manner, an image is displayed. In addition, the current source circuit is
formed of, for example, the current-supply TFT 1129, the mirror TFT 1130,
the capacitor element 1131, the current-input TFT 1132, and the holding TFT
1133. The current source circuit includes a capacity of flowing a constant
current. Current 



15 is passed through the pixel current line 1138 and is then input to the
current source circuit, and the setting operation is performed. Thus, even
when variation occurs in the characteristics of the transistors
constituting the current source circuit, variation does not occur in the
magnitude of current that flows from the current source circuit to the
light emitting element. The setting operation for the current 20 source
circuit of the pixel can be performed independent of the operations of, for
example, the switching TFT 1125 and the driving TFT 1127. A pixel of FIG.
73(A) corresponds to the case where the circuit of FIG. 6(A) is applied to
the pixel of FIG. 55(B). However, since the current-flow direction is
different, the transistor polarity is opposite. 25 . The pixel of FIG.
73(A) includes, for example, a current-supply TFT 1129, a capacitor element
1131, a holding TFT 1133, and a pixel current line 1138 (Ci). The pixel
current line 1138 (Ci) is connected to a current source circuit 1137. Note
that the current source circuit 1137 corresponds to the current source
circuit 420 disposed in the signal line driver circuit 403. . 30 A pixel of
FIG. 73(B) corresponds to the case where the circuit of FIG. 87   ~7(A) is
applied to the pixel of FIG. 55(B). However, since the current-flow
direction is different, the transistor polarity is opposite. The pixel of
FIG. 73(B) includes, for example, a current-supply TFT 1129, a capacitor
element 1131, a holding TFT 1133, and a pixel current line 1138 (Ci). 5 The
pixel current line 1138 (Ci) is connected to a current source circuit 1137.
Note that the current source circuit 1137 corresponds to the current source
circuit 420 disposed in the signal line driver circuit 403. The pixel of
FIG. 73(A) and the pixel of FIG. 73(B) are mutually different in the
polarities of the respective current-supply TFTs 1129. Because of the 10
difference in the polarities, connections of the capacitor element 1131 and
the holding TFT 1133 are different. As described above, pixels have various
structures. Here, the pixels described above can be broadly classified into
two types. The first type inputs a current corresponding to the video
signal to the signal line. This type 15 corresponds to, for example, the
structures of FIGs. 13(A) and 13(B). In the respective structures, the
signal line driver circuit includes the signal current control switch, as
shown in FIGS. 1 and 2. The other type inputs a video signal to the signal
line, and inputs to the pixel current line a constant current unrelated to
the video signal, that is, the pixel as shown in FIG. 55 (B). The structure
20 corresponds to, for example, FIGs. 13(C), 73(A), and 73(B). In this
case, the signal line driver circuit, as those of FIGS. 36 and 37, does not
include the signal current control switch. Hereinafter, timing charts
corresponding to the above-described pixel types will be described. First,
cases where digital gradation and time gradation 25 are combined. However,
it is variable depending on, for example, the pixel type or the structure
of the signal line driver circuit. Thus, timing charts for the respective
structures will be described. First, the pixel type that inputs the current
corresponding to the video signal to the signal line will be described
hereinafter. The pixel is assumed to 30 have the structure of FIG. 13(A) or
13(B). The signal line driver circuit is 88   assumed to take the structure
of FIG. 3(A) or 3(B). The timing chart in that case is shown in FIG. 74. 



Also assumed are that 4-bit gradations are represented, and that the number
of subframes is four for the convenience of simplifying the description. 5
First, a first subframe period SF1 starts. A scanning line (such as the
first scanning line 1102 shown in FIG. 13(A), or the first scanning line
1132 shown in FIG. 13(B)) is selected on a line basis, and current is input
through a signal line (such as the signal line 1101 in FIG. 13(A) or the
capacitor element 1131 in FIG. 13(B)). The current has a value
corresponding to that of the video signal. l0 Upon termination of a
lightening period Ts 1, a subsequent subframe period SF2 starts, and
scanning is performed similar to the case of the subframe period SFl. Then,
a subsequent subframe period SF3 starts, and scanning is performed
similarly. However, since the length of a lightening period Ts3 is shorter
than an address period Ta3, light is forced not to be emitted. That is, the
input video 15 signal is erased or current is controlled not to flow to the
light emitting element. To erase the video signal, the second scanning line
(such as the second scanning line 1103 in FIG. 13(A) or the second scanning
line 1133 in FIG. 13(B)) is selected on a line basis. As a result, the
video signal is erased to cause the light emitting element to be in the
non-emission state. Then, a subsequent subframe . 20 period SF4 starts.
Also in this stage, scanning is performed similar to the case of the
subframe period SF3; and the light emitting element is brought into the
non-emission state similarly. Described above is the timing chart relevant
to- the image display operation, that is, pixel operation. Next, described
hereinafter is a timing chart 25 of the setting operation for the current
source circuit disposed in the signal line driver circuit. In this case,
during the setting period Tc, the video signal is used to specify a current
source circuit for which the setting operation should be performed among
the plurality of current source circuits. Thus, the setting operation
cannot be performed while the video signal is varying, that is, during the
. 30 address period. The reason is that, while the setting operation is
attempted 89 , .   during the address period, the video signal is varying
in manners different depending on the image. To be more specific, the input
operation of the current source circuit of the signal line driver circuit
is performed between the address periods (such as Tal 5 and Ta2) in each
subframe period. Hence, the setting operation of the current source circuit
of the signal line driver circuit should be performed during a period other
than the address period. ` Accordingly, the setting operation for the
current source circuit disposed in the signal line driver circuit should be
performed during setting operation periods Tbl to Tb4 other than the
address period, as shown in to FIG. 74. In this case, the setting operation
may be performed during a period between the address period Ta1 and the
address period Ta2, or may be performed during a period between the address
period Ta2 and the address period Ta3, or may be performed by using both
the periods. In addition, while the plurality of setting operation periods
Tb are disposed in the period between the address period 15 Ta1 and Ta2,
only one setting operation period Tb may be disposed. Further, instead of
providing one setting operation periods Tb, a plurality of setting
operation periods Tb may be disposed in the period between the address
periods Ta2 and Ta3. 



Next, the. pixel has supposedly the structure of either FIG. 13(A) or FIG.
20 13(B), and the signal line driver circuit includes supposedly the
storage circuit 451 as in the structures of FIGS. 27 and 28. Since timing
chart relevant to the image display operation, that is, the pixel
operation, is similar to that described above, a description thereof will
be omitted here. FIG. 75 shows timing of the setting operation for the
current source circuit disposed in the signal line driver circuit. 25 In
the shown case, even when the video signal is varying, information related
to a current source circuit in a column for which the setting operation is
performed is held in the storage circuit 451. Thus, in the case where the
current source circuit is capable of simultaneously performing the setting
operation and the input -- operation, the setting operation can be
performed even in the address period. 30 Thus, setting periods Tc are
respectively provided before, for example, setting 90   operation periods
TbS, Tb7, TbB, and Tbl. During the setting period Tc, a current source
circuit for which the setting operation is performed is selected, and the
setting operation period is then commenced. Thus, in the structure where
the current source circuit of the signal line driver circuit can
simultaneously perform 5 the setting operation and the input operation
(output of current to the pixel), a setting operation period Tb5 can be
provided even in the address period. Thus, according to the timing charts
of FIGs. 74 and 75, many setting operation periods can be provided.
Accordingly, the period during which all the current source circuits
disposed in the signal line driver circuit respectively 10 perform the
setting operation can be reduced. Alternatively, the period during which
the setting operation is performed for the current source circuit can be
prolonged. Consequently, the setting operation can be performed with even
higher precision. Next, a description will be given of the pixel type that
inputs a video ~15 signal to the signal line and then inputs a constant
current unrelated to the video signal to the pixel current line. The signal
line driver circuit is assumed to have the structure of FIG. 55(A). The
pixel is assumed to have the structure of, for example, FIG. 13(C), 55(B),
73(A), or 73(B). In the aforementioned pixel, however, the setting
operation needs to be performed also for the current source 20 circuit
disposed in the pixel. Thus, the operation of the current source circuit of
the pixel is variable depending on whether the current source circuit is
capable of simultaneously performing the setting operation and the input
operation. FIG. 76 shows a timing chart in the case where the setting
operation and the input operation of the current source circuit of the
pixel can be performed 25 simultaneously, that is, a timing chart in the
case where the pixel has the structure of FIG. 13(C). First, the image
display operation, that is, operations related to the switching transistor
of the pixel, the driving transistor, and the like will be described below.
Since the- operations are almost the same as those described 30 above, they
will be briefly described. First, a first subframe period SF1 starts. 91
A scanning line (first scanning line 1122 in FIG. 13(C)) is selected on a
line basis, and a video signal is input through a signal line (signal line
1121 in FIG. 13(C)). The video signal is ordinarily a voltage, but it may
be a current. Upon termination of a lightening period Tsl, a subsequent
subframe period SF2 starts, 5 and scanning is performed similar to the case
of the first subframe period SF1. Then, a subsequent subframe period SF3
starts, and scanning is performed similarly. However, since the length of a
lightening period Ts3 is shorter than an address period Ta3, light is
forced not to be emitted. That is, the input video signal is erased or
current is controlled not to flow to the light emitting element. 10 To
erase the input video signal, the second scanning line (the second scanning
line 1123 in FIG. 13(C)) is selected on a line basis. As a result, the
video signal is erased, and the driving TFT 1127 is brought into the OFF
state. Thus, the light emitting elements can be brought into the
non-emission state. ' Then, a subsequent subframe period SF4 starts. Also
in this stage, scanning is performed 15 as in the case of the subfrarne
period SF3 and light emitting elements are brought into the non-emission
state similarly. Next, the setting operation for the current source circuit
of the pixel will be described. In the structure of FIG. 13(C), the setting
operation and the input operation of the current source circuit of the
pixel can be performed 20 simultaneously. Accordingly, the setting
operation for the current source circuit of the pixel can be performed
.with an arbitrary timing. During the setting period Tc, the video signal
is used to specify a current source circuit for which the setting operation
should be performed. Thus, the setting operation cannot be performed while
the video signal is varying, that is, 25 during the address period. The
reason is that, while the setting operation is attempted during the address
period, the video signal is varying in manners different depending on the
image. Hence, in the case the setting operation and the input operation
(output of current to the pixel) of the current source circuit of the
signal line driver circuit cannot be performed simultaneously, as shown in
FIG. 



30 76, the setting operation of the current source circuit of the signal
line driver 92   circuit should be performed during a period between
address periods, and concurrently, the setting operation for the current
source of the pixel (input operation of the current source circuit of the
signal line driver circuit) is not performed. On the other hand, in the
case the setting operation and the input 5. operation (output of current to
the pixel) of the current source circuit of the signal line driver circuit
can be performed simultaneously, as shown in FIG. 77, the setting operation
of the current source circuit of the signal line driver circuit should be
performed during a period between address periods. According to the timing
charts of FIGs. 76 and 77, while the plurality of setting operation periods
IO Tb are disposed in the period between the address periods Ta 1 and Ta2,
only one setting operation period Tb may be disposed. Next, the pixel has
supposedly the structure of FIG. 13(C), and the signal line driver circuit
includes supposedly the storage circuit 451 as in the structures of FIGS.
59 and 60. Since a timing chart related to the image display operation, 15
that is, the pixel operation, is similar to that described above, a
description thereof will be omitted here. Referring to FIGs. 78 and 79,
timings of the setting operations for the current source circuit disposed
in the signal line driver circuit will be described below. In the shown
case, since information related to a current source circuit for which the
setting operation is performed is held in the 20 storage circuit 451, even
when the video signal is varying, the setting operation of the current
source circuit can be performed. Thus, in this structure, setting periods
Tc are respectively provided before, for example, setting operation periods
Tb 1 and TbS. During the setting period Tc, a current source circuit for
which the setting operation is performed is selected, and the setting
operation period is then 25 commenced. Thus, the setting operation period
Tb5 and the like can be provided even in the address period. In the
structure where the setting operation and the input operation cannot be
performed simultaneously, as shown in FIG. 78, while the setting operation
is being performed for the current source of the pixel, the setting
operation cannot be 30 performed for the current source circuit disposed in
the signal line driver circuit. 93   In this case, the arrangement needs to
be made such that a setting period Tc is provided before the setting
operation is performed for the current source of the pixel, and data in the
storage circuit 451 is modified during the setting period Tc so that no
current source circuit does not perform the setting operation. Thus, as 5
shown in FIG. 78, for example, setting periods Tc need to be provided after
the setting operation period TbS. On the other hand, in the structure where
the setting operation and the input operation of the current source circuit
can be performed simultaneously, as shown in FIG. 79, the setting operation
can ~ be performed for the current source circuit of the signal line driver
circuit even while l0 the setting operation is being performed for the
current source of. the pixel. According to the timing chart shown in FIG.
79, many setting operation periods can be provided. Accordingly, the period
during which a11 the current source circuits disposed in the signal line
driver circuit respectively perform the setting operation can be reduced.
Alternatively, the period during which the setting 



i5 operation is performed for . each current source circuit can be
prolonged. Consequently, the setting operation can be performed even more
precisely. Next, the pixel has supposedly the structure of FIG. 13(C), and
the signal line driver circuit includes supposedly the storage circuit 451
as in the structure of FIG. 61. Since a timing chart related to the image
display operation, that is, the 20 pixel operation, is similar to that
described above, a description thereof will be omitted here. FIG. 80 shows
the timing of the setting operation for the current source circuit disposed
in the signal line driver circuit. In the shown case, even when the video
signal is varying, since predetermined information is held in the storage
circuit 451, the setting operation of the current source circuit can be 25
performed. Hence, the setting operation can be performed even in the
address period. In addition, use of the logical operator 452 enables the
setting operation to terminate during an arbitrarily period and the like.
Thus, setting periods Tc need not to be provided before the setting
operation of the current source circuit disposed in the pixel is performed.
The setting operation can also be terminated 30 even during the address
period by controlling the second storage control line. 94   According to
this structure, arbitrary adjustment can be performed for length of the
period during which the setting operation of the current source circuit of
the pixel is performed and the length of the period during which the
setting operation of the current source circuit of the signal line driver
circuit is performed. 5 Next, FIG. 81 shows a timing chart in the case
where the pixel is of the type that inputs a video signal to the signal
line and then inputs a constant current unrelated to the video signal to
the pixel current line, and concurrently, the setting operation and the
input operation of the current source circuit of the pixel cannot be
performed simultaneously, that is, in the case where the pixel has the
structure 10 of FIG. 73(A) or 73(B). First, since the image display
operation, that is, operations related to the switching transistor and the
driving transistor of the pixel, and the like are substantially the same as
those in the above-described case shown in FIG. 76, they will be briefly
described. First, a first subframe period SF1 starts. A scanning line
(first scanning line 1122 in either of FIGS. 73(A) and 15 73(B)) is
selected on a line basis, and a video signal is input through a signal line
(signal line 1121 in FIGs. 73(A) and 73(B)). The video signal is ordinarily
a voltage, but it may be a current. Upon termination of a lightening period
Tsl, a subsequent subframe period SF2 starts, and scanning is performed
similar to the case of the subframe period SF1. Then, a subsequent subframe
period SF3 starts, 2o and scanning is performed similarly. However, since
the length of a lightening period . Ts3 ~is shorter than that of an address
period Ta3, light is forced not to be emitted. That is, the input video
signal is erased or current is controlled not to flow to the light emitting
element. In order to prevent current from flowing in the light emitting
element, the second scanning line (the second scanning line 25 1123 in FIG.
13(C)) is put into a non-selected state on a line basis. As a result, the
easing TFT 1127 is brought into the OFF state. Thus, current-flow paths are
blocked, and the light emitting elements can be brought into the
non-emission state. Then, a subsequent subframe period SF4 starts. Also in
this stage, scanning is performed as in the case of the subframe period SF3
and light emitting 3o elements are brought into the non-emission state
similarly. 95   Next, the setting operation for the current source circuit
of the pixel will be described. In the structures of FIGS. 73(A) and 73(B),
the setting operation 



and the input operation of the current source circuit disposed in the pixel
cannot be performed simultaneously. Accordingly, the setting operation for
the current 5 source circuit of the pixel should be performed while the
current source circuit of the pixel is not engaged in the input operation,
that is, while no current is flowing , to the light emitting element. In
addition, the setting operation of the current source circuit disposed in
the signal line driver circuit should be performed during a period other
than a period during which the current source circuit of the pixel is 10
performing the setting operation and performed between the address periods.
Since the case is as described above, the setting operation for the current
source circuit of the pixel should be performed during a non-lightening
period (Td3 or Td4); and the setting operation of the current source
circuit of the signal line driver circuit should be performed between
address periods. FIG. 81 shows 15 a timing chart in the case where setting
operations are performed for the current source circuit disposed in the
pixel during non-lightening periods (Td3 and Td4) of subframe periods SF3
and SF4, and in addition, the setting operation is performed for current
source circuit of the signal line driver circuit during a period between
the address periods Tal and Ta2 or between the address periods Ta2 and 2o
Ta3. Note that there is a case in which it is difficult to precisely
perform the setting operation for the current source circuit disposed in
the pixel since the period during which the setting operation is performed
for the current source circuit disposed in the pixel is short only with the
non-lightening period. In this 25 case, as shown in FIGs. 82 and 83, it may
be such that a non-lightening period is forcedly is provided before each
address period, and the setting operation is performed for the current
source circuit of the pixel in the non-lightening period. Here, FIG. 82
shows a case where the setting operation for the current source circuit in
the signal line driver -circuit and the input operation thereof cannot be
3o performed simultaneously. On the other hand, FIG. 83 shows a case where
the 96   setting operation for the current source circuit in the signal
line driver circuit and the input. operation thereof can be performed
simultaneously. Next, a description will be given of a case where the pixel
has the structure of FIG. 73(A) or 73(B), and the signal line driver
circuit includes the 5 storage circuit 451 as in the structures of FIGs. 59
and 60. Since a timing chart regarding the image display operation, that is
the pixel operation, is similar to that 



described above, a description thereof will be omitted here. FIGs. 84 and
85 show timings of the setting operations ~ for the current source circuit
disposed in the signal line driver circuit. In the shown case, even when
the video signal is 10 varying, predetermined information is held in the
storage circuit 451. Accordingly, the setting operation can be performed
for the current source circuit. Thus, setting periods Tc are respectively
provided before, for example, the setting operation periods Tb4. During the
setting period Tc, a current source circuit for which the setting operation
is performed is selected, and the setting operation i5 period is then
commenced. Thus, as .shown in FIG. 83, for example, the setting operation
period Tb4 can be provided even in the address period. In the structure
where the setting operation and the input operation of the current source
circuit cannot be performed simultaneously, as shown in FIG. 84, while the
setting operation is being performed for the current source of the pixel,
20 the setting operation cannot be performed for the current source circuit
disposed in the signal line driver circuit. In this case, the arrangement
needs to be made such that a setting period Tc is provided before the
setting operation is performed for the current source of the pixel, and
data in the storage circuit 451 is modified during the setting period Tc1
so that no current source circuit does not perform the 25 setting
operation. Thus, as shown in FIG. 84, setting periods Tc need to be
provided after, as an example, the setting operation period T65. On the
other hand, in the structure where the setting operation and the input
operation of the current source circuit can be performed simultaneously, as
shown in FIG. 85, the setting operation can be performed for the current
source circuit of the signal line 30 driver circuit even while the setting
operation is being performed for the current 97   source of the pixel. As
described above, according to the structures of FIGS. 84 and 85, many
setting operation periods can be provided in one frame period. Accordingly,
the period during which all the current source circuits disposed in the
signal line 5 driver circuit respectively complete the setting operation
can be reduced. Alternatively, the period during which the setting
operation is performed for the current source circuit can be prolonged.
Consequently, the setting operation can be performed even more precisely.
Next, a description will be given of a case where the pixel has the 10
structure of FIG. 73(A) or 73(B), and the signal line driver circuit
includes the storage circuit 451 as in the structure of FIG. 61. Since a
timing chart regarding the image display operation, that is, the pixel
operation, is similar to that described above, a description thereof will
be omitted here. FIG. 86 shows a timing chart of the setting operation far
the current source circuit disposed in the signal line 15 .driver circuit.
In the shown case, even when the . video signal is varying, predetermined
information is held in the storage circuit 451. Accordingly, the setting
operation can be performed for the current source circuit. Thus, the 



setting operation can be also performed for the current source circuit
disposed in the signal line. driver circuit even in the address period. In
addition, control of 20 the logical operator 452 enables the setting
operation to terminate during an arbitrarily period. Thus, setting periods
Tc need not to be provided before execution of the setting operation of the
current source circuit disposed in the pixel. The setting operation can
also be terminated even at a halfway point of the address period by
controlling the second storage control line. According to this 25 -
structure, arbitrary adjustment can be performed for length of the period
during which the setting operation of the current source circuit of the
pixel is performed and the length of the period during which the setting
operation of the current sourer circuit of the signal line driver circuit
is performed. In the above, the timing charts in the cases where digital
gradation and .. 30 time gradation are combined have been described.
Hereinafter, timing charts in 98   the case of analog gradation will be
described. First, the pixel is assumed to have the structure of FIG. 13(A)
or 13(B). The signal line driver circuit is assumed to have the structure
of any one of FIGS. . 5, 49, and 50. The timing chart in that case is shown
in FIG. 9. A scanning line b (the first scanning line 1102 shown in SIG.
13(A) or the first scanning line 1132 shown in FIG. 13(B)) is selected on a
line basis, and current is input through a signal line (1101 in FIG. 13(A)
or 1131 in FIG. 13(B)). The current has a value corresponding to that of
the video signal. The operations of selection made on a line bases and
input of the current from the signal line are performed through one 10
frame period. The timing chart related to the image display operation, that
is, the pixel operation is as described above. Next, the timing of the
setting operation of the current source circuit disposed in the signal line
driver circuit will be described. Ordinarily, the input operation of the
current source circuit disposed in the signal 15 line driver circuit is
performed through one frame period. Hence, as in the - conventional ones,
the setting operation of the current source circuit disposed in the signal
line driver circuit cannot be performed. " Thus, as shown in FIG. 9, a
setting period Tc and a setting operation period Tb are provided at the
initial portion of each horizontal scanning period. Then, a current source
circuit for 20 which the setting operation is performed is selected in the
setting period Tc, and the setting operation is then performed in the
setting operation period Tb. In this case, the period may be set identical
with a return period. Thereafter, the input operation of the current source
circuit of the signal line driver circuit is performed. Next, a description
will be given of a case where the pixel has the 25 structure of FIG. 13(A)
or 13(B), and the signal line driver circuit includes the storage circuit
451 as in the structure of FIG. 10. In the case where the setting operation
and the input operation can be performed in the current source circuit
disposed in the signal line driver circuit simultaneously, the setting
operation periods Tb can be set long, as shown in FIG. 11. In this case,
the setting 30 operation of the current source circuit disposed in the
signal line driver circuit 99 .   needs to be performed in a state where,
for example, current does not leak, and a different current is not input.
For this reason, for example, the transistor 182 of FIG. 24 and the
transistors A, B, and C of FIG. 50 need to be set to the OFF state before
execution of the setting operation of the current source circuit of the
signal 5 line driver circuit. However, as in the structure of FIG. 51, when
a structure that does not cause, for example, current leakage or input of a
different current is employed, such currents need not be taken into
account. This embodiment may be arbitrarily combined with Embodiment Modes
1 



to 10 and Embodiment 1. 10 [Embodiment 3] In this embodiment, technical
devices when performing color display will be described. With a light
emitting element comprised of an organic EL element, the 15 luminance can
be variable depending on the color even though current having the same
magnitude is supplied to the light emitting device. In addition, in the
case where the light emitting element has deteriorated because of, for
example, a time factor, the deterioration degree is variable depending on
the color. Thus, when performing color display with a light emitting device
using light emitting elements, 20 various technical devices are required to
adjust the white balance. The simplest technique is to change the magnitude
of the current that is input to the pixel. To achieve the technique, the
magnitude of the reference constant current source should be changed
depending on the color. Another technique is to use circuits as shown in
FIGS. 6(C) to 6(E) for the 25 pixel, signal line driver circuit, reference
constant current source, and the like. In the circuits as shown in FIGS.
6(C) to 6(E), the W/L ratio of two transistors forming the current minor
circuit is changed depending on the color. Thus, the magnitude of the
current to be input to the pixel can be changed depending on the cooler. 30
~ Still another technique is to change the length of a lightening period. r
10o   The technique can be applied to either of the case where the time
gradation method is employed and the case where the time gradation method
is not employed. According to the technique, the luminance of each pixel
can be adjusted. 5 The white balance can be easily adjusted by using any
one of the techniques or a combination thereof. This embodiment may be
arbitrarily combined with Embodiment Modes 1 to 10 and Embodiments 1 and 2.
10 [Embodiment 4] In this embodiment, the appearances of the light emitting
devices (semiconductor devices) of the present invention will be described
using FIG. 12. FIG. 12 is a top view of a light emitting device formed such
that an element substrate on which transistors are formed is sealed with a
sealing material; FIG. 



15 12(B) is a cross-sectional view taken along the line A-A' of FIG. 12(A);
and FIG. 12(C) is a cross-sectional view taken along the line B-B' of FIG.
12(A). A sealing material 4009 is provided so as to enclose a pixel portion
4002, a source signal line driver circuit 4003, and gate signal line driver
circuits 4004a and 4004b that are provided on a substrate 4001. In
addition, a sealing material 20 4008 is provided over the pixel portion
4002, the source signal line driver circuit 4003, and the gate signal line
driver circuits 4004a and 4004b. Thus, the .pixel portion 4002, the source
signal line driver circuit 4003, and the gate signal line driver circuits
4004a and 4004b are sealed by the substrate 4001, the sealing material
4009, and the sealing material 4008 with a filler material 4210. 25 The
pixel portion 4002, the source signal litre driver circuit 4003; and the ,
gate signal line driver circuits 4004a and 4004b, which are provided over
the substrate 4001, include a plurality of TFTs. FIG. 12(B)
representatively shows a driving TFT (incidentally, an n-channel TFT and a
p-channel TFT are shown in this example) 4201 included in the source signal
line driver circuit 4003, and an 30 erasing TFT 4202 included in the pixel
portion 4002, which axe formed on a base ._ . 101   film 4010. In this
embodiment, a p-channel TFT or an n-channel TFT that is manufactured
according to a known method is used for the driving TFT 4201, and an
n-channel TFT manufactured according to a known method is used for the 5
erasing TFT 4202. An interlayer insulating film (leveling film) 4301 is
formed on the driving TFT 4201 and the erasing TFT 4202, and a pixel
electrode (anode) 4203 for. being electrically connected to a drain, of the
erasing TFT 4202 is formed thereon. A transparent conductive film having a
large work function is used for the pixel l0 electrode 4203. For the
transparent conductive film, a compound of indium oxide and tin oxide, a
compound of indium oxide and zinc oxide, zinc oxide, tin oxide, or indium
oxide can be used. Alternatively, the transparent conductive film added
with gallium may be used. An insulating film 4302 is formed on the pixel
electrode 4203, and the 15 insulating fill 4302 is formed with an opening
portion formed on the pixel electrode 4203. In the opening portion, a light
emitting layer 4204 is formed on the pixel electrode 4203. The light
emitting layer 4204 may be formed using a known light emitting material or
inorganic light emitting material. As the light emitting material, either
of a low molecular weight (monomer) material and a high 20 molecular weight
(polymer) material may be used. As a forming method of the light emitting
layer 4204, a known vapor deposition technique or coating technique may be
used. The structure of the light emitting layer 4204 may be either a
laminate structure, which is formed by arbitrarily combining a hole
injection layer, a hole transportation layer, a 25 light-emitting layer, an
electron transportation layer, and an electron injection layer, or a
single-layer structure. Formed on the light emitting layer 4204 is a
cathode 4205 formed of a __ conductive film (representatively, a conductive
film containing aluminum, copper, or silver as its main constituent, or a
laminate film of the conductive film and 3o another conductive film) having
a light shielding property. Moisture and oxygen . 102   existing on an
interface of the cathode 4205 and the light emitting layer 4204 are
desirably eliminated as much as possible. For this reason, a technical
device is necessary in that the light emitting layer 4204 is formed in an
nitrogen or noble . gas atmosphere, and the cathode 4205 is formed without
being exposed to oxygen, 5 moisture, and the like. In this embodiment, the
above-described film deposition is enabled using a multi-chamber . method
(cluster-tool method) film deposition apparatus. In addition, the cathode
4205 is applied with a predetermined voltage. In the above-described
manner, a light emitting element 4303 constituted by the pixel electrode
(anode) 4203, the light emitting layer 4204, and the cathode 10 420S is
formed. . A protective film is formed on the insulating film so as to cover
the light emitting element 4303. The protective film is effective for
preventing, for example, oxygen and moisture, from entering the light
emitting element 4303. Reference numeral 4005a denotes a drawing wiring
that is connected to a power supply line and that is electrically connected
to a source region of the 15 erasing TFT 4202. The drawing wiring 4005a is
passed between the sealing material 40U9 and the substrate 4001 and is then
electrically connected to an FPC wiring 4301 of an FPC 4006 via an
anisotropic conductive film 4300. As the sealing material 4008, a glass
material, a metal material (representatively, a stainless steel material),
ceramics material, or a plastic 20 material (including a plastic film) may
be used. As the plastic material, an FRP (fiberglass reinforced plastics)
plate, a PVF (polyvinyl fluoride) film, a Mylar film, a polyester film, or
an acrylic resin film may be used. Alternatively, a sheet having a
structure in which an aluminum foil is sandwiched by the PVF film or the
Mylar film may be used. 25 However, a cover material needs to be
transparent when light emission is directed from the light emitting layer
to the cover material. In this case, a 



transparent substance such as a glass plate, a plastic plate, a polyester
film, or an acrylic film, is used. Further, for the filler material 4210,
ultraviolet curing resin or a 30 thermosetting resin may be used in
addition to an inactive gas, such as nitrogen or 103   argon; and PVC
(polyvinyl chloride), acrylic, polyimide, epoxy resin, silicon resin, PVB
(polyvinyl butyral), or EVA (ethylene vinyl acetate) may be used. In this
embodiment, nitrogen was used for the filler material. To keep the filler
material 4210 to be exposed to a hygroscopic substance 5 (preferably,
barium oxide) or an oxygen-absorbable substance, a concave portion . 4007
is provided on the surface of the sealing material 4008 on the side of the
substrate 4001, and a hygroscopic substance or oxygen-absorbable substance
4207 is disposed. The hygroscopic substance or oxygen-absorbable substance
4207 is held in the concave portion 4007 via a concave-portion cover
material 4208 such l0 that the hygroscopic substance or oxygen-absorbable
substance 4207 does not diffuse. The concave-portion cover material 4208 is
in a fine mesh state and is formed to allow air and moisture to pass
through and not to allow the hygroscopic substance or oxygen-absorbable
substance 4207 to pass through. The provision of the hygroscopic substance
or oxygen-absorbable substance 4207 enables the 15 suppression of
deterioration of the light emitting element 4303. As shown in FIG. 12(C),
simultaneously with the formation of the pixel electrode 4203, a conductive
film 4203a is formed so as to be contact with an upper portion of the
drawing wiring 4005a. In addition, the anisotropic conductive film 4300
includes a conductive 20 filler 4300a. The substrate 4001 and the FPC 4006
are thermally press-bonded, whereby the conductive film 4203a on the
substrate 4001 and the FPC wiring 4301 on the FPC 4006 are electrically
connected via the conductive filler 4300a. This embodiment may be
arbitrarily combined with Embodiment Modes 1 ' to 10 and Embodiments 1 to
3. 25 [Embodiment 5] A light emitting device using light emitting elements
is of self-light emitting type, so that in comparison to a liquid crystal
display, the light emitting device offers a better visibility in bright
portions and a wider view angle. Hence, 30 the light emitting device can be
used in display portions of various electronic 104.   devices. Electronic
devices using the light emitting device of the present invention include,
there are given, for example, video cameras, digital cameras, goggle type
displays (head mount displays), navigation systems, audio reproducing
devices 5 (such as car audio and audio components), notebook personal
computers, game machines, mobile information terminals (such as mobile
computers,, mobile telephones, portable game machines, and electronic
books), and image reproducing devices provided with a recording medium
(specifically, devices for reproducing a recording medium such as a digital
versatile disc (DVD), which l0 includes a display capable of displaying
images). In particular, in the case of mobile information terminals, since
the degree of the view angle is appreciated important, the terminals
preferably use the light emitting device. Practical examples are shown in
FIG. 22. FIG. 22(A) shows a light emitting element, which contains a casing
2001, 15 a support base 2002, a display portion 2003, a speaker portion
2004, a video input terminal 2005, and the like. The light emitting element
of the present invention can be applied to the display portion 2003.
Further, the light emitting element shown in FIG. 22(A) is completed with
the present invention. Since the light emitting element is of self=light
emitting type, it does not need a back light, and 20 therefore a display
portion that is thinner than a liquid crystal display can be obtained. Note
that light emitting elements include a11 information display devices, for
example, personal computers, television broadcast transmitter-receivers,
and advertisement displays. FIG. 22(B) shows a digital still camera, which
contains a main body 2101, 26 a display portion 2102, an image receiving
portion 2103, operation keys 2104, an external connection port 2105, a
shutter 2106, and the like. . The light emitting element of the present
invention can be applied to the display portion 2102. Further, the digital
still camera shown in FIG. 22(B) is completed with the present invention.
30 ~ FIG 22(C) shows a notebook personal computer, which contains a main 



105   body 2201, a casing 2202, a display portion 2203, a keyboard 2204,
external connection ports 2205, a pointing mouse 2206, and the like. The
light emitting element of the present invention can be applied to the
display portion 2203. Further, the light emitting element shown in FIG.
22(C) is completed with the 5 present invention. FIG 22(D) shows a mobile
.computer, which contains a main body 2301, a display portion 2302, a
switch 2303, operation keys 2304, an infrared port 2305, and the like. The
light emitting element of present invention can be applied to the display
portion 2303. Further, the mobile computer shown in FIG. 22(D) is l0
completed with the present invention. FIG 22(E) shows a portable image
reproducing device provided with a recording medium (specifically, a DVD
reproducing device), which contains a main body 2401, a casing 2402, a
display portion A Z403, a display portion B 2404, a recording medium (such
as a DVD) read-in portion 2405, operation keys 15 2406, a speaker portion
240.7, and the like. The display portion A 2403 mainly displays image
information, and the display portion B 2404 mainly displays character
information. The light emitting element of the present invention can be
used in the display portion A 2403 and in the display portion B 2404. Note
that family game machines and the like are included in the image
reproducing devices 20 provided with a recording medium. Further, the DVD
reproducing device shown in FIG. 22(E) is completed with the present
invention. FIG 22(F) shows a goggle type display (head mounted display),
which contains a main body 2501, a display portion 2S02, an arm portion
2503, and the like. The light emitting element of the present invention can
be used in the 25 display portion 2502. The goggle type display shown in
FIG. 22(F) is completed with the present invention. FIG. 22(G) shows a
video camera, which contains a main body 2601, a display portion 2602, a
casing 2603, external connection ports 2604, a remote control reception
portion 2605, an image receiving portion 2606, a battery 2607, 30 an audio
input portion 2608, operation keys 2609, an eyepiece portion 2610, and 106
the like. The light emitting element of the present invention can be used
in the display portion 2602. The video camera shown in FIG. 22(G) is
completed with the present invention. Here, FIG. 22(H) shows a mobile
telephone, which contains a main body 5 2701, a casing 2702, a display
portion 2703, an audio input portion 2704, an audio output portion 2705,
operation keys 2706, external connection ports 2707, an antenna 2708, and
the like. The light emitting element of the present invention can be , used
in the display portion 2703. Note that, by displaying white characters on a
black background, the display portion 2703 can suppress the l0 consumption
current of the mobile telephone. Further, the mobile telephone shown in
FIG. 22(H) is completed with the present invention. 



When the emission luminances of light emitting materials are increased in
the future, the light emitting element will be able to be applied to a
front or rear type projector by expanding and projecting light containing
image information 15 having been output lenses or the like. . Cases are
increasing in which the above-described electronic devices display
information distributed via electronic communication lines such as the
Internet and CATVs (cable TVs). Particularly increased are cases where
moving picture information is displayed. Since the response speed of the
light emitting 20 material is very high, the light emitting device is
preferably used for moving picture display. Since the light emitting device
consumes the power in light emitting portions, information is desirably
displayed so that the light emitting portions are reduced as much as.
possible. Thus, in the case where the light emitting device' is 25 used for
a display portion of a mobile information terminal, particularly, a mobile
telephone, an audio playback device, or the like, which primarily displays
character information, it is preferable that the character information be
formed in the light emitting portions with the non-light emitting portions
being used as the background. 30 As described above, the application range
of the present invention is very 107   wide, so that the invention can be
used for electronic devices in a11 of fields. The electronic devices
according to this embodiment may use the light emitting device with the
structure according to any one of Embodiment Modes 1 to 10 and Embodiments
1 to 4. 6 The present invention having the structures described above can
suppress influences . of variation in characteristics of TFTs, which is
caused by manufacturing steps and the difference in a substrate used, and
can supply a desired signal current to the outside: Further, in the present
invention, when performing the setting operation, a 10 current source
circuit disposed in an arbitrary column is. specified among the columns
from the first column to the last column by using the video signal. In
addition, a current source circuit is specified only for an arbitrary
period. Thus, the specification can be implemented for the current source
circuit that requires the setting operation among the current source
circuits disposed in a plurality of 15 columns, and the setting operation
can be performed in the specified current source circuit using a sufficient
time. Therefore, the setting operation can be precisely performed. Note
that the setting operation may be sequentially performed from the fist
column to the last column among the current source circuits disposed in the
plurality of columns. However, when the setting 20 operation is not be
sequentially performed for the current source circuits in the columns from
the first column, and the setting operation can be performed at random for
the current source circuit, various advantages are exhibited. For example,
a sufficient time can be arbitrarily used to perform the setting operation
for the current source circuit. In addition, in the case where periods
during 2s which the setting operation can be performed are dotted in one
frame, when an arbitrary column can be selected, the degree of freedom is
increased, and a setting operation period can be sufficiently secured. One
of other advantages is that the influence of charge leakage in a capacitor
element disposed in the current source circuit can be made inconspicuous.
Thus, when a defect has occurred in 3o association with the setting
operation, the defect can be made inconspicuous. 108   In addition,
according to the present invention, the video signal is used for the
setting operation for the current source circuit, thereby obviating the
necessity of dedicated circuits to perform control of the setting operation
for the current source circuit and specification of the current source
circuit. Consequently, since 5 the number _ of circuits to be disposed is
reduced, the defect-occurrence ratio during manufacture can be minimized.
Furthermore, the layout area ..can be , reduced. As a result, the frame
area can be reduced, and the device can be miniaturized. 109   CLAIM 1. A
signal line driver circuit comprising a plurality of current source
circuits corresponding to a plurality of wirings, characterized in that: 5
the plurality of current source circuits each comprise capacitor means and
supply means; and the plurality of current source circuits each convert a
supplied current to a 



voltage in accordance with a video signal, and supply a current
corresponding to the converted voltage. i0 2. A signal line driver circuit
comprising a plurality of current source circuits corresponding to a
plurality of wirings, characterized in that: two current source circuits
each comprising capacitor means and supply means are disposed for each
wiring; and 15 one of the two current source circuits converts a supplied
current to a voltage in accordance with a video signal, and the other
current source circuit supplies a current corresponding to the converted
voltage. 3. A signal line driver circuit comprising a plurality of current
source 20 circuits corresponding to a plurality of wirings, characterized
in that: n current source circuits (n is a natural number equal to or
larger than 2) each comprising capacitor means and supply means are
disposed for each wiring; and the n current source circuits each convert a
supplied current to a voltage in 25 accordance with a video signal, and
supply a current corresponding to the converted voltage. 4. A signal line
driver circuit according to claim 3, characterized in that: the n current
source circuits are connected to n reference constant current 30 sources
corresponding to mutually different bits; and 11o   the values of currents
supplied from the n reference constant current sources are set to 2 : 21
2. 5. A signal line driver circuit according to claim 3, characterized in
that 5 the n current source circuits are connected to one reference
constant current source corresponding to the most significant bit. 6. A
signal line driver circuit according to any one of claims 1 to 3,
characterized in that the plurality of wirings is either a plurality of
signal lines or a l0 plurality of current lines. 



7. A signal line driver circuit according to any one of claims 1 to 3,
characterized in that, when a drain and a gate of a transistor of the
supply means are in a short-circuited state, a voltage generated between
the gate and source is 15 retained by the supplied current. 8. A signal
line driver circuit according to any one of claims 1 to 3, characterized in
that the supply means comprises a transistor, a first switch for
controlling conductivity between a gate and a drain of the transistor, a
second 20 switch for controlling conductivity between a reference constant
current source and the gate of the transistor, and a third switch for
controlling conductivity between the drain of the transistor and a pixel.
9. A signal line driver circuit according to any one of claims 1 to 3, 25
characterized in that, when drains and gates of both first and second
transistors of the supply means are in a short-circuited state, the
capacitor means retains a voltage generated between the gate and source of
the first or second transistor by the supplied current. 30 10. A signal
line driver circuit according to any one of claims 1 to 3, 111
characterized in that the supply means comprises a current mirror circuit
constituted of first and second transistors, a first switch for controlling
conductivity between gates and sources of the first and second transistors,
and a second switch for controlling conductivity between a reference
constant current 5 source and the gates of the first and second
transistors. 11. A signal line driver circuit according to any one of
claims 1 to 3, characterized in that, when a drain and a gate of one of
first and second transistors of the supply means are in a short-circuited
state, a voltage generated between the 1o gate and source is retained by
the supplied current. 12. A signal line driver circuit according to any one
of claims 1 to 3, characterized in that the supply means comprises: a
current mirror circuit comprising first and second transistors; 15 a first
switch for controlling conductivity between a reference constant current
source and a drain of the first transistor; and a second switch for
controlling any one selected from conductivity between the drain and gate
of the first transistor, conductivity between the gate of the first
transistor and a gate of the second transistor, and conductivity between 



20 the gates of both the first and second transistors and the reference
constant current source. 13. A signal line driver circuit according to any
one of claims 10 to 12, characterized in that gate widths/gate lengths of
both the first and second 25 transistors are set to identical values. 14. A
signal line driver circuit according to any one of claims 10 to 12,
characterized in that gate width/gate length of the first transistor is set
to a value larger than gate width/gate length of the second transistor. 30
112   15. A signal line driver circuit according to any one of claims 1 to
3, characterized in that: the supply means comprises a transistor, first
and second switches for controlling supply of a current to the capacitor
means, and a third switch for 5 controlling conductivity between a gate and
a drain of the transistor; and the gate of the transistor is connected to
the first switch, a source of the transistor is connected to the second
switch, and the drain of the transistor is connected to the third switch.
l0 16. A signal line driver circuit according to any one of claims 1 to 3,
characterized in that: the supply means comprises a current mirror circuit
comprising m transistors; gate widths/gate lengths of the m transistors are
set to 2 : 21: ... : 2m; and 15 drain currents of the m transistors are set
to 2 : 21 :: 2"'. 17. A signal line driver circuit according to any one of
claims 1 to 3, characterized in that a transistor constituting the supply
means operates in a saturation region. 20 18. A signal line driver circuit
according to any one of claims 1 to 3, characterized in that an active
layer of a transistor constituting the current source circuit is formed of
polysilicon. 25 19. A light emitting device characterized by comprising:
the signal line driver circuit according to any one of claims 1 to 18, and
a 



pixel portion in which a plurality of pixels each including a light
emitting element are disposed in matrix; in which a current is supplied to
the light emitting element from the signal line 30 driver circuit. 113
20. A method of driving a light emitting device which is provided with: a
pixel portion in which a plurality of scanning lines, a plurality of
wirings, and a plurality of pixels are disposed in matrix; and a signal
line driver circuit 5 comprising a plurality of current source circuits
respectively corresponding to the plurality of wirings, the plurality of
pixels each comprising a light emitting element, a driving transistor, and
a capacitor element for retaining a gate-source voltage of the driving
transistor, characterized in that: one frame period comprises a plurality
of subframe periods; l0 the plurality of subframe periods each comprise an
address period and a lightening period; a setting period and a setting
operation period are provided in the period during which any one of the
plurality of scanning lines is not selected in the lightening period; 15 in
the setting period, m current source circuits (m is a natural number equal
to or larger than 1) among the plurality of current source circuits are
specified in accordance with a video signal; and in the setting operation
period, the specified m current source circuits each convert a supplied
current into a voltage in accordance with the video signal, and 20 supply a
current corresponding to the converted voltage. 21. A method of driving a
light emitting device which is provided with: a pixel portion in which a
plurality of scanning lines, a plurality of wirings, and a plurality of
pixels are disposed in matrix; and a signal line driver circuit 25
comprising a plurality of current source circuits respectively
corresponding to the plurality of wirings, the plurality of pixels each
comprising a light emitting element, a driving transistor, and a capacitor
element for retaining a gate-source 



voltage of the driving transistor, characterized in that: one frame period
comprises a plurality of subframe periods; 30 each of the plurality of
subframe periods each comprise an address period 114   and a lightening
period; a setting period and a setting operation period are provided in the
period during which any one of the plurality of scanning lines is not
selected in the lightening period; 5 in the setting period, m current
source circuits (m represents a natural number equal to or larger than 1)
among the plurality of current source circuits are specified in accordance
with a video signal; and in the address period and the setting operation
period, the specified m current source circuits each convert a supplied
current into a voltage in accordance 1o with the video signal, and supply a
current corresponding to the converted voltage. 22. A method of driving a
light emitting device which is provided with: a pixel portion in which a
plurality of scanning lines, a plurality of wirings, and a plurality of
pixels are disposed in matrix; and a signal line driver circuit 15
comprising a plurality of current source circuits respectively
corresponding to the plurality of wirings, the plurality of pixels each
comprising a light emitting element, a current source circuit, and a switch
for controlling conductivity between the light emitting element and the
current source circuit, characterized in that: 20 one frame period
comprises a plurality of subframe periods; the plurality of subframe
periods each comprises an address period and a lightening period; a setting
period and first and second setting operation periods are provided in the
period during which any one of the plurality of scanning lines is not 25
selected in the lightening period; in the setting period, m current source
circuits (m represents a natural number equal to or larger than 1) among
the plurality of current source circuits are specified in accordance with a
video signal; in the first setting operation period, the specified m
current source circuits 30 each convert a supplied current into a voltage
according to the video signal, and 



115   supplies a current corresponding to the converted voltage; and in the
second setting operation period, the current source circuit disposed in the
pixel converts a supplied current into a voltage, and supplies a current
corresponding to the converted voltage. 5 23. A method of driving a light
emitting device which is provided with: a pixel portion in which a
plurality of scanning lines, a plurality of wirings, and a plurality of
pixels are disposed in matrix; and a signal line driver circuit comprising
a plurality of current source circuits respectively corresponding to the l0
plurality of wirings, the plurality of pixels each comprising a light
emitting element, a current source circuit, and a switch for controlling
conductivity between the light emitting element and the current source
circuit, characterized in that: one frame period comprises a setting period
and a first setting operation 15 period; in the setting period, m current
source circuits (m is a natural number equal to or larger than 1) among the
plurality of current source circuits are specified in accordance with a
video signal; in the first setting operation period, the specified m
current source circuits 20 each convert a supplied current into a voltage
according to the video signal, and supplies a current corresponding to the
converted voltage; the period obtained by adding the setting period to the
first setting operation period corresponds to a second setting period; and
in the second setting operation period, the current source circuit disposed
25 in the pixel converts a supplied current into a voltage, and supplies a
current corresponding to the converted voltage. 24. A method of driving a
light emitting device according to claim 23, characterized in that the
first and second setting operation periods are partly 30 overlap with each
other. 



116   25. A method of driving a light emitting device which is provided
with: a pixel portion in which a plurality of scanning lines, a plurality
of wirings, and a plurality of pixels are disposed in matrix; and a signal
line driver circuit 5 comprising a plurality of current source circuits
respectively corresponding to the plurality of wirings; the plurality of
pixels each comprising a light emitting element, characterized in that: one
frame period comprises a plurality of horizontal scanning periods; the
plurality of horizontal scanning periods each comprise a setting period 1o
and a setting operation period; in the setting period, m current source
circuits among the plurality of current source circuits are specified in
accordance with a video signal; and in the setting operation period, the
specified m current source circuits each convert a supplied current into a
voltage in accordance with the video signal, and 15 supplies a current
corresponding to the converted voltage. 26. A method of driving a light
emitting device which is provided with: a pixel portion in which a
plurality of scanning lines, a plurality of wirings, and a plurality of
pixels are disposed in matrix; and a signal line driver circuit 20
comprising a plurality of current source circuits respectively
corresponding to the plurality of wirings; the plurality of pixels each
comprising a light emitting element, characterized in that: one frame
period comprises a plurality of horizontal scanning periods; x horizontal
scanning periods (x is a natural number equal to or larger 25 than 1)
selected from the plurality of horizontal scanning periods each comprise a
setting period and a setting operation period; in the setting period, m
current source circuits among the plurality of current source circuits are
specified in accordance with a video signal; and in the setting operation
period, the specified m current source circuits each 3o convert a supplied
current into a voltage in accordance with the video signal, and 117 



supplies a current corresponding to the converted voltage. 27. A method of
driving a light emitting device according to any one of claims 20 to 26,
characterized in that the pixel portion performs line-sequential 5 drive or
dot-sequential drive. 28. A method of driving a light emitting device
according to any one of claims 20 to 26, characterized in that the
plurality of wirings is a plurality of signal lines or a plurality of
current lines. 10 118 .A;.A.A3.A,F.A .AS53.A .AFl.A@
.A[3.A3.AU3.A3l.A3.Af3.A`3.A.A93.A.A.Asn.Af .AH.Aa.A.A .A9.A
.A.A5.Al.A.A.A&.AY.A.A.A.A.A@ .A.A,9.A
.A.A,.A.AC.AY.A&.A.A3.An.A.AY,.A!.A@.Asr.Aa.A.Af9.A.A.A.A.Ay.A[.A`.A.Aa.A.A
.A.AY[.A.Ay.A9.A.AN.A.An.AS l.A.A .Ay.A.An.A&.A&U.A
.A.AL.A.A.A.A[.A2.A.A.A5.A.An.A,.A.Al.A[.A2.Aln.Alr.A`Y.A,.A?.A,.A,.A&f?.A9
!?.A&,.Ay.A,7NP`,=, K  .u2 ~
1|r{vqlgb]X]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cTa]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca]cTa!WP `1.3wi[X?
0!~!!}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!!"b""$%$*$q$$%%&V&&&N'''?((()i))
*Z***+K++K,,:-}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!:-?-^---:023`33444455;
<<==1>|>>!?s?@A[BBB,CCC}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!C.D?DDD1EEEEFUFFRG
GGIHHIJ[KKLULLLPMMMLNNNLOOO}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!O5QQQ/RwSSTbTT
WUVVWYWWHXNXXXAYYYZZ.[[[\R\\J]]]}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!]G^^E___>
```maaab(ckddd8ee)fcggVhhhiiiEjjjjk0l}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!0lsl
mmopp0qeqrIrrrttv|wxyzz{K{{{||H}{}}}~J~~~}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!
~~~
&@X>n`[,pdWEK}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!KFje65*nZXT-}xsnid_Z]]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca!-~d[S;b2
1}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!eXU^(vNl=@}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca!ikqa+wh;1e
](p}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!pb Rg&v_~!o
}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca! fIY#k\61o<q
[}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!0!e
P[U83)2Z5*}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!,%tQD "(71J:
}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!:  3n ^   



;%xu4G1-~L}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!A    G!!!)"o"#c#i#$(;
*S**++M,o,,U-..2000"1w112^3|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!^333R44H5R5t5
56)66 7p778 9Z99@::;
6<w===$>u>>n??4@@@}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!@@KAAA'BCCD^DDD7E}FFFL
@NOOPVSVWXX%YYrZ[\\\]]}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!]^^^e_aaIbbddefgh;
iii0jDjjjdkkm:mmm'nunn
oXoo}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!oo~ppqhqqqsesssttvv
wFwww<xxx7ycyyyMzzzz{{{}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!{.||
}t}}~k~~e[93'w<-q}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!N<gV;
:5yhU}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!lW<&|:(z_(yW}xsnid_Z]]]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca!t~"q
["sRPAZOn}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!ZZ\4&m};
ou)c}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!#}&UK0&,-wK9wj
)2}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!|m#9$eU_M((;
:}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!)ykaHE)zrREl
\z}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!k,~8;
xiDZW}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!H44#pbi
1!jp-}p}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!L   4.
K'y0}lZF'}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!'`O;AI92|uNA
(!.!!!"k"Y#m#}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!m##$4%%&p&&&'l''(`((()m)s))
*k*+^+++,[,,,?--.~..}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!./Y///L000222222433)
4u444#5r555J66677.8X999I::}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!:::;
=<<"=r===8>>/??@'A0A}AABjBBB0CCCC1DdEoEFG$GkG}xsnid_Z]]]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca!kGG*HHIIKKILOLLL&MoMMPPHQ_QQQSRRRBSSS'TqTwTXYY\}xsnid_Z]]]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca!\\&]w]]]^_`#adaraaa bqbb
c_dddTeeCffgg#h=hPkikklFm}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Fmmm3nnofoop\pp
p7qq1rrr'scttt2uuu5vvw;
xx1yAyyy3z}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!3zK{{{||}}}8~I~O~d~~~GI%|k#vp}
xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!p
#j\aTJjQYD}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!gY(wr|_DGTs}xsnid_Z]]]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca!=;8O$n`d X/
q}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!q('t1{YI?~T1xe}xsnid_Z]]]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca!1*1^QD<eP<>jp3:}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!:I^I[I<*}NZAZ}x
snid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!ZO;"(e5%t;
~UJ}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!<'-~SF0I|hzM}xsnid_Z]]]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca!M7/$<v9;o
]VFJI}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!8f .="w}[SLeJTU
}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!  5""""@####;
%%(&v&&'\((())?*++-n-t-.//0Y001}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!128333#5y
5666F7778889991:}::
;o;<`<<==Z==M>>D??}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!??6@<@@@AABBCNCDD+EwEE
FFGkGGHHUIIIIJ_JJJKK}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!KLZLMHNNN<O*P}PP$QxQ
QORRR[[B\\\]]^a^y^|^^^^^(__}xsnid_Z]]]ca]ca]ca]ca]ca]c a]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca!_`o``aTaaa/bb&cxccccidddd$eeee[hjkk(ttv[w|}}}xsnid_Z]]]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca!}@~!S[dQuWFoL)xC}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!B4;
Av}^\svOwM.}|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!}/|Nn<CUJj"mt}xsnid_Z]]]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca!t
\R=4`>AH=(G}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca! 36~2>QXC;
uZU'c}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!cNG
*u"wE:\o/x}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!I0H;
,7I\#j}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!'{m
C&yUHhM|_?}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Lz}
C&yUHhM|_?}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca7NP`fD!C!10%&'()-YM10%&'()-sSs1
0%&'()-f`10%&'()- 10%&'()- !(10%  &'()-,L~\=,#!10%&'()- !y:'10%&'()- y:'10%
&'()-)!SCy:'10%&'()-10%&'()- &10%&'()-=,6z[<,8$10%&'()-
2!10%&'()-+3%10%d&'()-L!:+3%10%L`L`&'()-L!3$#10%QQ&'()-'!$#10%QQ&'()-'6Cbjv
wZ@,8$10%&'()-)?01$,8$10%&'()-,8$10%&'()-,8$10%&'()-,8$10%&'()-ZA,8$10%&'()
-)?01$,8$10%&'()-,8$10%&'()-,8$10%&'()-,8$10%&'()- K  .vU4 Y9L@#10%8%&'()-
10%8%&'()-  10%8%&'()-  !10%8%&'()- 



10~)10~)10~)- s<g10%~)&'()-9.u2 ~ |[:vU4  #10%8%&'()-  F"10%8%&'()-
f!10%8%&'()-   10%8%&'()-  s10%8%&'()-- !10%8%&'()-M1|r|[:vU4  *!10%8%&'()-
F(#10%8%&'()-  &!10%8%&'()- $!10%8%&'()-  ,#10%8%&'()- -
`!10%8%&'()-WP|[:vU4  910% &'()- `6&10%!&'()- 4!10%8%&'()-  `.1#10%8%&'()-
-!10%8%&'()-- +!10%8%&'()-  MvU4 HA#10%\%\&'()- HC#10%\%\&'()-
`3S#10%y&'()- C`3S#10%%&'()-108%108%108%- s`<10%8%&'()-`1|[:vU4 H
-!10%%&'()-H +!10%%&'()-  @##10%%&'()- [@##10%o%o&'()- HA#10%\%\&'()--
HH#10%\%\&'()-.0123w|obU4  F10%T(T&'()- 10%10%10% <t10%%&'()- 9m10%"&'()-
H2!10%%&'()-- F110%%&'()-wi[|[:bU4  10%T(T&'()-   '!10%T(T&'()-
`Sy#10%T(T&'()-  !10%T(T&'()-   !10%T(T&'()- - !10%T(T&'()- [X|[:bU4
#10%T(T&'()-Y !10%T(T&'()-M !10%T(T&'()-M #10%T(T&'()-  `!10%T(T&'()--
!10%T(T&'()- ?   0!~!|[:bU4  L*!10%T(T&'()-  (#10%T(T&'()-  &!10%T(T&'()-
%!10%T(T&'()- c ,f#'10%7(7&'()-- !10%T(T&'()-~!!"b""$%$|[:bU4
:10%T(T&'()- 2!10%T(T&'()- Y1#10%T(T&'()- /10%T(T&'()-  -10%T(T&'()- -
+!10%T(T&'()- %$'$($)$*$q$$%%vU4 Y9s@#10%%%&'()-  !10%%%&'()-  !10%%%&'()-
!10%"&'()-310T(T10T(T10T(T- <s10%T(T&'()-%&V&&&N''|[:vU4  !10%%%&'()-
#10%%%&'()-  L!10%%%&'()-  !10%%%&'()-  



10%%%&'()- -  10%%%&'()- ''?((()i)|[:vU4  S#!10%%%&'()-   `!10%%%&'()-3
10%%%&'()-  !10%%%&'()-   F10%%%&'()- - &!10%%%&'()- i)) *Z***+|[:vU4
-10%%%&'()-  ,`10%%%&'()- 9*!10%$&'()- (#10%%%&'()- &!10%%%&'()- -
%!10%%%&'()-+K++K,,:-<-=-|[:-410%% <s10%%%&'()- :#10%%%&'()-  6!10%%%&'()-
3 "10%%%&'()- F1#10%$&'()-- y/!10%%%&'()- =->-?-^---./bA410%%
Cs#10%(&'()-Y  >s#10%&'()-Y   !10%-(-&'()-  10%-(-&'()-
3:10%-(-&'()-10%%10%%/:0$1223`3|[:A410%% &*!10%-(-&'()-  $#10%-(-&'()-
[$#10%(&'()- CF&y#10%(&'()- 9&y#10%(&'()- LBs#10%(&'()-Y `3334444|[:A410%%
Ss6!10%-%-&'()- @Ss6!10%&'()- )Ss6!10%&'()- V*&y/&$10%(&'()-M
[&y/&$10%&'()-M +10%-(-&'()-4444455056vU410 [`$10%[$[&'()-* V`$10%V V&'()-*
10%$&'()-   10%k#&'()-10-(-10-(-10-(- <10%-(-&'()-67o9:;<<<|[:-410$[
<s10%$&'()-V ,,8#10%$&'()-` [3`$10%[$[&'()-* `.`$10%`$`&'()-* ,`$10%$&'()-*
[A`$10%[$[&'()-*<<<==1>|>>bA410$[  s'10%()(&'()-   10%)&'()-  10%)&'()-
&S@#10%)&'()- F!10%)&'()-10$10$>!?s?@A[BB|[:A410$[ (#10%)&'()- !!10%)&'()-`
yl#10%)&'()- !10%)&'()-M #10%)&'()-  `!10%)&'()-BB,CCC.D?D|[:A410$[
210%)&'()-  F1#10%)&'()-  /!10%)&'()-  -!10%)&'()-   ,10%)&'()-
L*&10%)&'()- ?DDD1EEEEEE|[NA41010)10)10) <s10%)&'()- :#10%)&'()-
S8m10%)&'()-  6!10%)&'()-  



410%)&'()- EEFUFFRGG|[:NA41010 !10%@(@&'()-   "10%@(@&'()- l9`S#10%@(@&'()-
!10%@(@&'()-   10%@(@&'()-   10%@(@&'()-GGIHHIJ[K|[:NA41010 s!!10%@(@&'()-M
#10%@(@&'()-  !10%@(@&'()-M #10%@(@&'()-  9!10%@(@&'()-  @l9'10%(&'()-
[KKLULLLPM|[:NA41010  1#10%@(@&'()- f/!10%@(@&'()-  -!10%@(@&'()-
l+$10%,(,&'()- &*!10%@(@&'()- l(#10%@(@&'()- PMMMLNNNNNN|[NA41010(10(10(
L<10%(&'()- s,8&10%(&'()- s6!10%@(@&'()-  4$10%@&@&'()-  2!10%@(@&'()-
NLOOO=P5QQ|[:NA41010 !10%%%&'()- `s#10%$&'()-` `s#10%1!&'()-`  !10%%%&'()-
!10%%%&'()-  3!10%%%&'()- QQ/RwSSTbT|[:NA41010 @#!10%%%&'()- `!10%%%&'()-3
"10%%%&'()-  !10%%%&'()-L #10%%%&'()-  L!10%%%&'()- bTTWUVVWYW|[:NA41010
4!10%%%&'()-  310%%%&'()- 31M10%%%&'()- 9* "10%%%&'()-: &#10%%%&'()-
$!10%%%&'()- YWWHXKXLXMXNXXXvU410 !10%m$m&'()-  3!10%m$m&'()- 101010
<&10%&'()- 9#10%%%&'()- s6!10%%%&'()-XAYYYZZ.[|[:vU410  9!10%m$m&'()-
!10%m$m&'()- !10%m$m&'()- &#10%m$m&'()-F s10%m$m&'()-   10%m$m&'()-
.[[[\R\\J]|[:vU410  CA&#10%0$0&'()- !10%m$m&'()- ,F10%m$m&'()-
910%m$m&'()-  !10%m$m&'()- &#10%m$m&'()- J]]]G^^E__|[:vU410  -!10%m$m&'()-
+!10%m$m&'()-  V*(#10%C$C&'()- &!10%m$m&'()-  %!10%m$m&'()- S#!10%m$m&'()-
__>```maa|[:vU410  9#10%m$m&'()- 6!10%m$m&'()- ,410%m$m&'()- 



310%m$m&'()- 31#10%m$m&'()-  y/!10%m$m&'()- aaaaab(ckddvU410 9#10%m'm&'()-
Y"10%m'm&'()-: @@#10%m'm&'()- 3!10%m'm&'()-910$10$10$ y<
10%$&'()-dd8ee)fcgg|[:vU410  &l(#10%m'm&'()-  `!!10%m'm&'()-` 9#10%m'm&'()-
F!10%m'm&'()-  @y10%m'm&'()-G 10%m'm&'()-gVhhhiii|[:vU410  s610%m'm&'()-
s4&10%`'`&'()-  `)&31#10%M'M&'()- f/!10%m'm&'()-  -!10%m'm&'()-
9*!10%m'm&'()-iEjjjjjjjkvU410  "10%$&'()- 3!10%$&'()-10m'm10m'm10m'm
<10%m'm&'()- &9#10%m'm&'()-  @@8 10%m%m&'()-k0lsl mmno|[:vU410
QB#10%Q$Q&'()-F  LB#10%L$L&'()-F  9Z10%$&'()- Q!10%$&'()- '10%$&'()-
`,@#10%$&'()- o5ppp0qeqr|[:vU410  210%&'()- 3110%$&'()-  y/10%$&'()- -
10%$&'()-  Q/$#10%Q$Q&'()-: Q$#10%Q$Q&'()-:rIrrrrrrr(svU410 3#10%&'()-`
3#10%x&'()-`10#10#10# <10%#&'()- 910%"&'()-
!s@810%!$!&'()-(sstNtttcu|[:vU410  Y#10%"&'()-3  10%$&'()- HA3#10%H$H&'()-`
3#10%&'()-` 3#10%&'()-` c3#10%&'()-`cuvv|wwxx|[:vU410  F1@ 10%$&'()- F1@
10%$&'()- F1@ 10%&'()- 9*g10%$&'()-M (Y#10%Z&'()-3  `AY#10%`$`&'()-3
xxxyySyzz{vU410 10%(&'()-  310%(&'()-M s3S 10%"&'()- !s3S 10%&'()-101010
<10%&'()-{K{{{|K|||[:vU410  s!10%(&'()- s!10%"&'()- 10%(&'()- !  10%(&'()-
10%(&'()-  10%(&'()-||H}{}}}~|[:vU410  F1&10%(&'()-  y/ 10%(&'()-  -
10%(&'()-! , 10%(&'()-  $&10%.(.&'()-` $&10%.(.&'()-`~J~~~~
#$%&|[NA41010(10(10( <10%(&'()- f:10%(&'()-! 6z10%(&'()- 4 10%(&'()-  3
10%(&'()-&@v|[:NA41010 0`Y10%'&'()- &`Y10%'&'()- 310%44&'()-f!
310%0'0&'()-f h310%& &&'()-f 310%! !&'()-f9|[:NA41010 @810% h% &'()-
VHF1#10%'&'()-& `$F1#10%c&'()-&! &t10%H&H&'()- &t10%LL&'()- (&t10% }
&'()-XvU410 !10%'&'()-M `,#10%'&'()-  !10%'&'()-`10 ' 10 ' 10 '  <10% '
&'()- 9#10% ' &'()->n`|[:vU410  CA#10%J'J&'()- !10%'&'()-   !10%'&'()-
f10%'&'()-  s10%'&'()-  #10%'&'()-[,p|[:vU410  +!10%'&'()- 



*10%'&'()-  Y(g10%'&'()-  &!10%'&'()- $!10%'&'()- #%10%'&'()- dW|[:vU410
8!10%'&'()-  `6!10%'&'()- 4!10%'&'()-  Q/1#10%X'X&'()- S/!10%'&'()-
-!10%'&'()- EHIJKFvU410  !10%G$G&'()-  !10%G$G&'()-  3!10%G$G&'()-
10'10'10' s<10%'&'()- 9#10%'&'()- Fje|[:vU410  L#10%G$G&'()-  L!10%G$G&'()-
!10%G$G&'()-  !10%G$G&'()-  @10%G$G&'()-  Ts-#10%G$G&'()-e65|[:vU410
&!10%G$G&'()-  $!10%G$G&'()-  @#!10%G$G&'()- S!10%G$G&'()-  L10%G$G&'()-
!10%G$G&'()-L5*n|[:vU410  931#10%G$G&'()-  y/!10%G$G&'()-  S-10%G$G&'()-
+:!10%G$G&'()-  9*!10%G$G&'()-  9l(#10%G$G&'()- ZX|[NA41010G$G10G$G10G$G
<10%G$G&'()- 99#10%G$G&'()-  s6!10%G$G&'()- 4!10%G$G&'()-
3!10%G$G&'()-T|[:NA41010 Y10%'&'()-  `@#10%'&'()- `10%'&'()-3  10%'&'()-
!10%'&'()-3 !10%'&'()- -~d|[:NA41010 !10%'&'()-  3!10%'&'()-  f10%'&'()- g
10%'&'()-  #10%'&'()-3 &10%'&'()- [S|[:NA41010 *!10%'&'()-` Y(#10%'&'()-
&10%'&'()- ,#F"10%'&'()- `!!10%'&'()-  #10%'&'()- ;|obU410
10%)&'()-10'10'10' s<-10%'&'()- 9%10%'&'()-S 2!10%'&'()-`  1#10%'&'()-
b2|[:bU410  #10%)&'()- &!10%)&'()-  %10%%&'()- L'10%8)8&'()- qL'10%&'()-
V!10%)&'()- |[:bU410  #!10%)&'()- L#10%l)l&'()- #10%)&'()-  10%)&'()-
10%)&'()- !10%)&'()- h1|[:bU410  9#10%)&'()- `6!10%#&'()- 410%)&'()-
V.-#10%v)v&'()-: VR-#10%v)v&'()-: [.Y(#10%{){&'()-evU410 10% } &'()-
L-#10%p'p&'()- cL-#10% 



' &'()- !10% ' &'()-10)10)10) ss<10%)&'()-fXU^|[:vU410  &10% ' &'()- 6s
@&10%'&'()- s @&10%'&'()- S!10% ' &'()-  pAY%10%'&'()-M
pQY%10%'&'()-M^|[:vU410  V4$10%'&'()-` V31#10%'&'()- @/!10% ' &'()-  +!10%
' &'()- *!10% ' &'()-  Y(#10% ' &'()- (vvU410  !10%%&'()-  !10%%&'()-
!10%%&'()-10 ' 10 ' 10 '  ss<10% ' &'()- 4$10% ' &'()-`N|[:vU410
10%%&'()- #10%%&'()-  l!10%%&'()- !10%%&'()- 



10%%&'()- Tss-#10%%&'()-l=|[:vU410  @#!10%%&'()- &!!10%%&'()-m #10%%&'()-
10%%&'()- F!10%%&'()- y10%%&'()- @i|[:vU410  2!10%%&'()-  31#10%%&'()-
&*!10%%&'()-M l(#10%%&'()-  &10%%&'()- % 10%%&'()-iknopq|[NA41010%10%10%
<10%%&'()- 9#10%%&'()-  3f@8M$10%%&'()- s6@10%%&'()- 4!10%%&'()-
qa|[:NA41010 S!10%%%&'()-  10%%%&'()-  10%%%&'()-  !10%%%&'()-`
`S#10%%%&'()-3  "10%%%&'()-M+wh|[:NA41010 &* 10%%%&'()- F(#10%%%&'()-
L!"10%$&'()-M #10%%%&'()-  10%%%&'()-  Z10%%%&'()-;1|[:NA41010 4!10%%%&'()-
210%%%&'()-  110%%%&'()- S/!10%%%&'()-  -!10%%%&'()-  +10%%%&'()-1e
]|obU410 !10%r%&'()- 101010 `s<10%&'()- 9#10%%%&'()-  710%%%&'()-Y
L610%%%&'()- ](pb|[:bU410  !10%r%&'()-3 Y3"10%r%&'()-  !10%r%&'()- s
-#10%r%&'()-3 LZ10%r%&'()-  !10%r%&'()- R|[:bU410  s!!10%r%&'()-
#10%r%&'()-  !10%r%&'()-  f!10%r%&'()-  10%r%&'()-  "10%r%&'()-|[:bU410
9#10%r%&'()- 8L6%10%#&'()- 4!10%r%&'()-  H81#10%r%&'()- *!10%r%&'()-`
Y(#10%r%&'()- PgvU410 9G9%10%:$&'()-g >C9%10%?$&'()-g 99%10%C$&'()-g
99%10%C$&'()-g10r%10r%10r% &<:10%r%&'()-g;+|[:vU410 9 H*F%10%>k&>&'()- >
*F%10%qk&q&'()- 9 ,##10%k&&'()-:9 `C,##10%k&&'()-: LB&3#10%k&&'()-`
QC&3#10%k&&'()-`+&vvU410 `!10%8%&'()-  10%8%&'()-  10%8%&'()-
!10%8%&'()-10k&10k&10k& ~*F%10%k&&'()- v_~!|[:vU410  s!!10%8%&'()-
&#10%8%&'()- !10%8%&'()-` #10%8%&'()-  !10%8%&'()-M s,-#10%8%&'()- !o
f|[:vU410   1#10%8%&'()- &*!10%8%&'()-M l(#10%8%&'()- &!10%8%&'()-
$10%8%&'()- @#10%8%&'()-IY !|[:-4108% <10%8%&'()- 9s10% &'()-
,8!10%8%&'()-  ,s6 10%#&'()-  4&10%8%&'()- 



2$10%8%&'()-3!"#k\bA4108%   10%G$G&'()-  L!10%G$G&'()-   !10%G$G&'()-
!10%G$G&'()-  @10%G$G&'()- 108%108%61|[:A4108%  !10%G$G&'()- S!10%G$G&'()-
@10%G$G&'()-  9M10%G$G&'()- Y!10%G$G&'()- Q!10%G$G&'()-o|[:A4108%
-!10%G$G&'()-  *!10%G$G&'()- 9F(#10%G$G&'()-  `!!10%G$G&'()-L L#10%G$G&'()-
!10%G$G&'()- <q [|[:A4108% 98#10%G$G&'()- L6!10%G$G&'()-  4!10%G$G&'()-
@210%G$G&'()- 91 10%G$G&'()-  S/!10%G$G&'()- 0!vU410 `!10%$&'()-
!10%$&'()-  ,10%$&'()-    10%$&'()-10G$G10G$G10G$G s<10%G$G&'()-!e
P|[:vU410  s!10%$&'()-  #10%$&'()-  !10%$&'()-` &9#10%$&'()- l!10%$&'()-
-#10%$&'()-[U|[:vU410  +!10%$&'()- &*!10%$&'()-  l(#10%$&'()-  &!10%$&'()-
$!10%$&'()-  @#10%$&'()- 83|[:vU410  Ls6#10%L$L&'()- 4!10%$&'()-3
2#10%"&'()-3  1#10%$&'()-3 f/10%$&'()-  -10%$&'()-)/012vU410  10%%&'()-
!10%%&'()-  !10%%&'()- 10$10$10$ <`10%$&'()- s6#10%$&'()-Z5*|[:vU410
#10%%&'()- Y!10%%&'()- 10%%&'()-  10%%&'()-Y `@#10%%&'()-
L10%%&'()-*,%|[:vU410  #!10%%&'()-  CAY#10%W%W&'()- 10%%&'()-   3 10%%&'()-
S!10%%&'()-   "10%%&'()- %tQ|[:vU410  -!10%%&'()-  +!10%%&'()-  *10%%&'()- 



F(:10%%&'()-  &!10%%&'()-  $!10%%&'()- D|[NA41010/J /10/J /10/J / 0;@10%/J
/&'()-m 9 10%%&'()- 2!10%%&'()- 1#10%%&'()-  S/!10%%&'()- 3@ |[:NA41010
#10%K%&'()- A#10%K%&'()- #10%K%&'()- y#10%K%&'()- 0y#10%}K%}&'()-
0Hy#10%}K%}&'()- _"%&'(|[NA41010K%10K%10K% `<10%K%&'()- *`$10%K%&'()-
`C*`$10%x$&'()- *`$10%&'()- [*`$10%x$&'()-(71|[:NA41010 0lG%10%&&'()-s 4s
@#10%&&'()-` s @#10%w&w&'()-` l !10%&&'()- 10%&&'()- T10%&&'()-e|[:NA41010
,/#10%&&'()- Q,/#10%&&'()- ,/#10%&&'()- Q33(#10%&&'()-& 4lG%10%&&'()-s
lG%10%&&'()-sJvU410 `!10%t&t&'()-  !10%t&t&'()-   10%t&t&'()- 10%t&t&'()-
10j~$j10j~$j10j~$j LL<:10%j~$j&'()-:  3n |[:vU410  !10%t&t&'()-M
#10%t&t&'()- &S10%t&t&'()-  Y!10%t&t&'()-  !10%t&t&'()- %10%&&'()-  ^
;|[:vU410  F(#10%t&t&'()-  &!10%t&t&'()- $!10%t&t&'()-  ,#10%t&t&'()-
`!10%t&t&'()- #10%t&t&'()-%xu|[:vU410  9$10%t&t&'()- L6!10%t&t&'()-
410%t&t&'()-  210%t&t&'()-  1#10%t&t&'()- *!10%t&t&'()-M:vU410
BT&10%R'&'()-6 MT&10%R'&'()-6 T&10%R'&'()-6 T&10%R'&'()-610t'$t10t'$t10t'$t
`s<10%t'$t&'()-:|[NA41010R'10R'10R' .T&10%R'&'()-6 .T&10%R'&'()-6
)T&10%R'&'()-6 HT&10%R'&'()-6 AT&10%R'&'()-64G1|[:NA41010 !10%Z'Z&'()-
9-#10%Z'Z&'()-  L!10%Z'Z&'()-    10%Z'Z&'()- 310%Z'Z&'()- !10%Z'Z&'()-
-~L|[:NA41010 Q=l#10%+'+&'()- !10%Z'Z&'()-: #10%Z'Z&'()-  



10%Z'Z&'()-  Y@10%Z Z&'()- !10%Z'Z&'()- LA    |[:NA41010 +10%Z'Z&'()-
*!10%Z'Z&'()- F(#10%Z'Z&'()-  &!10%Z'Z&'()- &$S&10%'&'()-  #10%Z'Z&'()-G
G!!!)"o"#|[:NA41010 6L6"10%'&'()-  410%Z'Z&'()-  2f10%Z'Z&'()-
0#10%Z'Z&'()-  @/m"10%Z5'Z&'()-  -s10%Z'Z&'()-#c#f#g#h#i##$&&vU410
#10%')'&'()- 9z#10%')'&'()- 9z#10%{){&'()-10Z'Z10Z'Z10Z'Z ``<10%Z'Z&'()-
9%10%Z'Z&'()- &&_''((S**|[:vU410  Y) (10%)&'()- Y) (10%)&'()- #10%')'&'()-
QR#10%)&'()- [=#10%)&'()- QR#10%)&'()-*++++++M,o,vU410 10%X&&'()-
!10%X&&'()- 10')'10')'10')' L<G10%')'&'()- l4#10%')'&'()-t
Vl4#10%)&'()-to,,U-..200|[:vU410  #10%X&&'()- !10%X&&'()-M #10%X&&'()-
#10%M$&'()-L cL9-#10%X&&'()-  l 10%X&&'()- 00"1w112^3|[:vU410  *"10%%&'()-L
F(#10%X&&'()- y&!10%X&&'()-  $!10%X&&'()-  #10%X&&'()-
9!`$10%&'()-^333R44H5O5P5|[:-410X& `L<10%X&&'()- 9'10%X&&'()- 96!10%X&&'()-
4!10%X&&'()-  210%X&&'()- 0"10%X&&'()-P5Q5R5t556)66bA410X&  +!10%$&'()-
10%$&'()-  l &!10%$&'()-  10%$&'()-  10%$&'()- 10X&10X&6 7p778 9Z9|[:A410X&
9!'10%$&'()-  &F#10%$&'()-F s!10%$&'()-& &#10%$&'()-  !10%$&'()-
3!10%$&'()- Z99@::;6<w=|[:A410X& Y2%10%!&'()-` 0#10%$&'()-  )!10%$&'()-M
3(#10%$&'()-  f&!10%$&'()-  Q#!10%$&'()-w======$>u>>vU410  !10%g%g&'()-
!10%g%g&'()-  A$10%(%(&'()- 10 $10 $10 $ `f;g10% 



$&'()- 9#10%$&'()- >n???4@@@|[:vU410  10%g%g&'()-  !10%g%g&'()-4A
F!10%g%g&'()-  !10%%&'()- !10%gg&'()- T9-#10%g%g&'()-@@KAAA'BC|[:vU410
L!!10%g%g&'()- Y#10%g%g&'()- A 10%g%g&'()-  !10%g%g&'()- S!10%g%g&'()-
10%g%g&'()- CCD^DDD7E|[:vU410  1#10%g%g&'()-  @/10%g%g&'()- A -M10%g%g&'()-
+!10%g%g&'()-  *!10%g%g&'()- &#10%g%g&'()-7E}FFFFFFHfHvU410 #10% &'()-Z"
H#10%8%&'()-Z"10g%g10g%g10g%g `<10%g%g&'()- 9$10%g$g&'()-
2!10%g%g&'()-`fHFIJxLLM@N}\;vU410  *#10%8%&'()- V*#10%8%&'()-
#10%8%&'()-Z"#10%8%&'()-Z" #10%8%&'()-Z" LM#10%8%&'()-Z"@NOOOOOO-QQvU410  @
s'10%(&'()-$ @ s'10%(&'()-$108%108%108%" L`<10%8%&'()- 2#10%8%&'()-@
V2#10%8%&'()-@QRTUPVSVV|[:vU410   QC-#10%(&'()- ,,10%@(@&'()- $/@
s'10%(&'()-$" $B@ s'10%(&'()-$ K@ s'10%(&'()-$ C@
s'10%(&'()-$VWXXXXXX%Y|obU410 ,10%k)&'()- 10@(@10@(@10@(@ <10%@(@&'()-"
s6#10%@!@&'()- Qs6#10%(&'()- Q/-#10%(&'()-%YYrZ[\\\|[:bU410   !10%k)&'()-
!10%k)&'()- &#10%k)&'()-" !10%k)&'()-M cL@#10%k)&'()-
!10%k)&'()-\]]X^^^^|[:bU410  +:10%k)&'()-  &F(-10%k)&'()- #!10%5k)5&'()-"
H#!10%k)&'()- L!-10%&'()-  9#10%k)&'()-^e_V`aaaaaIb|obU410
!10%T%T&'()-M10k)10k)10k) `<10%k)&'()-" -2(10%(&'()- M2(10%V(V&'()-
&-#10%k)&'()-Ibbcddee|[:bU410  C&#10%&'()-t &#10%T%T&'()-t  f10%T%T&'()-"
CK&#10%%&'()- H&#10%%&'()- -#10%T%T&'()- eef fgAgg|[:bU410
.3,S/$10%%&'()-9 .,S/$10%&'()-9 HLF(#10%%&'()-s" F(#10%T> T&'()-s
$910%T%T&'()- &#10%U%U&'()-tghhhhh;iiiyX710   !10%)&'()-  !10%)&'()-
10%)&'()-100|0100|0100|0 \$,S/$10%0|0&'()-9
$M,S/$10%%&'()-9i0jDjjjdkk|[:yX710   #10%)&'()-  l!10%)&'()- !10%)&'()-
10%)&'()- L@z10%)&'()- s!10%)&'()- km:mmm'nun|[:yX710   &!10%)&'()-
$!10%)&'()- @#!10%)&'()-  9!'10%)&'()- 10%)&'()- !10%)&'()-9unn
oXooo~p|[:yX710   V831#10%v)v&'()-  f/10%)&'()-  --10%)&'()-  +!10%)&'()-
L&*-&10%)&'()-  l(-10%)&'()- ~ppqhqqqqqq|[NA41010)10)10) `<10%)&'()-
9#10%)&'()-  ,8!10%)&'()-  s6!10%)&'()-  4!10%)&'()- qsessstt|[:NA41010
#10%%(&'()- Y!10%%(&'()- !10%%(&'()- 10%%(&'()-  ` "10%%(&'()-3
!10%%(&'()-ttvv wFwww|[:NA41010 Y(#10%%(&'()-  &10%%(&'()-  $10%%(&'()-
#!10%%(&'()-  9G&10%`%`&'()- !10%%(&'()-sw<xxx7ycyy|[:NA41010  210%%(&'()-
110%%(&'()-  S/!10%%(&'()-  -!10%%(&'()-  +%10%%(&'()- *!10%%(&'()-
yyMzzzzzzz|[NA41010%(10%(10%( `s<10%%(&'()- 9#10%%(&'()-3 Q8(10%xA&x&'()-3
`6 "10%%(&'()-  4!10%%(&'()- z{{{.|| }|[:NA41010 F!10%T%T&'()-
!10%T%T&'()- ( 



#10%%&'()-  910%T%T&'()- l !10%T%T&'()-4 !10%T%T&'()- }t}}~k~~e|[:NA41010
$10%T$T&'()- !10%T%T&'()-  @!10%T%T&'()- !10%T%T&'()-  #10%T%T&'()-
!10%T%T&'()- e[9|[:NA41010 *10%T%T&'()- 3(10%T%T&'()-  y&!10%T%T&'()-
$!10%T%T&'()-  L#T#10%%&'()-  L!!10%T%T&'()- 93'|[:NA41010 4!10%T%T&'()-
2!10%T%T&'()-  0#10%T%T&'()-  @/!10%T%T&'()-  -!10%T%T&'()-  +!10%T%T&'()-
'w<|obU410  10%m'm&'()- 10T%T10T%T10T%T s`<10%T%T&'()- 9:10%T%T&'()-3
,7t$10%%&'()-3 96!10%T%T&'()- <-q|[:bU410  Y!10%m'm&'()-  !10%m'm&'()-
,`$10%'&'()-  L!10%m'm&'()-   !10%m'm&'()-   "10%m'm&'()- qN|[:bU410
#10%m'm&'()-  !10%m'm&'()-  f10%m'm&'()-  m10%m'm&'()-  #10%m'm&'()-
!10%m'm&'()- <g|[:bU410  1#10%m'm&'()-  *F"10%m'm&'()-M &#10%m'm&'()-
,#!10%'&'()- ,#!10%mm&'()- `!!10%m'm&'()-3gV|[:-410'  9<S10%'&'()-
9#10%m'm&'()- 8!10%m'm&'()-  `6f&10%'&'()-  4!10%m'm&'()-  2!10%m'm&'()-
;:bA410'  !10%g(g&'()- F10%g(g&'()-3 !10%g(g&'()- `Y%10%g(g&'()-
!10%g(g&'()-M10'10'5y|[:A410' L!!10%g(g&'()-  #10%g(g&'()- !10%g(g&'()-
S!10%g(g&'()-  !10%g(g&'()-  #10%g(g&'()- hU|[:A410' -m10%g(g&'()-
+!10%g(g&'()-  *!10%g(g&'()- F(#10%g(g&'()- &!10%g(g&'()-
#!10%g(g&'()-lW|[:A410' 8!10%g(g&'()-  L6 "10%g(g&'()-  .4'10%(&'()-
2!10%g(g&'()-  0#10%g(g&'()-  @/10%g(g&'()-<vU410  !10%$&'()- 10%$&'()-
10%$&'()-10g(g10g(g10g(g sL<10%g(g&'()- 9R'10%g(g&'()- &||[:vU410
Y#10%$&'()- CY#10%C$C&'()- 10%$&'()- 



10%$&'()- s 3%10%"&'()-  9!10%$&'()- :(z|[:vU410  &!10%$&'()- $!10%$&'()-
#!10%$&'()-  &!10%$&'()-3  10%$&'()- !10%$&'()-:z_(|[:vU410  1#10%$&'()-
,S/10%$&'()-  -10%$&'()-  *!10%$&'()- *!10%k &'()- F(#10%$&'()-(yW|[:-410H$
`<10%H$&'()- 9#10%$&'()-3 810%$&'()-  96!10%0&'()-  4!10%$&'()- 2!10%$&'()-
UbA410H$  V8&#10%0$0&'()-Z" L&#10%&$&&'()-Z" &#10%Z$Z&'()-Z"
H&#10%"$"&'()-Z" 9&#10%$&'()-Z"10H$10H$UDt{||[:-410Z$Z `<g10%Z$Z&'()-
&*#10%Z$Z&'()- `)&*#10%:$:&'()- [&*#10%5$5&'()- &#10%Z$Z&'()-Z"
V:&#10%0$0&'()-Z"|}~"q bA410Z$Z  Y!10%%&'()-  s-#10%%&'()- L!10%%&'()-
!10%%&'()-  !10%%&'()-10Z$Z10Z$Z ["s|[:A410Z$Z #10%%&'()-  !10%%&'()-
S!10%%&'()-3 10%%&'()-  S10%%&'()- &!10%%&'()- RPA|[:A410Z$Z 1#10%%&'()-Z
-!10%%&'()- +!10%%&'()-  *!10%%&'()-  Y(#10%%&'()-
`!!10%%&'()-`AZ|[NA41010%10%10% ss<10%%&'()- 9#10%%&'()- L6!10%%&'()-
410%%&'()-  2M!10%&'()-OnE|[:NA41010 93#10%)&'()- y10%M)M&'()-  sl
-#10%)&'()-M sl -#10%)&'()-M !10%M)M&'()- !10%M)M&'()- E|\;NA41010  )
10%M)M&'()-#10%M)M&'()-G  ##10%M)M&'()-G  i#10%66&'()-G  10%M)M&'()-
3#10%M)M&'()-ZO|[NA41010M)M10M)M10M)M s`<10%M)M&'()- C34m(10%)&'()-
C34m(10%)&'()-  [.+#10%()(&'()- [>+#10%()(&'()-Z\|[:NA41010 !10%$&'()-
s-#10%$&'()-  9!10%$&'()-   !10%$&'()- 10%$&'()-  10%$&'()- \4&|[:NA41010
Sg10%$&'()- !10%$&'()-  #10%$&'()-  FG"10%$&'()- FG"10%+&'()- !10%$&'()-
&m}|[:NA41010 &10%$&'()- $10%$&'()- L!!10%$&'()- #10%$&'()-  !10%$&'()-
10%$&'()- ;ors|[:-410$ `<10%$&'()- 9#10%$&'()-  2!10%$&'()-M 0#10%$&'()-
*!10%$&'()-9 F(#10%$&'()-stu)bA410$  !10%%%&'()-  L&-#10%%%&'()- Y
10%%%&'()- !10%%%&'()- !10%%%&'()- 10$10$c#}&|[:A410$ 9!!10%%%&'()- 



l#10%%%&'()-  s "10%%%&'()-M #10%%%&'()-  `10%%%&'()-Y S!10%%%&'()-
&UK|[:A410$ 010%%%&'()- )!10%%%&'()-`  (#10%%%&'()- S&!10%%%&'()-
$10%%%&'()-  "z10%%%&'()-0&)*|[:-410%% L9<10%%%&'()- s9m10%%%&'()-m
7!10%%%&'()- &6!10%%%&'()-  Y4!10%%%&'()-   210%%%&'()-*+,-wKbA410%%  VY
(10%)&'()-  910%')'&'()-  !10%')'&'()-  10%')'&'()-
,10%')'&'()-t10%%10%%9wa|[:A410%% >B#10%)&'()-: 9#10%)&'()-: @!10%')'&'()-
HF3#10%)&'()-` C3#10%)&'()-` !10%')'&'()-j 0|[:A410%% [.s-#10%)&'()-f
[s-#10%)&'()-f )!10%')'&'()- 3(#10%')'&'()-  y&!10%')'&'()-
V#!10%')'&'()-)/012vU410 `#10%$&'()-` `#10%>$&'()-` !10%$&'()-
10')'10')'10')' `L<l10%')'&'()- F9f&10%)&'()-y|m|[:vU410   10%$&'()-
@!10%$&'()- !10%$&'()- #10%$&'()- 3!10%$&'()-  "10%$&'()-#9$|[:vU410
s-!10%$&'()-  +!10%$&'()- )10%$&'()-  3(10%$&'()- 9!!10%$&'()-:
Yy#10%$&'()-3$eU|[NA41010$10$10$ L<10%$&'()- 910%$&'()- 96"10%$&'()-
V.0#10%V$V&'()- ,/'10%$&'()- _M|[:NA41010 10%@(@&'()-  s#10%@(@&'()-
L!10%@(@&'()-   !10%@(@&'()-  !10%@(@&'()- 10%@(@&'()-((;|[:NA41010
!10%@(@&'()- f10%@(@&'()- 10%@(@&'()- #10%@(@&'()- 9Yg&10%(&'()-
10%@(@&'()-:)y|[:NA41010 Y(#10%@(@&'()- &10%@(@&'()- $10%@(@&'()-
`!%10%H(H&'()- #10%@(@&'()-3 10%@(@&'()- ka|[:NA41010 210%@(@&'()-  @
1L'10%@(@&'()- S/!10%@(@&'()-  -10%@(@&'()-  +10%@(@&'()-  *!10%@(@&'()-
H|[NA41010@(@10@(@10@(@ ss<10%@(@&'()- L39Y%10%(&'()-  8!10%@(@&'()-
`6!10%@(@&'()- 410%@(@&'()- E)z|[:NA41010 !10% ' &'()-   -#10% ' 



&'()-  9!10% ' &'()- l !10% ' &'()-  10% ' &'()-  10% ' &'()-rR|[:NA41010
@!10% ' &'()- !10% ' &'()-  &#10% ' &'()- 10% ' &'()- sF@&10%~'~&'()-  !10%
' &'()-El \z|[:NA41010 y&f10% ' &'()- $!10% ' &'()- #!10% ' &'()-
!10%k'k&'()-F &`10% ' 



&'()- !10% ' &'()- zk,|[:NA41010 0#10% ' &'()-  ,@/10% ' &'()- s-Y10% '
&'()- +!10% ' &'()-  )!10% ' &'()-  F(#10% ' &'()-,~8|[:-410 " lL<:10%
"&'()- 9#10% ' &'()-3 8 %10% ' &'()- ,9610% ' &'()-  4 10% ' &'()- 2!10% ' 



&'()-V;bA410 " l H> %10%Hk#H&'()-% CF %10%Cp#C&'()-% > %10%>k#>&'()-% CC
%10%Ck#C&'()-% > %10%>f#>&'()-%10 "10 ";#xH|[:A410 " F4"10%#&'()-
2!10%$&'()- L-#10%$&'()- HHL-#10%H$H&'()- L4 %10%Lz#L&'()-% LB
%10%Lu#L&'()-%HvU410 `#10%$&'()- F !10%%&'()-  !10%%&'()-10$10$10$
9$10%$&'()-M F4"10%#&'()-iD|[:vU410  `!10%%&'()-9 y#10%%&'()-  10%%&'()-
10%%&'()- !10%%&'()- `#10%%&'()-ZW|[:vU410  )!10%%&'()-s  (#10%%&'()-
S&!10%%&'()-  "!10%%&'()- !!10%%&'()- 3y#10%%&'()-3H4|[:vU410  9#10%%&'()-
7"10%$&'()-  6!10%%&'()-   Y410%%&'()-  2-10%#&'()-  0#10%%&'()- 4#pvU410 L
@#10%%&'()- 10%%&'()- !10%%&'()- !10%%&'()- 10%10%10% L<10%%&'()-pbi
|[:vU410  >#10%%&'()- !10%%&'()-   `10%%&'()- T10%%&'()- !10%%&'()-
!10%%&'()-  1|[:vU410  Q`-#10%%&'()- f)&$10%%&'()- f)&$10%rJr&'()-
f&#10%%&'()- $M10%%&'()- >B#10%%&'()-!jmnop|[NA41010Ve!V10Ve!V10Ve!V
,9<M10%Ve!V&'()-S 9#10%%&'()-3 710%%&'()- Q`-#10%%&'()- I;
`-#10%%&'()-p-}p|[:NA41010 `!10%&&'()-  #10%&&'()-  !10%&&'()-    10%&&'()-
S4 10%&&'()-  !10%&&'()- pL   |[:NA41010 f!10%&&'()-  !10%&&'()-
!10%&&'()-  &10%&&'()-  l@10%&&'()- &10%&&'()-  4.  



|[:NA41010 -!10%&&'()-  )!10%&&'()- '#10%&&'()-  &!10%&&'()-  s$10%&&'()-
LB3#10%Y&Y&'()-   K'|[:NA41010 7!10%&&'()-  5-#10%&&'()-   410%&&'()-
f210%&&'()-  0#10%&&'()-  .10%&&'()-'y|}~0vU410 3 10%%&'()- y10%%&'()-
410%%&'()- 10&10&10& s<10%&&'()- `9#10%&&'()-30}l|[:vU410  #10%%&'()-
!10%%&'()- @!10%%&'()-3 !10%%&'()-  s -#10%%&'()-  10%%&'()-3ZF|[:vU410
S&10%%&'()-  $10%%&'()-  "!10%%&'()-  !!10%%&'()-  F#10%%&'()-3
L!10%%&'()-`'`O|[:vU410  6 10%%&'()-3 F43"10%%&'()-  2!10%%&'()-
0#10%%&'()-3 )!10%%&'()-M (#10%%&'()- ;>?@AvU410  -#10%m$m&'()-
!10%m$m&'()-`10%10%10% `&<10%%&'()- 9#10%%&'()-F 710%%&'()- I92|[:vU410
`!10%m$m&'()-L &#10%m$m&'()-  !10%m$m&'()-   !10%m$m&'()-  ,f10%m$m&'()-
10%m$m&'()- 2|uN|[:vU410  )!10%m$m&'()-M  (#10%m$m&'()-  S&10%m$m&'()-
"!10%m$m&'()- &!!10%m$m&'()-  &l#10%m$m&'()- NA  (!+!,!|[:-410  `Lf;g10%
&'()- &6#10%m$m&'()- Q&6#10%>!>&'()- Y4!10%m$m&'()-3 2#10%m#m&'()-
0#10%m$m&'()- ,!-!.!!!"k"Y#bA410   `!10%8(&'()- L -#10%8(&'()-   10%8(&'()-
f!10%8(&'()- F"10%8(&'()- 10 10 Y#m##$4%%&|[:A410  s$!10%8(&'()-  3
Y%10%-8(-&'()-' 3#10%8(&'()-  9!10%8(&'()-M #10%8(&'()- 10%8(&'()-
&p&&&'l''|[:A410  .!10%8(&'()-  &-!10%8(&'()-   l+10%8(&'()-  )M10%8(&'()-
'#10%8(&'()-  ,&!10%8(&'()- '(`((()m)|[:A410  s9#10%8(&'()- 7&10%8(&'()-
510%8(&'()-   4!10%8(&'()-  f2!10%8(&'()-  0#10%8(&'()-
m)p)q)r)s))*k*+vU410 T-#10%(&'()- F 



!10%(&'()-  y!10%(&'()-  !10%(&'()-108(108(108(
L<10%8(&'()-+^+++,[,,|[:vU410  `!10%(&'()- &#10%(&'()-  ,10%(&'()-
10%(&'()-  S!10%(&'()-  !10%(&'()- ,,?---.~..|[:vU410  $!10%(&'()-
"!10%(&'()- y:'10%w(w&'()- 1y:'10%(&'()- !10%(&'()- !10%(&'()-
./Y///L00|[:vU410  /!10%(&'()-  L-!10%(&'()-  +!10%(&'()-  ,)10%(&'()-
(Y10%(&'()-  S&!10%(&'()- 0022222222|obU410 10%%%&'()- 10j(j10j(j10j(j
,<T10%j(j&'()- 9#10%(&'()-F 2!10%(&'()-M 0#10%(&'()- 22433)4u44|[:bU410
z10%%%&'()- f!10%%%&'()-  L @#10% %% &'()- &!10%%%&'()- Y !10%%%&'()-
10%%%&'()-44#5r555J6|[:bU410  !10%%%&'()-  10%%%&'()-  , 10%%%&'()-
`!10%%%&'()- #10%%%&'()-   10%%%&'()- J66677.8X9|[:bU410  )!10%%%&'()-M
(#10%%%&'()- S&!10%%%&'()-  "!10%%%&'()- &!"10%y$&'()-  l#10%%%&'()-
X999I::::|[:bU410  9#10%%%&'()-  710%%%&'()-  &6!10%%%&'()-3 Y4!10%%%&'()-
2!10%%%&'()-  0#10%%%&'()- ::::;=<<"=r=vU410  !10% ' &'()-  !10% ' &'()- `
S&10%K'K&'()-  !10% ' &'()-`10%%10%%10%% L9<10%%%&'()-r===8>>/??|[:vU410
&F#10% ' &'()-3 !10% ' &'()- ,!10% ' &'()-  s!10% ' &'()-  &#10% ' &'()-
@10% ' &'()- ?@'A0A}AAB|[:vU410  /%10%@'@&'()-  `-!10% ' &'()- +10% ' &'()-
)10% ' &'()-  (#10% ' &'()- &!!10% ' &'()-MBjBBB0CCC|[:vU410  9#10% ' &'()-
7!10% ' &'()- &610% ' &'()-3 Y410% & &'()-  2!10% ' &'()-  0#10% ' &'()-
CCCCC1DEdEoEvU410 l10%m'm&'()- 



&10%'&'()- V&10%C'C&'()- !10%m'm&'()- 10 ' 10 ' 10 '  s9<910% '
&'()-oEFFG$GkGG|[:vU410  F 10%m'm&'()- 10%m'm&'()- V @ 10%m'm&'()-
C&#10%0'0&'()- &#10%m'm&'()- Q!10%m'm&'()-:G*HHHIIsJ|[:vU410
``-#10%M'M&'()-` +!10%m'm&'()- V d*y&#10%Q'Q&'()- dy&#10%QQ&'()-
"!10%m'm&'()- >B&Y#10%+'+&'()-sJKKILLLMLNLOLL|obU410 !10%~)&'()-
10m'm10m'm10m'mV sL<10%m'm&'()- 7#10%m'm&'()-Y l4!10%m'm&'()-
[.`-#10%H'H&'()-`LL&MoMMOP|[:bU410  >B#10%~)&'()- 9#10%~)&'()-V Y
3%10%~)&'()-  &10%~)&'()-  l 10%~)&'()- !10%~)&'()-PPPHQ_QQQ|[:bU410
+!10%~)&'()-  )(10%~)&'()- V  (10%~)&'()- 9"!10%~)&'()- f!310%\e\&'()-3
#10%~)&'()-QSRRRBSSS|[:bU410  96!10%~)&'()-  l4&10%~)&'()- V 2!10%~)&'()-
0#10%~)&'()-  ,/!10%~)&'()-  s-!10%~)&'()- S'TqTtTuTvTwTUVvU410
9#10%`%%`&'()- 4#10%[%%[&'()-10~)10~)10~) sL<10%~)&'()- 94%10%'&'()-4
7!10%%&'()- VpXXYY0[.\|[:vU410 9 V3)#10%}%%}&'()-4 !)#10%H%%H&'()-
!#10%%%&'()-- [!#10%%%&'()-- #10%%%&'()- #10%%%&'()-.\\\\\\&]w]]vU410 F
10%%&'()- !10%%&'()-  !10%%&'()-310%%10%%10%% `L<10%%%&'()-
)#10%%%&'()-]]^_``#a|[:vU410  &!M10%%&'()-  #10%%&'()- >F#10%R%R&'()-
D"10%X%X&'()- s -#10%%&'()-G 10%%&'()- #adaraaa bqb|[:vU410  L-!10%%&'()-4
+!10%%&'()-  )10%%&'()-  (10%%&'()-  $z10%%&'()- "10%%&'()-qbb
c_dddddd|[NA41010%10%10% `9<10%%&'()- 9!10%%&'()-  2 "10%%&'()-9
0#10%%&'()-  /!10%%&'()- dTeeCffgg|[:NA41010 #10%%%&'()-   #10%%%&'()-
V!10%%%&'()- ^`&,#10%%%&'()- l !10%%%&'()-
L!10%%%&'()-g#h=hhrjkPk|[:NA41010 Q:#10%x%%x&'()-: H8#10%o%%o&'()-:
QG#10%x%%x&'()-: VC#10%}%%}&'()-: , 10%%%&'()- s!10%%%&'()-
PkikklllllFm|obU410 Y 10%&&'()- 10-*"-10-*"-10-*"- &6&10%-*"-&'()-
[&6&10%/"&'()- V2!10%%%&'()- 010%%%&'()- Fmmm3nnofo|[:bU410  F!10%'&'&'()-
L!10%'&'&'()- ` L10%'&'&'()-  9!10%'&'&'()- 



!10%'&'&'()-  10%'&'&'()- foop\ppp7q|[:bU410  !10%'&'&'()-   10%'&'&'()-
@`10%'&'&'()- !10%'&'&'()-  #10%'&'&'()- !10%'&'&'()-7qq1rrr'sct|[:bU410
*!10%'&'&'()-L F(#10%'&'&'()- y&!10%'&'&'()-  $!10%'&'&'()- # "10%'&'&'()-
>Bl#10%&&'()-cttt2uuu2v3v|[:-410% ~9:$10%%&'()-L 7!10%'&'&'()-
96!10%'&'&'()-  4#10%J&J&'()- 210%'&'&'()-  0@10%'&'&'()- 3v4v5vvsww;
xxbA410%  F!10%%&'()-3 s10%%&'()-  `l #10%%&'()-M `l #10%%&'()-M
!10%%&'()-10%10%x1yAyyy3zK{|[:A410% CF#10%W%W&'()-9 !10%%&'()- !10%%&'()-
@s10%%&'()- 10%%&'()- y#10%%&'()-K{{{||}}|[:A410% 4!10%%&'()-
V30#10%j%j&'()- ,/ 10%%&'()-  *!10%%&'()- 3(#10%%&'()-  y&10%%&'()-
}}8~I~L~M~N~O~d~|obU410 y10%m$m&'()- 10%10%10% sL<10%%&'()- 9m10%%&'()-
8s10%%&'()-  96s10%%&'()-d~~~GI|[:bU410  [!10%m$m&'()- @10%m$m&'()-
!10%m$m&'()-  -#10%m$m&'()-  10%m$m&'()- ,F 10%m$m&'()- I%||[:bU410
&Y#10%m$m&'()- !10%m$m&'()-  !10%m$m&'()-  ,10%m$m&'()-  910%m$m&'()-
&#10%m$m&'()- k#v|[:bU410  )M10%m$m&'()-  '#10%m$m&'()-  @@&s10%m$m&'()-
$10%m$m&'()- "!10%m$m&'()- 



!!10%m$m&'()- p |[:bU410  &9-10%m$m&'()-  2!10%m$m&'()-M &0#10%m$m&'()-
/!10%m$m&'()-  9-!10%m$m&'()-  ,+10%m$m&'()- !"#j\vU410 !10%G$G&'()-  F
!10%G$G&'()-3 !10%G$G&'()-  S10%G$G&'()-10m$m10m$m10m$m
&<10%m$m&'()-\a|[:vU410  L#10%G$G&'()-  10%G$G&'()-  310%G$G&'()-
Sf10%G$G&'()-  f10%G$G&'()-  @#10%G$G&'()- TJ|[:vU410  "!10%GbG&'()-
&!!10%G$G&'()-  L#10%G$G&'()- !10%G$G&'()-  ,!10%G$G&'()-  s!10%G$G&'()-
jQ|[:vU410  2$10%G!G&'()-  90#10%G$G&'()-3 )!10%G$G&'()-` 9 (#10%G$G&'()-
f&!10%G$G&'()-  "!10%U$U&'()-Y|obU410 !10%&&'()- 10p$p10p$p10p$p
9<10%p$p&'()- 99#10%G$G&'()- &6!10%G$G&'()- l4!10%G$G&'()- Dg|[:bU410
3!10%&&'()-  ,!10%&&'()-Z  10%&&'()- ^&-#10%&&'()- l !10%&&'()-
!10%&&'()-Y(|[:bU410  #!10%&&'()- #!10% &'()- [A&#10%{&{&'()- s!10%&&'()-M
9#10%&&'()-  !10%&&'()-(wr||[:bU410  @,/10%&&'()- s-10%&&'()-  +!10%&&'()-
)!10%&&'()-  &3(#10%&&'()-  y&!10%&&'()- _D|[:bU410  &9#10%&&'()-
8$10%&&'()-  @9610%&&'()-  l410%&&'()-  2!10%&&'()-  &0#10%&&'()- GfvU410
09 -#10%r(&'()- 9 -#10%Wr(W&'()- l !10%r(&'()-  "10%r(&'()-10&10&10&  9L<Z 



10%&&'()-WTs |[:vU410 0 9!"10%&'()-: `YZ%10%r(&'()-   10%r(&'()-
S10%r(&'()- HF3#10%r(&'()- >3#10%r(&'()- |[:vU410 0 7Z%10%&&'()-
V7Z%10%o&'()- >3(&10%r(&'()- 33(&10%r(&'()- 83(&10% r( &'()-
?9!"10%r(&'()-:=vU410 9 -#10%)&'()-  !10%)&'()-  3 !10%)&'()-
!10%)&'()-10r(10r(10r( L&<10%r(&'()-;8O|[:vU410   10%)&'()-  L10%)&'()-
#10%)&'()-  !10%)&'()- S!10%)&'()-  !10%)&'()- $n|[:vU410  S&!10%)&'()-
$10%)&'()-  "10%)&'()-  YZ10%)&'()-  10%)&'()- 10%)&'()- `d|[:vU410
0#10%)&'()-  /10%)&'()-  L-!10%)&'()-  9+-&10%)&'()-  )!10%)&'()-
(#10%)&'()- d |[NA41010)10)10) 9&<10%)&'()- 9#10%)&'()-Z 6(10%#'#&'()-
F4"10%c(&'()-  2!10%)&'()-  X/ |[:NA41010 !10%k&&'()- $10%Yk&Y&'()-
9!10%k&&'()-  , 10%k&&'()- 10%k&&'()-  !10%k&&'()-  q('t|[:NA41010
#!10%k&&'()-  L!!10%k&&'()-  &l#10%k&&'()-4 !10%k&&'()-: #10%k&&'()-
F!10%k&&'()-31{Y|[:NA41010 ,210%k&&'()-  110%k&&'()- *!10%k&&'()-L
F(#10%k&&'()- ,&10%k&&'()-  $10%k&&'()-YI|obU410  10%-(-&'()-10k&10k&10k&
`<10%k&&'()- 9#10%k&&'()-  L6 %10%9k&9&'()- 4!10%k&&'()-?~|[:bU410
9s10%-(-&'()-  10%-(-&'()- !10%-(-&'()- sYs%10% ( &'()-  !10%-(-&'()-
10%-(-&'()- T1|[:bU410   s!10%-(-&'()-  #10%-(-&'()- F!10%-(-&'()-
10%-(-&'()-  Z10%-(-&'()- #10%-(-&'()- xe|[:bU410  310%-(-&'()-
3110%-(-&'()- 



&*!10%-(-&'()-` (#10%-(-&'()- &!10%-(-&'()-  @#!10%-(-&'()-1*./01|[NA41010
% 10 % 10 %  `;10% % &'()- 9y#10%-(-&'()-  ,8!10%-(-&'()-  Ss69'10%(&'()-3
4!10%-(-&'()- 1^QD|[:NA41010 !10%K%&'()-  L#10%K%&'()-  F-#10%+K%+&'()-
!10%K%&'()- t$10%#&'()-  !10%K%&'()-`<e|[:NA41010 &!10%K%&'()-
##10%b#&'()- S3L!"10%K%&'()-  Lz#10%K%&'()-  s10%K%&'()-
S!10%K%&'()-P<>|[:NA41010 2!10%K%&'()-  0$10%K%&'()-3 @/!10%K%&'()-
-!10%K%&'()-  *!10%K%&'()- &F(#10%K%&'()- >jmnop|[NA41010K%10K%10K%
s<10%K%&'()- &9z&10%U"&'()-F 8"10%5$&'()-  ,L610%K%&'()-  410%K%&'()-
p3:I|[:NA41010 9z#10%r(&'()-  &10%r(&'()-  M10%a$&'()- ,10%r(&'()-
M$10%<&'()-   !10%r(&'()-L^I|[:NA41010 ,#!10%r(&'()-  s!!10%r(&'()-
9z#10%r(&'()-  ,10%r(&'()-  Ly!10%r(&'()- 10%r(&'()- [I|[:NA41010
-!10%r(&'()-  +!10%r(&'()- ,&*10%r(&'()-  &Y(10%r(&'()-  ,&10%r(&'()-  $
10%r(&'()-I<*|[:NA41010 ,8!10%r(&'()-  `6!10%r(&'()-3 4!10%r(&'()-
2''10%Zr(Z&'()-  & 1#10%r(&'()- f/!10%r(&'()- *}NvU410 !10%%&'()-  &
-#10%%&'()-  !10%%&'()-s10r(10r(10r( <10%r(&'()-3
9%10%Zr(Z&'()-FNZA|[:vU410  10%%&'()-  @G"10%%&'()- !10%%&'()-  z#10%%&'()-
HF"10%%&'()- y310%%&'()-Z|[:vU410  3(10%%&'()-   y&t10%%&'()-  #!10%%&'()-
l9!!10%%&'()-  z#10%%&'()-   10%%&'()- ZO|[:vU410  l2!10%%&'()- 



0#10%%&'()-  l,/!10%%&'()-  ls-!10%%&'()- l+!10%%&'()-  *t10%%&'()-;
"%&'(e|obU410 !10%%%&'()-`10%10%10% `<10%%&'()- y9#10%%&'()-Z l96!10%%&'()-
l4!10%%&'()-e5%t|[:bU410  @!10%%%&'()-  !10%%%&'()-  #10%%%&'()-
!10%%%&'()-   Y10%%%&'()-  ` ,#10%%%&'()-;~|[:bU410  &!10%%%&'()-
#!10%%%&'()- L!!10%%%&'()-  #10%%%&'()-3  10%%%&'()-  10%%%&'()- UJ|[:bU410
0#10%%%&'()-  @/!10%%%&'()- -!10%%%&'()-  +!10%%%&'()-   *10%%%&'()-
F(10%%%&'()-<'*+,-|[NA41010Z$Z10Z$Z10Z$Z 3`; 10%Z$Z&'()-3 9#10%%%&'()-3
L6!10%%%&'()- 4!10%%%&'()-  2!10%%%&'()- -~S|[:NA41010 F!10%z(z&'()-
!10%z(z&'()- PL@#10%z(z&'()-  !10%z(z&'()-  !10%z(z&'()-  +9#10%%(%&'()-
F0|[:NA41010 &10%z(z&'()-  #!10%7&'()- q9!'10%k(k&'()-  9#10%z(z&'()-
!10%z(z&'()-M &#10%z(z&'()-I|h|[:NA41010 L6!10%z(z&'()-  4!10%z(z&'()-
@210%z(z&'()-  &110%z(z&'()-  * "10%z(z&'()-L &F(#10%z(z&'()- h vU410
&#10%Z$Z&'()- >&#10%$&'()-10z(z10z(z10z(z `<10%z(z&'()- &9#10%z(z&'()-3
8!10%z(z&'()- 'Z+z|[:vU410  &s#10%Z$Z&'()-> V>&s#10%0$0&'()-
V*&s#10%0$0&'()- QB&s#10%+$+&'()- L&s#10%&$&&'()- &#10%Z$Z&'()-zrvU410
&&10%ZL"Z&'()- 9&&10%G"&'()-10Z$Z10Z$Z10Z$Z 9<10%Z$Z&'()- &2#10%Z$Z&'()-S
Q&2#10%+$+&'()-SrM7|[:vU410  9z#10%Z$Z&'()-9 49z#10%$&'()- ,10%Z$Z&'()-
`10%Z$Z&'()- &&10%ZP"Z&'()- >&&10%P"&'()-7/$<|[:vU410  QM&L-#10%+$+&'()-M9
+&10%Z$Z&'()- L&@&#10%&$&&'()- &@&#10%Z$Z&'()- $!10%Z$Z&'()-
!!10%Z$Z&'()-v9|[NA41010$10$10$9 &<m 10%$&'()- &9#10%Z$Z&'()-G
Q6!10%Z$Z&'()- F410%Z$Z&'()-  Q/&L-#10%+$+&'()-M;|[:NA41010 !10%`)`&'()-9
(10%)&'()-  !10%`)`&'()-  F 10%`)`&'()-  y@10%`)`&'()- !10%`)`&'()-o
]|[:NA41010 !10%`)`&'()- 9 !10%`)`&'()-  L!10%`)`&'()-  &z#10%`)`&'()- 



!10%`)`&'()-  !10%`)`&'()- ]VF|[:NA41010 )!10%`)`&'()- 9 '#10%`)`&'()-
@&#10%`)`&'()- "!10%`)`&'()- >&z#10%)&'()- &z#10%`)`&'()-JI|[:NA41010
F4!10%`)`&'()- 9 2!10%`)`&'()-  0#10%`)`&'()- /!10%`)`&'()-
,L-t10%`)`&'()-  +10%`)`&'()-88vU410 H#10%o%%o&'()- #10%%%&'()-
H#10%o%%o&'()-10<)<10<)<10<)< \(9'10%<)<&'()-` 6!10%`)`&'()-8f|[:vU410 H
[3)#10%%%&'()- [)#10%%%&'()-H (9#10%%%&'()- HY9#10%o%%o&'()- `9#10%%%&'()-
#10%%%&'()- lvU410 5Y %10%'&'()- Y %10%'&'()- Y %10%'&'()-10%%10%%10%%
L<10%%%&'()- )#10%%%&'()-li H.=|[:vU410  210%4&4&'()- 9!#10%4'4&'()-
L49!#10%'&'()- Q9!#10%'&'()- -Y %10%'&'()- AY %10%'&'()-="wz{|}[vU410
L-#10%&&'()- L-#10%&&'()-104'4104'4104'4 `9<10%4'4&'()- $L9-&10%'&'()-
LY4!10%4'4&'()-[SLeJ|[:vU410  Q3(#10%E&E&'()- L"!10%t&t&'()- #10%t&t&'()-
!10%t&t&'()-  9G#10%-&-&'()- ,!10%t&t&'()-Z|[NA41010t&t10t&t10t&t
`<10%t&t&'()- n6m(10%b$b&'()- 16m(10%%$%&'()- Q80@&10%EI$E&'()-
C,+`$10%&&'()-T|[:NA41010 10%k&&'()-  L:10%k&&'()-  #10%k&&'()-
%10%+k&+&'()- s $10%P%P&'()- !10%k&&'()-sTU  5"|[:NA41010 )!10%k&&'()-`
(#10%k&&'()-  !!10%k&&'()-` Y#10%k&&'()-  !10%k&&'()-  !10%k&&'()-
5""""@###|[:NA41010 9#10%k&&'()-  7!10%k&&'()-  6!10%k&&'()-   Y410%k&&'()-
2 10%k&&'()-  0#10%k&&'()- #####;%%(&v&vU410 !10%8%&'()-  !10%8%&'()- 9
-#10%8%&'()-  !10%8%&'()-L10k&10k&10k& `9<10%k&&'()-v&&'\((()|[:vU410
L"!10%8%&'()- !M10%8%&'()-  Y#10%8%&'()-  `!10%8%&'()-L #10%8%&'()-
!10%8%&'()- ))?*++-n-|[:vU410  9#10%8%&'()-  23"10%8%&'()-M 0#10%8%&'()-
)y#10%#&'()-M (#10%8%&'()-  S&!10%8%&'()- n-q-r-s-t-.//0vU410 "10%a$&'()-
!10%%%&'()- L #10%%%&'()-  !10%%%&'()-M10}8%}10}8%}10}8%}
C<10%}8%}&'()-0Y0012833|[:vU410  @&!10%%%&'()- "!10%%%&'()-
HFF#10%o%%o&'()- L!10%%%&'()-M z#10%%%&'()- !10%%%&'()- 33#5y56666|[:-410%%
`&<10%%%&'()- 9 "10%i&'()- 2!10%%%&'()-: 0#10%%%&'()- )!10%%%&'()-:
'#10%%%&'()- 666F77788bA410%%  F"10%~&&'()-  Ys@#10%~&&'()- !10%~&&'()-
9!10%~&&'()-  010%~&&'()-10%%10%%889991:}::|[:A410%% !10%~&&'()-
10%~&&'()- 



S!10%~&&'()- !10%~&&'()- 3%10%[~&[&'()-  !10%~&&'()- : ;o;<`<<=|[:A410%%
&!10%~&&'()-  F%!10%~&&'()-  #!10%~&&'()-  LB #10%~&&'()- `#10%R$&'()-
!10%~&&'()- ==Z==M>>D?|[:A410%% L3!10%~&&'()- 1#10%~&&'()- 13-"10%~&&'()-
@,!10%~&&'()- *10%~&&'()-  (10%~&&'()-D???6@9@:@;@<@@|obU410 !10%m$m&'()-
10~&10~&10~& <10%~&&'()- 3:#10%~&&'()-3 8!10%~&&'()-  63"10%~&&'()-
@@AABBC|[:bU410  !10%m$m&'()-  !10%m$m&'()- Y!10%m$m&'()-  Lg#10%m$m&'()-
10%m$m&'()-  L10%m$m&'()- CNCDD+EwEE|[:bU410  Y%!10%m$m&'()-  ,#10%m$m&'()-
!y10%m$m&'()-  &, #10%m$m&'()-   !10%m$m&'()-L &f#10%m$m&'()-
EFFGkGGH|[:bU410  &1#10%m$m&'()-  /!10%m$m&'()-  .!10%m$m&'()-
S,!10%m$m&'()-  `.(#10%M$M&'()- '!10%m$m&'()- HHUIIIIIII|obU410 10%^%&'()-
10m$m10m$m10m$m <10%m$m&'()- &Y:#10%m$m&'()- 6 "10%m$m&'()-
`3!10%m$m&'()-IJ_JJJKK|[:bU410  10%^%&'()-  l!10%^%&'()- -#10%^%&'()-
!10%^%&'()-  !10%^%&'()-  ,`10%^%&'()-KLZLMHNNN|[:bU410  l%!10%^%&'()-
#!10%^%&'()-  9G9, z#10%^%&'()- 3!10%^%&'()-M &y#10%^%&'()-  ,10%^%&'()-
N<O*P}PP$QxQ|[:bU410  s3!10%^%&'()-  &1#10%^%&'()-  /!10%^%&'()-
.!10%^%&'()- V.&(#10%^%&'()- &'!10%^%&'()- xQQRORRRRRR|[NA41010^%10^%10^%
<10%^%&'()- l:&$10%^%&'()-  6!10%6^%6&'()- 6!10%M&'()- ,5!10%^%&'()-
RRS~UV`XY}\;NA41010 S8@)10%G<)G&'()-3 KN@)10%?A)?&'()-3
NH@)10%B<)B&'()-3@)10%A)&'()-3  @)10%t7)t&'()-3
I@)10%=F=&'()-3Y[[[[[[B\\vU410 L!10%%%&'()-  !10%%%&'()-10t)tN10t)t10t)t3
s=10%t)t&'()-4 @)10%<)&'()-3 @)10%z<)z&'()-3\\]]^a^y^|[:vU410  Y 



10%%%&'()- F  10%E%%E&'()-  10%%%&'()- 3 Y!10%%%&'()-  ^9-#10%%%&'()-
!10%%%&'()-y^|^^^^(__|[:vU410  C= #10%j%%j&'()-  `10%%%&'()- S10%%%&'()-3
s10%%%&'()-   10%%%&'()- 10%%%&'()-_`o``aTaa|[:vU410  S,!10%%%&'()-
*10%%%&'()-  (10%%%&'()- 3 ' "10%%%&'()-  Y%!10%%%&'()-
#!10%%%&'()-aa/bb&cxcc|[:vU410  810%%%&'()- 6!10%%%&'()-  5!10%%%&'()- 3
d*1#10%%%&'()-  /10%%%&'()-  .10%%%&'()- ccccccidddvU410 10%&&'()-
!10%K(&'()-  0!10%K(&'()-M105%%5105%%5105%%5 <10%5%%5&'()-F
3:%10%%%&'()-3dd$eeeef|[:vU410  `#10%K(&'()-4   s10%K(&'()- ff10%K(&'()-
V&!10%K(&'()- Y10%o&'()-  `,#10%K(&'()-fjg[hij~kk|[:vU410  5&10%K(&'()-
5&10%K(&'()- d*('$10%K(&'()- `)('$10%K(&'()- i?#10%K(&'()-4  s)#10%K(&'()-4
kkkkkkln%ovU410 )B,'10%(&'()- : H,'10%(&'()- : ,'10%(&'()- : ,'10% &'()-
:10K(10K(10K( <10%K(&'()-3%oq6qdrrs%t&t|[:-410G(G) s,'10%G(G&'()- :
,'10%T(T&'()- : A*,'10%(&'()- : <:,'10%(&'()- : f,'10%:N:&'()- :
t,'10%H(H&'()- :&t't(ttuvv[wbA410G(G) s 9#10%$&'()-M 9#10%$&'()-M
-#10%$&'()-s ^-#10%$&'()-s !10%$&'()-10G(G10G(G[wwxzybzr{||[:A410G(G)
`)3#10%`$`&'()-M `3#10%`$`&'()-M #3#10%$&'()-M `3#10%`$`&'()-M
,3#10%$&'()-M d3#10%d$d&'()-M|y|}}}}}}@~vU410 l "10%%&'()-M l
"10%%&'()-M101010 `=f10%&'()- #,5#10%$&'()-` `,5#10%`$`&'()-`@~~!]a|[:vU410
Q?#10%e%e&'()-Z" #10%&'()-Z" L#10%`%`&'()-Z" #10%%&'()-F  H#10%\%\&'()-F
0#10%%&'()-F aSXY{Z9,410% 9<10%%&'()-3" #10%%&'()-Z""
QC#10%e%e&'()-Z""!`$#10%tOtO&'()-Z" t#10%%&'()-Z" #10%%&'()-Z"YZ[dQbA410%
49l#10%!$!&'()- -#10%m$m&'()-  !10%m$m&'()- ,s10%m$m&'()-
910%m$m&'()-10%10%u|[:A410%  :#10%m$m&'()- $10%m$m&'()- `.$10%M$M&'()-
($10%m$m&'()- `$10%MM&'()- 9G9l#10%&$&&'()-WvU410 !10%%&'()-   F10%%&'()-
L10%%&'()- !10%%&'()-`10m#m10m#m10m#m `<y10%m#m&'()-FoL|[:vU410  !10%%&'()-
!10%%&'()- 



10%%&'()-  S10%%&'()-  !10%%&'()-  !10%%&'()- L)x|[:vU410  @,10%%&'()- *
10%%&'()-  (#10%%&'()-  !!10%%&'()-M  $10%#&'()-  `!10%%&'()-CB|[:vU410
L6#10%`%`&'()-S 510%%&'()-  `3 10%%&'()- 1#10%%&'()-  /!10%%&'()-
-!10%%&'()- 489:;OvU410 0F&&10%)&'()-2 &&10%j)j&'()-2
+&&10%)&'()-210%10%10% s<F10%%&'()- 6#10%%&'()-SO<hA|[:vU410 0
+3&&10%)&'()-2 0H&&10%)&'()-2+ 03&&10%)&'()-2 0L&&10%)&'()-2 v&&10%  &'()-2
0H&&10%)&'()-2A?vU410 X#10%&&'()-% l %10%e&e&'()-Z  l %10%\&\&'()-Z
10)10)10) ` =Y10%)&'()- l3:(10%)&'()-?%vz{|[:-4107  L=10%7 &'()-G
#10%#&'()-% 3#10%&&'()-% 3#10%&&'()-% F#10%&&'()-% #10%&&'()-%{|}vi\;7
M10%m$m&'()-10#1010 { <:10%&'()- `Y&10%$&'()-   M`Y&10%!&'()-  107 107
^\|[:vi\;7  !10%m$m&'()-  ,10%m$m&'()-  10%m$m&'()-  #10%m$m&'()-
10%m$m&'()- ,3 t10%m$m&'()- \svOw|[:vi\;7  fl10%m$m&'()-  ,t10%m$m&'()-
10%m$m&'()- ,910%m$m&'()- &10%m$m&'()- 10%m$m&'()-wM.|[:vi\;7
,)t10%m$m&'()- '10%m$m&'()-  ,&10%m$m&'()-  "10%m$m&'()-   !10%m$m&'()-  &
#10%m$m&'()-.}/||[:vi\;7  ,5g10%m$m&'()-  f210%m$m&'()-  &0#10%m$m&'()-
,.10%m$m&'()- &-m10%m$m&'()- Y+!10%m$m&'()- |NnvU4; ,m 10%m$m&'()- 



10%m$m&'()-10m$m10m$m10m$m ;310%m$m&'()- &`9S10%m$m&'()-
@7s10%m$m&'()-n<|[:vU4;  &l10%m$m&'()-  !10%m$m&'()- ,t10%m$m&'()-
s10%m$m&'()-  #10%m$m&'()- 10%m$m&'()- CU|[:vU4;  `$!10%m$m&'()-
,"t10%m$m&'()-  & 10%m$m&'()- S!10%m$m&'()-  !10%m$m&'()-
,t10%m$m&'()-Jj|[:vU4;  0#10%m$m&'()-  ,.t10%m$m&'()-  F+10%m$m&'()-
)!10%m$m&'()-  '#10%m$m&'()- &!10%m$m&'()- j"mqrst|[NA4;10m$m10m$m10m$m
;310%m$m&'()- &L9#10%m$m&'()-  5f10%m$m&'()-  4!10%m$m&'()-  S2!10%m$m&'()-
t \|[:NA4;10 Y10%$&'()- !10%$&'()-  n@!10%$&'()- hs-#10%$&'()- 3 !10%$&'()-
!10%$&'()-R|[:NA4;10 s$!10%$&'()-  ,"t10%$&'()-  '10%$&'()- 3#10%$&'()-
!10%&'()- i!10%$&'()-=4`|[:NA4;10 010%$&'()- .!10%$&'()- ,&-`10%$&'()-
)10%$&'()- '#10%$&'()- ,&!10%$&'()-`>AEFGHvU4; y10%m$m&'()-
,`10%m$m&'()-10$10$10$ s;310%$&'()- 910%$&'()- [ 4!10%$&'()-=(G|[:vU4;
10%m$m&'()- @!10%m$m&'()- 10%m$m&'()- s 10%m$m&'()-  !10%m$m&'()- 3
10%m$m&'()- G|[:vU4;  ,"`10%m$m&'()- @#10%m$m&'()- 10%m$m&'()- 10%m$m&'()-
910%m$m&'()- y#10%m$m&'()- 36~|[:vU4;  &-10%m$m&'()-  Y+!10%m$m&'()-
,)`10%m$m&'()- '10%m$m&'()- ,&10%m$m&'()- s$!10%m$m&'()-2>Q|[:vU4;
s9Y10%m$m&'()- ,7t10%m$m&'()-  5  10%m$m&'()-  4!10%m$m&'()-
,f2t10%m$m&'()-  0 



10%m$m&'()-QUVWXCvU4;  #10%Z$Z&'()-  !10%Z$Z&'()-    !10%Z$Z&'()-
@fs10%Z$Z&'()- 10m$m10m$m10m$m s;F10%m$m&'()-;u|[:vU4;  &F10%Z$Z&'()-
9Y#10%Z$Z&'()-  @`10%Z$Z&'()- 10%Z$Z&'()-  ,!10%Z$Z&'()-  s!10%Z$Z&'()-
ZU|[:vU4;  "10%Z$Z&'()-   !10%Z$Z&'()-  9 #10%Z$Z&'()- fF10%Z$Z&'()-
!10%Z$Z&'()-  Ss10%Z$Z&'()-'cN|[:vU4;  .!10%Z$Z&'()-  -!10%Z$Z&'()-
SF+s10%Z$Z&'()-  &'10%Z$Z&'()-  &!10%Z$Z&'()-  S`$s10%Z$Z&'()-NG |[:vU4;
9L9#10%Z$Z&'()-  S7`10%Z$Z&'()-  510%Z$Z&'()-  4!10%Z$Z&'()-
S2!10%Z$Z&'()-  &0#10%Z$Z&'()-  *uvU4; 310%G$G&'()-   !10%G$G&'()-
Sfs10%G$G&'()-  10%G$G&'()- 10Z$Z10Z$Z10Z$Z ;G10%Z$Z&'()-"wE|[:vU4;
9Yg#10%G$G&'()-  !10%G$G&'()- Ss10%G$G&'()-  ,10%G$G&'()-  `!10%G$G&'()-
#10%G$G&'()- :|[:vU4;  9'z10%G$G&'()-  !10%G$G&'()- 9 #10%G$G&'()-
f!10%G$G&'()- 



!10%G$G&'()-  S 10%G'$G&'()-\o/x|[:vU4;  fS2`10%G$G&'()-  90'10%G$G&'()-
.!10%G$G&'()-  f-`10%G$G&'()- Y+F10%G$G&'()- S)10%G$G&'()- xI|[NA4;
10G$G10G$G10G$G ;G10%G$G&'()- 9L9#10%G$G&'()-  f7`10%G$G&'()-  510%G$G&'()-
4!10%G$G&'()- 0|[:NA4;10 Sss10%Z$Z&'()-   t10%Z$Z&'()- 310%Z$Z&'()-  3
!10%Z$Z&'()-  Sys10%Z$Z&'()-  Z10%Z$Z&'()- H;|[:NA4;10 !10%Z$Z&'()-
&!10%Z$Z&'()-  9l#10%Z$Z&'()-  !10%Z$Z&'()-  !10%Z$Z&'()- ,!10%Z$Z&'()-
,7|[:NA4;10 `$10%Z$Z&'()- "!10%Z$Z&'()-  @ 10%Z$Z&'()- 9 10%Z$Z&'()-
@f10%Z$Z&'()-  10%Z$Z&'()-I\|[:NA4;10 S.s10%Z$Z&'()- -10%Z$Z&'()-
@Y+10%Z$Z&'()- )10%Z$Z&'()- &'#10%Z$Z&'()- @&10%Z$Z&'()- #j|[:-410Z$Z
;310%Z$Z&'()- &`910%Z$Z&'()- 7!10%Z$Z&'()-  @5s10%Z$Z&'()- f2 10%Z$Z&'()-
&0#10%Z$Z&'()- '{mbA410Z$Z  !10%$&'()-  s -#10%$&'()-  !10%$&'()- F
!10%$&'()-  ,y10%$&'()- 10Z$Z10Z$Zm C|[:A410Z$Z L10%$&'()- 



,910%$&'()-  -10%$&'()- 10%$&'()-  ,10%$&'()- S910%$&'()-&yU|[:A410Z$Z
,&!10%$&'()-  s$!10%$&'()-  ,"10%$&'()-  FY10%$&'()- y!10%$&'()-
,10%$&'()-HhM|[:A410Z$Z 0#10%$&'()-  ,.10%$&'()- ,&-10%$&'()-  l+910%$&'()-
)!10%$&'()-  '#10%$&'()-M|_|[:-410$ s<F10%$&'()- s9#10%$&'()- ,710%$&'()-
5L10%$&'()-  ,3410%$&'()-  y2&10%$&'()- ?bA410$  ,10%m$m&'()-  s 3
10%m$m&'()- !10%m$m&'()-  3 10%m$m&'()-  10%m$m&'()-10$10$Lz}|bA410$
,10%m$m&'()-  s 3 10%m$m& s;F10%m$m&'()- 10%m$m&'()- 10%m$m&'()-
!10%m$m&'()- Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading
43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading
93]c"A "Default Paragraph Font2)!>*19BKMU^gov%|Jp"1'h
(Q2:CLU^enw}t+1o~@-r&/7@NIvQYai4sN{"0o',| s*3;=FOX`h'qzZ:|sGW
"$&(*,.02468:<>@BDFHJLNPRTVXZ\^`bdfhjlnprtvxz|~!:-CO]0l~~K-p :
^3@]o{'m#.:kG\Fm3zpq:M
1?K_}}tchijklmnopqrstuvwxyz{|}~6.w[~!%$%'i)+=-/`346<>B?DEG[KPMNQbTYWX.[J]_a
dgikor(scux{|~&Fe5^iq1]g+v!!!*% ( :L
#&&*o,0^3P56Z9w=>@C7EfH@NQV%Y\^Ibegikun~pqtwyz }e9'<qgz(U| AE\&s&*$z,;Hp pp
'02N,!Y#&'m)+,.024J6X9:r=?BCoEGsJLPQSV.\]#aqbdgPkFmfo7qct3vxK{}d~I\( d 



Y1>pI*Ne-hzr7]8l=[T5"#v&)n-0368:=D?@CEHIKNxQRY\y^_acdfk%o&t[w|@~aYLOA?{\w.|
njt`GQN xmM   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;<=>?@ABCDEFGHIJKLMNO6Times New RomanArialCourier
New"h Root EntryWordDocument   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ 


