
; e3eDAD~68TwE@Voltage Measuring Method, Electrical Test Method and
Apparatus) Semiconductor Device manufacturing Method and Device Substrate
Manufacturing Method BACKGROUND OF THE INVENTION *159159" 5 l.Technical
Field of the Invention ~a~2" The present invention relates to a voltage
measuring method for reading a value of a voltage applied to a pixel
electrode by operating each of the pixels possessed by a semiconductor
device) and to a method for conducting a test as to whether a pixel region
normally operates or not by using the voltage measuring 10 method.
Particularly, the invention relates to a non-contact voltage measuring
method and electrical test method, and non-contact electrical test
apparatus using the same. The invention also relates to a manufacturing
method for a semiconductor device including a test process using the test
method) and to a semiconductor device manufactured by the use of the
semiconductor device 15 manufacturing method. Furthermore, the invention
relates CO a manfacturing i method for a device substrate including a test
process by using the test method. Meanwhile) the invention relates, in an
OLED panel having an organic light emitting device (OLED) sealed between
the substrate and a cover member, to a voltage measuring method for reading
a value of a voltage applied to the pixel 20 electrode by-operating the
pixel prior to forming OLEDs) and to a method for testing as to whether the
pixel region normally operates or not by using the voltage measuring
method. Particularly) the invention relates to a noncontact electric test
method and to a noncontact electric test apparatus using the same. In the
description, the OLED panel mounted with an IC or the like including 1   a
controller is referred to as an OLED module. Meanwhile) the OLED panel and
the OLED module are referred collectively to as a light-emitting device.
2.Description of the Related Art Recently) the technology for forming TFTs
on a substrate has markedly 5 advanced. The development has been proceeded
for the application to the active matrix electronic display. Particularly)
the TFT using a polysilicon film has a high field-effect mobility (called
also mobility) than that of the TFT using an amorphous silicon film) hence
enabling high-speed operation. Consequently, the control of pixels,
conventionally done by a drive circuit provided outside the substrate, can
be 10 made on a drive circuit formed on the same substrate as the pixels.
With such an active-matrix electronic display, various merits are available
including manufacture cost reduction, electronic display size reduction,
yield improvement and throughput reduction by fabricating various circuits
and elements on the same substrate. 15 Of among the electronic displays,
studies have actively made on the active matrix light-emitting device
having light-emitting elements of OLEDs. The OLED) spontaneous to emit
light) is high in visibility) optimal in thickness reduction because of not
requiring a backlight as required in the liquid crystal display (LCD) ) and
limitless in its viewing angle. Consequently) the light-emitting 



20 devices using OLEDs has drawn attentions as display devices replacing
the CRTs and LCDs. The OlED has a layer containing an organic compound
(organic light emitting material) to obtain electroluminescence caused by
applying an electric field (hereinafter) described as organic
light-emitting layer), an anode layer and a cathode 25 layer. In the
description) every layer provided between the anode and the cathode 2   of
an OLED is defined as an organic light-emitting layer. The organic
light-emitting layer includes, concretely, a light-emitting layer) a hole
injection layer) an electron injection layer) a hole transport layer and an
electron transport layer. The electroluminescence on organic compound
includes light emission (fluorescence) 5 of upon returning from a ringlet
excitation state to the ground state and light emission (phosphorescence)
of upon returning from a triplet excitation state to the ground state. The
organic light-emitting layer acceleratedly deteriorates due to heat) light)
moisture) oxygen and the like. In manufacturing an active-matrix light
emitting 10 device, generally OLEDs are formed after forming
interconnections and TFTs in a pixel region at comparatively high process
temperature in the manufacturing process. After forming the OLEDs) the
substrate having the OLEDs (OLED panel) and a cover member are bonded
together in a manner not to expose the OLEDs to the 15 outside air and then
sealed (packaged) by a seal member or the like. After enhancing hermetical
sealability by a process of packaging or the like) a connector (FPC, TAB or
the like) is attached to allow the connection of between the terminal
extended from the elements or circuits formed on the: substrate and an
external signal terminal. Thus, an active-matrix light-emitting device is
20 completed. In the active-matrix light-emitting device, the voltage
applied from a pair of electrodes of the OLED to the organic light-emitting
layer is controlled by the TFT provided on each pixel. Consequently, when
there is a point a certain trouble occurs (faulty point) ) e.g. the TFT
possessed by the pixel region does not function 25 as a switch element or
the interconnection is disconnectecl or shortcircuited  a predetermined
voltage cannot be applied to the organic light-emitting layer 3   possessed
by the OLED. In such a case, the pixel cannot make display at a desired
tonal level. In the active-matrix liquid crystal display placed under mass
production prior to the active-matrix light-emitting device,
interconnections and TFTs.are formed 5 in a pixel region before completing
a liquid crystal display by filling a liquid crystal between a panel having
a pixel region (liquid crystal panel) and a substrate having a counter
electrode. Thereafter, charge is stored on the capacitor possessed by each
pixel. By measuring the amount of charge on a pixel-by-pixel basis, a test
is conducted as to whether there is a defect in the pixel region or not. 10
However) the light-emitting device) in many cases) has two or more TFTs cm
each pixel. There is a case that one of the electrodes of the OLED (pixel
electrode) and the capacitor are connected together through the TFT. In
this case) even by measuring the amount of the charge stored on the
capacitor) it is difficult to test whether or not there is a defect in the
interconnections between the capacitors and 15 pixel electrodes and in all
the TFTs. Meanwhile) when the OLED panel before attached with a connector
is tested for electric operation) there is a need to use a fine pin (probe)
on the terminal or interconnection of the OLED panel in order to flow
current or apply voltage. However, the direct use of a probe on the
interconnection or terminal might cause 20 a flaw on the interconnection or
terminal to produce fine dust. The dust caused in the test process
unfavorably forms a cause to lower the yield in the subseduent processes.
The actual display made on a completed light-emitting device makes it
possible to confirm whether there is a defect or not. However) there is a
necessity) for even 25 an OLED panel actually not provided as a product) to
complete as a light-emitting device by forming OLEDs, packaging and
attaching connectors in order to 4  



discriminate it from the normal product. In the case the OLED panel is
defective) it is impossible to suppress time and cost because of the
wastefulness in the OLED forming process) packaging process and connector
attaching process. Meanwhile) where a multi-dividable substrate is used to
form OLED panels, the process of 5 packaging and attaching connectors is
wasteful) thus similarly making impossible to suppress time and cost. In
view of the foregoing problem, it is a problem of the present invention to
establish an electric test method (hereinafter, merely test method) capable
of confirming as to whether there is a trouble generated on an
interconnection or TFT 10 in a pixel region before completing a
light-emitting device, toward the mass production of active-matrix
light-emitting devices) and to provide an electric test apparatus
(hereinafter, merely test apparatus) using the test method. Furthermore,_
it is a problem to establish a simpler test method in a manufacturing
process for a light-emitting device without the necessity to use a probe cm
an interconnection or 15 terminal, and to provide a test apparatus using
the test method. Furthermore, it is a problem to provide a method for
manufacturing a semiconductor device by using the electric test method, and
a semiconductor device manufactured by using the manufacturing method. The
present inventor has Considered that) by the use of electromagnetic 20
induction, voltage is to be applied, without contact) to the
interconnection possessed by a pixel region of a substrate forming TFTs and
pixel electrodes (hereinafter referred to as device-substrate) without the
use of a probe thereon. By applying a voltage to the interconnection, each
pixel is operated to apply voltage to the pixel electrode. 25 In the
description) to operate a pixel means to apply a voltage to an element or
interconnection possessed by the pixel) i.e. to control the voltage on the
pixel 5   electrode. The voltage applied to the pixel electrode is read 11l
value) without contact) by the use of electrostatic induction From the read
value, It is possible to determine an operating state and furthermore a
normality/abnormality of each pixel) in other 5 words, whether each pixel
normally operates or not. In the description) the pixel a voltage can be
desirably applied to the pixel electrode thereof is determined normal.
Conversely) the pixel a voltage cannot be desirably applied to the pixel
electrode is determined abnormal. Specifically, there include the following
two schemes) which one may be 10 used. In the first scheme, separately
prepared is a testing substrate with which the device substrate is to be
tested. The testing substrate has a primary coil while the device substrate
as a subject-of test has a secondary call. Each of the primary and
secondary coils can he formed by patterning a 15 conductiye film formed on
the substrate. In the invention, the primary and secondary coils use coils
without a magnetic member at a center thereof instead of coils having a
magnetic member at the center to provide a magnetic path. The' primary coil
possessed by the testing substrate and the secondary coil possessed by the
device substrate are superposed together through a constant 20 spacing. By
applying an alternating current voltage to between two terminals possessed
by the primary coil) an electromagnetic force is caused between two
terminals possessed by the secondary oil. The spacing is desirably smaller.
The primary coil and the secondary coil are as near as possible as long as
the spacing is to be controlled. 25 In the description) voltage is applied
to a coil means that the voltage is applied to between the terminals of the
coil. In the description) signal is applied to a call 6   means that the
voltage of the signal is applied to the two terminals possessed by the a
coil. The alternating current voltage caused as an electromagnetic force em
the secondary coil is rectified on the device substrate and then
smoothened. This is 



S used as a direct current voltage to operate the drive circuit or pixel
possessed by the device substrate (hereinafter, referred to as power
voltage). Meanwhile, the waveform of the alternating current voltage caused
as an electromotive force em the secondary coil is shaped into a desired
form by a waveform shaper circuit or the like. This is used as a signal
having a voltage to operate the: drive circuit or pixel 1 10 possessed by
the device substrate (hereinafter) referred to as drive signal). The
alternating current voltage generated on the secondary coil may he Used as
it is as a drive signal without shaping its wavefrom 111 the wavefrom
shaper circuit The voltage or power voltage of a generated drive signal is
Supplied to the drive circuit or pixel formed on the device substrate. By
supplying the drive-signal 15 voltage or power voltage) the drive circuit
or pixel makes certain operation. The drive-signal voltage or power voltage
is determined in its value such that, where the drive circuit or pixel is
normal) the voltage applied to the pixel electrode possessed by the pixel
is given an alternating current voltage. By supplying a drive-signal
voltage or power voltage ) the voltage applied to the 20 pixel electrode is
influenced in its value depending upon an operating state of the drive
circuit or pixel. The drive-signal voltage or power-voltage may be supplied
curly to the pixels formed on the device substrate. In this case) by
supplying a drive-signal voltage or power voltage) the voltage applied to
the pixel electrode: is influenced in its value 25 depending upon an
operating state of the pixel. The electrode (testing electrode) for
reading) without contact a voltage 7   generated on the pixel electrode is
superposed with the pixel electrode through a constant spacing. The spacing
is preferably smaller. The pixel electrode and the testing electrode are
preferably as near as possible as long as the spacing is to he controlled.
The testing substrate may have a testing electrode. 5 The voltage generated
on the testing electrode due to electrostatic induction is influenced by a
value of the voltage applied to the pixel electrode. Accordingly) a voltage
being applied to the pixell electrode can he calculated from a voltage
generated on the testing electrode. As a result, the value of a voltage
applied to the pixel electrode fan be read out) without contact.
Furthermore, by using the voltage 10 generated on the testing electrode)
the operating state of a pixel can be grasped. It is possible to confirm an
operating state thereof and determine a normality/abnormality. In the
second scheme) separately prepared are a testing substrate (first testing
substrate) to apply) without contact) a voltage to the interconnection
possessed by 15 the pixel region of the device substrate and a testing
substrate (second testing substrate) to read, without contact, a value of
the voltage applied to the pixel electrode by using electrostatic
induction. The first testing substrate has a primary coil while the device
substrate as a subject-of test has a secondary coil. 20 The primary and
secondary coils each can be formed by patterning a conductive film formed
on a insulation film. In the invention, the primary and secondary coils use
coils not having a magnetic member at a center instead of coils having a
magnetic member at the center to provide a magnetic path. The primary coil
possessed by the first testing substrate and the secondary coil 25
possessed by the device substrate are superposed together through a
constant spacing. By applying an alternating current voltage to between the
two terminals 8  



possessed by the primary coil, an electromotive force is caused at between
the two terminals possessed by the secondary coil. The spacing is
preferably smaller. The primary coil and the secondary coil arc preferably
as near as possible as long as the spacing is to he controlled. 5 In the
description) voltage is applied to a coil means that the voltage is applied
to between the terminals of the coil. In the description) signal is applied
to a coil means that the voltage of the signal is applied to the two
terminals possessed by the coil. The altercating current voltage caused as
an electromagnetic force cm the 10 secondary coil is rectified in the
device substrate and then smoothened. This is used as a power voltage to
operate the drive circuit or pixel possessed by the device substrate.
Meanwhile, the waveform of the alternating current voltage caused as an
electromotive force on the secondary coil is shaped into a desired form by
a waveform shaper circuit or the like. This is used as a dime signal having
a voltage 15 to operate the drive circuit or pixel possessed by the device
substrate. The alternating current voltage generated on the secondary coil
may he used as it is as a drive signal without shaping the waveform in the
waveform shaper circuit. The voltage or power voltage of a generated drive
signal is supplied to the drive circuit or pixel formed on the device
substrate. By supplying the drive-signal 20 voltage or power voltage) the
drive circuit or pixel makes certain operation. The drive-signal voltage or
power voltage is determined in its value such that, where the drive circuit
or pixel is normal, the vet-tape applied to the pixel electrode possessed
by the pixel is given an alternating current voltage. By supplying a
drive-signal voltage or power voltage, the voltage applied to the 25 pixel
electrode is influenced in its value depending upon an operating state of
the drive circuit or pixel. 9   The drive-signal voltage or power voltage
may be supplied only to the pixels possessed by the device substrate. In
this case, by supplying a drive-signal voltage or power voltage, the
voltage applied to the pixel electrode is influenced in its value depending
upon an operating state of the pixel. 5 On the other hand, the second
testing substrate has an electrode (testing electrode) for reading) without
contact a voltage generated on the pixel electrode. The testing electrode
Ls superposed with the pixel electrode a through a constant spacing. The
spacing is desirably smaller. The pixel electrode and the testing electrode
are preferably as near as possible as long as the spacing is to be 10
controlled. The active-matrix semiconductor device has a plurality of pixel
electrodes arranged in a matrix form in the pixel region. In the invention)
by changing the position of the second testing substrate relatively to the
device substrate) one or a plurality of pixel electrodes superposed with
one testing electrode is changed in 15 position in plurality of times.
Specifically) by rotating the testing electrode on a plane parallel with
the device substrate, it is possible to change the position of the pixel
electrodes superposed with the testing electrode. Each time) monitored is a
value of the voltage generated on the testing electrode. The voltage
generated on the testing substrate due to electrostatic induction 20 has as
the information an operating state of the pixel) and influenced by a value
of 



the voltage applied to the pixel electrode being superposed with the
testing electrode. Then) stored are values of the voltage generated on the
testing electrode obtained through monitoring in plurality of times) and
positional data of one or a 25 plurality of pixel electrodes superposed
with the testing electrode upon monitoring. By the use of restoring
algorithm (e.g. Fourier transformation method) for restoring 10   a
two-dimensional distribution from one-dimensional data used in CT (computed
tomography), it is possible to obtain a relative value of a voltage being
applied to the pixels from the stored data. Namely, it can be resultingly
considered possible to read) without contact, a value of the voltage being
applied to the pixel electrodes. 5 From the relative value of the voltage
being applied to the pixels, it is possible to determine an operating state
of each pixel. From the operating state) nonnality/abnormality can he
determined. The restoring algorithm includes, representatively) a Fourier
transformation method using uccessive approximation and projection section
theorem, and a 10 superposition integration method. The invention may use a
restoring algorithm of other than these. Note that) in the first or second
scheme) pixel operating state may he screened into a plurality of ranks.
depending on an operating state, instead of selection into the two of
normality and abnormality at all times. 15 Meanwhile, in the first and
second schemes, in the case that the drive circuit has a defect but the
pixel does not have a defect) varied is a value of the voltane to be
applied to the pixel electrode. Accordingly, the drive circuit can also be
determiried for its normality/ahnormality. In the semiconductor device
using the test method of the invention, the 20 transistor used in the pixel
may be a transistor formed using single-crystal silicon, or a thin-film
transistor using polysilicon or amorphous silicon. Otherwise, it may be a
transistor using an organic semiconductor. It is possible for a
practitioner to properly determine a criterion whether a pixel is
considered not in a normal operation depending upon about what ciegree an
25 operating state of the pixel differs from an operating state of the
normal pixel. The invention, by the above structure, can detect a defective
point and   determine a normality/abnormality of a pixel without the use of
a probe directly cm the interconnection. It is accordingly possible to
prevent against the yield lowering in the following processes due to the
fine dust caused lipl)11 LlSlIlg a probe. Furthermore, because the
n<>rmality/abnormality in every pattern fornung process 5 can be determined
by one test process, the test process can ht simplifies. The invention is
applicable not only to a light-emitting device but also to a liquid crystal
display or other semiconductor devices. Now) the structure of the invention
will be explained. The pres~nt invention concerns a method of measuring a
voltage 10 comprising: applying) without contact) a voltage to an
interconnection or circuit element possessed by a pixel to thereby apply a
voltage to a pixel electrode possessed by the pixel; and reading, without
contact, the voltage applied to the pixel electrode. 15 The present
invention concerns a method of mvasunng a voltage comprising: 



applying) without contact) a voltage to interconnections or circmt elements
res ectivel assessed b a lurali of ixels to thereb a 1 voltages to ixel P Y
p Y P tY P Y PP Y b p electrodes respectively possessed~by the pixels; and
20 reading) without contact, a sum of the voltages applied to the pixel
electrodes respectively possessed by the pixels. The invention concerns a
method of measuring a voltage comprising: applying a first alternating
current voltage to between two ternunals possessed by a first coil; 25
superposing the first coil and a second coil together through a constant
spacing; 12   applying a third alternating current voltage to a pixel
electrode possessed by a pixel by using a secomi alternating current
voftag~ gene rated between two terminals possessed by the second coil;
superposing the pixel electrode and the testing electrode together thre>tyh
a 5 constant spacing; and calculating the voltage applied to the pixel
electrode from a fourth alternating current voltage generatecl on the
testing electrode. The invention concerns a method of measuring a voltage
comprising: applying a`ffirst alternating current voltage to between two
terminals possessed 10 by a first coil; superposing the first coil and a
second coil together through a constant spacing; rectifying or
waveform-shaping a second alternatzn~; current voltage caused between two
terminals possessed by the second coil and applying it to an 15
interconnection or circuit element possessed by a pixel) to therehy
applying a third alternating current voltage to a pixel electrode possessed
by the pixel; superposing the pixel electrode and a testing electrode
together through a constant spacing; and calculating the voltage applied to
the pixel electrode from a fourth alternating 20 current voltage generated
on the testing electrode. The invention concerns a method of measuring a
voltage comprising: _ . applying a first alternating current voltage to
between two terminals possessed by a first coil; superposing the first coil
and a second coil together through a constant 25 spacing; applying a third
alternating current voltage to pixel electrodes respectively 13   possesses
by a plurality of pixels by using a second alternatinri current voltahe
caused between two terminals possessed by the second coil; 



superposing the pixel electrodes possessecl by the pixels and th a testuy
electrode together through a constant spacing; and 5 calculating a sum of
voltages applied to the pixel electrodes respectively possessed by the
pixels from a fourth alternating current voltage generated cm the testing
electrode. The invention concerns a method of measuring a voltage
comprising: applying ~ first alternating current voltage to between two
terminals possessed 10 by a first coil; superposing the first coil and a
second coil together through a constant spacing; rectifying or
waveform-shaping a second alternating current voltage caused between two
terminals possessed by the second coil and applying it to 15
interconnections or circuit elements respectively possessed by a plurality
of pixels, to thereby applying a third alternating current voltage to pixel
electrocles respectively possessed by the pixels; superposing the pixel
electrodes respectively possessed by the pixels and a testing electrode
together through a constant spacing; and 20 calculating a sum of the
voltages applied to the pixel electrodes respectively possessed by the
pixels from a fourth alternating current voltage generated on the testing
electrode. In the invention) the first coil and the second coil may have
interconnections formed on a same plane and each of the interconncctmns is
in a vortex form. 25 In the invention) the first coil and the testing
electrode: may be formed on a first insulation surface, 14   the second
coil and the pixel electrode being formed en a second insulation surface.
In the invention, a spacing between the first insulation surface and the
second insulation surface may be controlled by flowing a fluid hetween the
first insulation 5 surface and the second insulation surface. In the
invention) the pixel may be determined for a normalityiabnormality by using
a voltage applied to the pixel electrode obtained using the voltage
measuruy method or a sum thereof. The invention concerns an apparatus for
electrically testing pixels possessed 10 by a semiconductor device) the
electrical test apparatus ccnnprising: a primary coil; means for
superposing the primary coil and a secondary coil possessed by the
semiconductor device ta~;ether through a constant spacing; means for
superposing a pixel electrode possessed by the pixel and a testing 15
electrode together through a constant spacing; means for applying an
alternating current voltage to between two ternunals possessed by the
primary coil; and i 



means for confirming an operating state of the pixel from an alternating
current voltage generated on the testing electrode. 20 The invention
concerns an apparatus for electrically testing pixels possessed by a
semiconductor device) the electric test apparatus comprising: a primary
coil; means for superposing the primary coil and a secondary coil possessed
by the semiconductor device together through a constant spacing; 25 means
for superposing a pixel electrode possessed by the pixel and a testing
electrode together through a constant spacing; 15   means for applying an
alternating current voltage to between two terminals possessed by the
priman~ coil; and means for confirming an operating state of the pmel from
an alternating current voltage generated cm the testing electrode; 5
whereby the alternating current voltage generated on the testing electrode
has) as information) an operating state of the pixel. In the invention, the
spacing between the primary coil and the secondary coil may be controlled
by flowing a fluid between the primary coil and the secondary CoII. 10 In
the invention, the first coil may have an interconnection formed on a same
plane and the interconnection be in a vortex form. The invention concerns a
method for manufacturing a semiconductor device comprising: forming a pixel
electrode and an interconnection or circuit element; 15 applying, without
contact) a voltage to the interconnection or circuit element to thereby
applying a voltage to the pixel electrode; and reading, without contact,
the voltage applied to the pixel electrode. The invention concerns a method
for manufacturing a semiconductor device comprising: 20 forming a pixel
electrode, an interconnection or circuit element, a first coil and a second
coil; applying a first alternating current voltage to between two terminals
possessed by the first coil; superposing the first coil and the second coil
together through a constant 25 spacing; applying a third alternating
current voltage to the pixel electrode by using a 16   second alternating
current voltage caused between two terminals possessed by the second coil;
superposing the pixel electrode and a testing electrocie together through a
constant spacing; and 



5 calculating the voltage applied to the pixel electrode from a fourth
alternating current voltage generated on the testing electrode. The
invention concerns a method for manufacturing a Se1111CO11dr1CtOr dCVIC~
comprising: forming a pixel electrode) an interconnection or circuit
element) a first coil and 10 a second coil; applying a first alternating
current voltage to between two terminals possessed by the first coil;
superposing the first coil and the second coil together through a constant
spacing; 15 rectifying or wavetorm-shaping a second alternating current
voltage caused between two terminals possessed by the second coil and
applying it to an interconnection or circuit element, to thereby applying a
third alternating current voltage to the pixel electrode; superposing the
pixel electrode and a testing electrode together through a 20 constant
spacing; and calculating the voltage applied to the pixel electrode from a
fourth alternating current voltage generated on the testing electrode. The
invention concerns a method of measuring a voltage comprising: applying a
voltage to an interconnection or circuit element for controlling a 25
voltage to be applied to a plurality of pixel electrodes; moving a testing
electrode while being superposed with an arbitrary part or all 17   of the
pixel electrodes through a spacing; and calculating a voltage applied to
each of the pixel electrodes from a voltage on the testing electrode and a
position of the testing electrode relatme to the pixel electrodes. S The
invention concerns a method of measuring a Voltage compnsuig: applying)
without contact) a voltage to an interconnection or circuit element for
controlling a voltage to be applieci to a plurality of pixel electrodes;
moving a testing electrode while being superposed with an arbitrary part or
all of the pixel electrodes through a spacing; and 10 calculating a voltage
applied to each of the pixel electrodes from a voltage on the testing
electrode and a position of the testing electrode relative to the pixel
electrodes. The invention concerns a method of measuring a voltage
comprising: applying a first alternating current voltage to between two
terminals possessed 15 by a firsts coil; superposing the first coil and a
second coil together through a spacing; ap~;lying a second alternating
current voltage caused between two terminals possessed by the second coil
to an interconnection or circuit element for controlling a voltage to be
applied to a plurality of pixel electrodes; 20 moving a testing electrode
while being superposed with an arbitrary part or all of the pixel
electrodes through a spacing; and calculating a voltage applied to each of
the pixel electrodes from a third alternating current voltage generated on
the testing electrode and a position of the 



testing electrode relative to the pixel electrodes. 25 The invention
concerns a method of measuring a voltage comprising: applying a first
alternating current voltage to between two terminals possessed 18   by a
first coil; superposing the first coil and a second coil together through a
spacing; rectifying or waveform-shaping a second alternating current
voltage caused between two terminals possessed by the second coil and
applying ~t to an 5 interconnection or circuit clement for controlling a
voltage to be applied to a plurality of pixel electrodes; moving a testing
electrode while being superposed with an arbitrary part or all of the pixel
electrodes through a spacing; and calculating a voltage applied to each of
the pixel electrodes from a third 10 alternating current voltage generated
on the testing electrode and a position of the testing electrode relative
to the pixel electrodes. In the invention) the first coil and the second
coil may have interconnections formed on a same plane and the
interconnections be in a vortex form. In the invention) the spacing between
the first coil and the second coil may be 15 controlled by fIoWlIlg a fluid
between the first coil and CLlc second coil. In the invention) the voltage
on each of the pixel electrodes may be calculated using a ~~ourier
transformation method using successive approximation and projectioil
section theorem or a superposition integration method. The invention
concerns an: electrical test method comprising: 20 applying a voltage to an
interconnection or circuit element for controlling a voltage to be applied
to a plurality of pixel electrodes; moving a testing electrode while being
superposed with an arbitrary part or all of the pixel electrodes through a
spacing; and confirming an operating state of the interconnection or
circuit element from 25 a voltage on the testing electrode and a position
of the testing electrode relative to the pixel electrodes. 19   The
invention concerns an electrical test method comprising: applying) without
contact) a voltage to an interconnection or circuit element for controlling
a voltage to be applied to a plurality of pixel electrodes; moving a
testing electrode while being superposed with an arbitrary part or all 5 of
the pixel electrodes through a spacing; and confirming an operating state
of the interconnection or circuit element from a voltage on the testing
electrode and a position of the testing electrode relative to the pixel
electrodes. The inver~tion concerns an electrical test method comprising:
10 applying a voltage to an interconnection or circuit element for
controlling a 



voltage to be applied to a plurality of pixel electrodes; moving a testing
electrode while being superposed with an arbitrary part or all of the pixel
electrodes through a spacing; and determining a distribution of a voltage
to be applied t~ the pixel electrodes 15 from a voltage on the testing
electrode and a position of the testing electrode relative to the pixel
electrodes. The invention concerns an electrical test method comprising:
applying, without contact) a voltage to an interconnection or circuit
element for controlling a voltage to be aiiplied to a plurality of pixel
electrodes; 20 moving a testing electrocle while being superposed with an
arbitrary part or all of the pixel electrodes through a spacing; and
determining a distribution of a voltage to be applied to the pixel
electrodes from a voltage on the testing electrode and a position of the
testing electrode relative to the pixel electrodes. 25 The invention
concerns an electrical test method comprising: applying a voltage to an
interconnection or circuit element for controlling a 20   voltage to be
applied to a plurality of pixel electrodes; moving a testing electrode
while being superposed with an arbitrary part or all of the pixel
electrodes through a spacing; determining a distribution of a voltage to be
applied to the pixel electrodes 5 from a voltage on the testing electrode
and a position of the testing electrode relative to the pixel electrodes;
and confirming an operating state of the interconnection or circuit element
from the voltage distribution. The invention concerns an electrical test
method comprising: 10 applying) without contact) a voltage to an
interconnection or circuit element for controlling a voltage to he applied
to a plurality of pixel electrodes; moving a testing electrode while being
superposed mth an arbitrary part or all of the pixel electrodes throu;h a
spacin;; determining a distribution of a voltage to be applied to the pixel
electrodes 15 from a voltage on the testing electrode and a position of the
testing electrode relative to the pixel electrodes; and conyrming an
operating state of the interconnection or circmt element from the voltage
distribution. The invention concerns an electrical test method comprisinb:
20 applying a first alternating current voltage to between two terminals
possesses by a first coil; superposing the first coil and a second coil
together through a spacing; applying a second alternating current voltage
caused between two terminals possessed by the second coil to an
interconnection or circuit element for controlling 25 a voltage to be
applied to a plurality of pixel electrodes; moving a test electrode while
being superposed with an arbitrary part or all of 21 



the pixel electrodes through a spacing; alld Conflrllllng all ()pLraClll~
SCaCe of Che lnCerCC)nIleCCl()11 ()r Clrclllt e1e111eI1C frolll a third
alCerIlaClng CllrCCnC voltage generated on the testing electrode and a
position of the testing electrode relative to the pixel electronics. 5 The
invention concerns an electrical test method comprising: applying a first
alternating current voltage to between two terminals possessed by a first
coil; superposing the first coil and a second coil together through a
spacing; applying a~second alternating current voltage caused between two
terminals 10 possessed by the second coil to an interconnection or circuit
element for controlling a voltage to be applied to a plurality of pixel
electrodes; moving a test electroue while being superposed with an
arbitrary part or all of the pixel electrodes thrc)ugh a spacing;
determining a distribution of a voltage to be applied to the pixel
electrodes 15 from a third alternating current voltage generated on the
testing electrode and a position of the testing electrode relative to the
pixel electrodes; and confirming an operating state of the interconnection
or circuit element from the voltage distribution. The invention concerns
an~electrical test method comprising: 20 applying a first alternating
current voltage to between two terminals possessed by a first coil;
superposing the first coil and a second coil together through a spacing;
rectifying or waveform-shaping a second alternating current voltage caused
between two terminals possessed by the second coil anc.~ applying it to an
25 interconnection or circuit element for controlling a voltage to be
applied to the pixel electrodes; 22   moving a test electrode while heing
superposed with an arbitrary part or all of the pixel electrodes through a
spacing; and confirming an operating state of the interconnection or
Ctl-CtllC e1e111e11C fr()Ill a third alternating current voltage generated
on the testing electrode and a positiem S of the testing electrode relative
to the pixel electrodes. The invention concerns an electrical test method
comprising: applying a first alternating current voltage to between two
terminals possessed by a first coil; superposing the first coil and a
second coil together through a spacing; 10 rectifying or waveform-shaping a
second alternating currenC voltage causal between two terminals possessed
by the second coil and applying it to an interconnection or circuit element
for controlling a voltage to be applied to the pixel electrodes; 



moving a test electrode while being superposecl with an arbitrary part or
all c>f 15 the pixel electrodes through a spacing; and determining a
distribution of a voltage to be applied to the pixel electrodes from a
third alternating current voltage generated on the testing electrode and a
position of the testing electrode relative to the pixel electrodes; and
confirming an opera-ting state of the interconnection or circuit element
from 20 the voltage distribution. In the invention, the first coil and the
second coil play have interconnections -formed on a same plane and the
interconnections be in a vortex form. In the invention) the spacing between
the first coil and the second coil may be controlled by flowing a fluid
between the primary coil and the secondary coil. 25 The invention concerns
an apparatus for electrically testing a plurality of pixels possessed by a
device substrate, the electrical test apparatus comprising: 23   a primary
coil; means for superposing the primary coil and a secondary coil possessed
by the device substrate together through a spacing; means for superposing
an arbitrary part or all of pixel electrodes respectmcly 5 possessed by the
pixels with a testing electrode through a spacing; means for changing a
position of the testing electrode relative to the pixel electrodes
possessed by the pixels; means for applying an alternating current voltage
to between two terminals possessed by they primary coil; and 10 means for
confirming an operating state of each of the pixels from an alternating
current voltage generated on the testing electrode. The invention concerns
an apparatus for electrically testing a plurality of pixels possessed by a
device substrate, the electrical tc-at apparatus comprising: a primary
ccnl; 15 means for superposing the primary coil and a secondary coil
possessed by the device substrate through a spacing; means for changing)
while superposing an arbitrary part or all of pixel electrodes respectively
possessed by the pixels with a testing electrode through a spacing) a
position of the testing electrode relative to the pixel electrodes
possessed 20 by the pixels; means for applying an alternating current
voltage to between two terminals possessed by the primary coil; and means
for confirming an operating state of each of the pixels from an alternating
current voltage generated on the testing electrode. 25 In the invention,
the spacing hetween the primary coil and the secondary coil may be
controlled by flowing a fluid between the primary coil and the secondary 24



coil. In the invention, the first coil may have interconnections formed on
a satllc plane and the interconnections he in a vortex form. The invention
concerns a method for manufacturing a semiconductor device 5 comprising:
forming an interconnection or circuit element, and pixel electrode to be
supplied with a voltage through the interconnection or cu~clt clement;
applying a voltage to the interconnection or circuit element; moving a ~est
electrode while superposing an arbitrary part or all of the pixel 10
electrodes through a spacing; and calculating voltages applied to the pixel
electrodes respectively possessed by the pixels due to a voltage applied to
each of the pixel electrodes) from a voltage em the testing electrode and a
position of the testing electrode relative to the pixel electrodes. 15 The
invention concerns a method for manufacturinh a semiconductor device
Colllprls111g: forming an interconnection or circuit element) and pixel
electrode to be supplied 'with a voltage through the interconnection or
circuit clement; applying) without contact;,. a voltage to the
interconnection or circuit 20 element; moving a test electrode while being
superposed with an arbitrary part or all of the pi~cel electrodes throubh a
spacing; and calculating voltages applied to the pixel electrodes
respectively possessed by the pixels due to a voltage applied to each of
the pixel electrodes) from a voltage on 25 the testing electrode and a
position of the testing electrc>cle relative to the pixel electrodes. 25
The invention concerns a method for manufacturing a device substrate
comprising: forming an interconnection or circuit element) and pixel
electrode to he supplied with a voltage through the interconnection or
circuit clement; 5 applying a voltage to the interconnection or circuit
element; moving a test electrode while being superposed with an arbitrary
part or all of the pixel electrodes through a spacing; anc.l calculating
voltages applied to the pixel electrodes respectively possessed by the
pixels due tc~ a voltage applied to each of the pixel electrodes, from a
voltage on 10 the testing electrode and a position of the testing electrode
relative to the pixel electrodes. The invention concerns a method for
manufacturing a device substrate comprising: forming an interconnection or
circuit element, and pixel electrode to he 15 supplied with a voltage
through the interconnection or circuit element; applying, without contact)
a voltage to the interconnection or circuit element; , 



moving a test electrode while being superposed with an arbitrary part or
all of the pixel electrodes through a spacing; and 20 calculating voltages
applied to the pixel electrodes respectively possessed by the pixels due to
a voltage applied to each of the pixel electrodes) from a voltage on the
testingelectrode and a position of the testing electrode relative to the
pixel electrodes. BRIEF DESCRIPTION OF THE DRAWINGS 26   Fig. 1 is a top
view of a testing substrate of the present invention; Fig. 2 is a top view
of a device substrate of the present invention; Ftg. 3 is a block diahram
of the testing substrate and device substrate of the present Lnventlon; 5
Figs. 4A and 4B are magnifying views of the coils of the present invention;
Fig. 5 is a perspective view of the testing substrate and device substrate
during test of the present invention; Figs. 6A and 6B arc: mahnifylng mew
of the superposccl coils and lllagillf~'Itl~; view of the supc~-poscei
pixel electrodes and testing electrodes, respectively, of the 10 present
invention; Fig. 7 is a circuit diagram of the testing substrate and device
substrate curing test of the present invention; Figs. 8A and 8B . arc top
views of a testing substrate of the present Lnvention; 15 Fig. 9 is a block
diagram of the Cestlllg Stibstrate alld device substrate of the present
invention; Fig. 10 is a perspective view of the testing substrate and
device substrate during test of the present Invention; Figs. 1 lA and 11B
are: views showing a manner of superposition between the 20 testing
electrodes and the pixel electrodes upon rotating the testing electrodes of
the present invention; Fig. 12--i~ a view showinb a manner of superposition
between the pixel electrode possesses by a faulty pixel and the testing
electrode of the present invention; 25 Fig. 13 is a block diagram showing a
configuration of a test apparatus in Embodiment 1; Z7   Fig. 14 Is a block
diagram showing a configuration of a testing apparatus in Embodiment 2;
Fig. 15 is a circuit diagram of a signal processing circuit of Embodiment
3; Fig. 16 is a circuit diagram of a signal processing circuit of
Embodiment 4; 5 Fig. 17 is a circuit diagram of a waveform shaper circuit
of Embodiment 5; Fig. 18 is a circuit diagram of a rectifier circuit of
EIllhod1111e11C 6; 



Figs. 19A and 19B show a change in time of a pulse si~,nal rectified from
an alternating current of Embodiment 6; Figs. 20A :~ZOC sh()w a Change 111
Clllle Of a direct current signal generated by 10 adding pulses together of
Embodiment 6; Figs. 21A-21C are circuit diagrams of a rectifier circuit of
Embodiment 6; Fig. 22 is a block diagram of an OLED panel of a li;
~ht-emitting device of Embodiment 7; Fig. 23 is a top view c>f a
lar~~e-shad substrate of Elllh()C111I11'Ilt 8; 15 Fig, 24 is a top view of
a large-sized substrate of Embodiment 8; Fig. 25 is a flowchart showing a
flow of a test process of Embocfiment 9; Figs. 26A and 26B are top and
sectional views of calls, respectively, of Embodilrient 10; and Fig. 27 is
a figure sh~win~ an operating state of the pixels based on each 20 function
of Embodiment 11. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[Embodiment Mode 1 ] Fig. 1 shows a top view of a testing substrate on
which test is to be conducted according to the invention using a first
structure. Fig. 2 shows a top view of a device 28   substrate to be testeu.
The testing substrate as shown in Fib. 1 has, on a ~uhstrate l00, a primary
coil formed rehion 10I, all exCerllal input buffer IOZ) a connector
connecting part 103 and a testing electrode l04. Note that, in the present
~Iescription) the testing 5 substrate includes the substrate l00, the
primary coil ti~rmml rehion 101, ami the other circuits or all the circuit
elements formed on the substrate l00. The primary coil formed region 10l
possessed by the testing substrate is not limited in the number anu
arrangement to the structure shown in Fig. 1. It is possible for a designer
to arbitrary determine the number and arrangement of the 10 primary coil
formed rehions 10I. AlthoLl~h Che testlll~,~ sllhSCCate s~lohl~n Ln Fig. 1
has test electrodes 104 and primary coil formecl region 101, the invention
is not limited to such a structure. Testing electrodes may be prepared
separately from the testing substrate having a primary coil formed region.
By separately providing a testing substrate having a 15 primary coil formed
region and testing electrodes) a distance between the testuih substrate and
the testing electrodes can he determines regardless of the distance of
between the primary coil and the secondary coil. Meanwhile) during a test
process) the arrangement of testing electrodes can he freely changed
relatively to the device substrate. 20 The device substrate shown in Fig. ?
has, on a substrate 110) a signal line drive circuit 111, a scanning line
drive circuit 112, a pixel region 113, an extended interconnection 114,
~cmnector connecting part 115, a wavefo rm shaper circuit or rectifier
circuit 116 and a secondary coil formed region 117. In the present
description, the device substrate includes the substrate 110 and all the
circuits or 25 circuit elements formed on the substrate 110. The extended
interconnection 114 is an interconnection to supply a drive signal and
power voltage to the pixel region 29 



and drive circuit possesseti by the device substrate. Note that the
secondary coil formed region 117 c>f th a device substrate ~s nut limited
in the number and arrangement to the structure shcnvn ul Fig. 2. It 15
possible for a designer to arbitrary determine the number and arrangement
of the 5 secondary coil formed regions 117. An FPC, TAB or the like is
connected to the connector connecting part 115 in the process after a test
process. The device substrate after completing a test process is cut along
the line A-A' such that the secondary coil formed in the secondary coil
ff)rmed renion 117 is physically and electrically separated from the 10
connector connecting part 115. Now, explanation will he made on the
operation of the device substrate and testing substrate in a test process.
In order to facilitate understanding of the signal flow in a test process,
the configuration of the device substrate gnu testing substrate shown 1I1
FlgS. 1 a1101 2 is ShC)Wn 111 a block diagram of Fig. 3) Which will he
explained 15 with reference to Figs. 1 and 2. On a testing substrate 203) a
testing alternating current signal is inputted front a signal source 201 or
alternating current power source 202 to an external input buffer 102
through a connector connected to the connector connecting part 103. The
testing alternating current signal is buffer-amplified in the external
input buffer 20 102 and inputted to the primary coil formed region l01.
Although) in Figs. 1) 2 and 3) the input alternating current signal after
buffer amplified in the external input buffer l02 is inputted tc~ the
primary coil formed region 101, the invention is not limited to such a
structure. An alternating current signal may be directly inputted to the
primary coil formed region 101 without 25 providing an external input
buffer l02. A plurality of primary coils are formecl in the prllllary coil
formed region 10l. 30   An alternating current signal is inputtecl to the
two Cer111111aIs of the primary coil. Meanwhile) in a secomlary coil tormed
region 117 possessed by the device substrate 204, a plurally of Cl)ll~lar~'
curls arc tor111c~1 correspondingly to the primary coils possesses by the
primary call formed region 101. When an alternating 5 current signal is
inputted to the primary coil) an alternating current voltage as an
electromotive farce occurs due to electromagnetic induction at between the
two terminals possesses by the: seconclary coil. The alternating current
voltage generated on the secondary coil is supplied to the wavefonn shaper
circuit 116a or the rectifier circuit 116b. The waveform shaper 10 circuit
116a or rectifier circuit 116b shapes or rectifies the alternating current
voltage to generate a drive signal or power voltage. The generated urlve
signal voltage or power voltage is supplleu to the extended interconnection
114. The provnled urive signal voltage or power voltage is supplied to the
signal line clrive circuit L 1 l, SC~llllllllg line ~Irmt ctrcttlt 112 aml 



15 pixel region 113 through the extended interconnection 114. The
alternating current voltage generated on the secondary coil may he inputted
as a drive signal to the pixel region 113 directly instead of through the
waveforni shaper circuit 116a or rectifier circuit 116h. The pixel region
113 is formed with a plurality of pixels wherein each pixel is 20 formed
with a pixel electrode. The signal line drive circuit and scanning line
drive circuit is not limited in the number to that shown in Figs. 1 and 2.
The operation of the signal line drive circuit 111 ) sca~ng Line drive
circuit 112 and pixel region 113 applies a voltage to the pixel electrode
of each pixel. Note that the device substrate as a slhject-of-test not
necessarily reduires drive 25 circuits such as the signal line drive
circuit 1l1 and the SCailillllg line unve circuit 112. Drive signal voltage
or power voltage may be applied curly to the pixel region 31   I13.
However, it is vital to set a drive signal voltage or power voltage to such
a value that the voltage applmd to the pixel electrode ~s p ven an
alternating current voltage. 5 The pixel electrode of a pixel is superposed
with the testing electrode 104 through a constant spacin g. When the pixel
normally operates to apply an alternating current voltatie to the pixel
electrode) an electromotive force generates on the testing electrode 104.
The alternating current voltage, or electromotive force) tienerat~i on the
testing electrode 104 has a pixel operating state as 10 information. From
the alternating current voltahe generated on the testinri electrode 104, a
pixel operating state possessed by the pixel rehion can he confirmed, _ to
determine a normality/ahnormalirV- thereof or specif~~ a faulty point. Now)
explanation will he male on a ~letailml structure of the primary coil and
secondary coil (hereinafter) ref~rrea collectively as cent). 15 Fig. 4
shows a magnifying mew of the coil. The coil shown in Fig. 4A is in a form
having a line depicting a curve of spiral. The coil shown in Fig. 4B is in
a form having a; line depicting a sduared spiral. Concerning the coil used
in the invention) the entire line possessed by the coil is satisfactorily
formed cm the. saiue plane and the line possessed by the coil is in a 20
spiral form. Accordingly, the line possessed by the coil may depict a curve
line or a squared form as viewed vertically to the plane the coil is
formed. It is possible for a designer to appropriately determine a coil
with the number of turns) line width and on-substrate area. However, it is
reclmrcd to properly set the number and design of coils to the
s~m~conductor device standard. There is also 25 a necessity to properly
set, to the semiconductor device standard) a waveform) frequency and
amplitude of an alternating current signal for test to be inputted to 3Z
the primary coil formed region. 



Fig. 5 shows a perspective view that the device substrate 204 is superposed
with the testing substrate 203. Nl)te that shown 15 C110 Case that the
testing substrate 203 Showll IIl Flg. 1 Ilas) as a prllllary C()11) a C()11
~1S Sh()wI1 In Flg. 4A whlh'. S the device substrate shown nl Fig. 2 1111S)
r1S a SeC()lldary coil) a coil as shown 111 Fig. 4A. The connector 205 is
connected to the connector connecting part l03. As shown in Fig. 5) the
prunary cc)il formed region 101 possessed by the testing substrate 203 is
superposed with the secondary coil formed region 117 possessed by the
device substrate 204 thrc)ugh a constant spacing. The spacing is desirably
10 smaller. The primary coil formed region 10l and the secondary coil
formed region 117 possessed by the device substrate 204 are preferably as
near as possible as long as the spacing is to he controlled. Meanwhile) the
testing electrode l04 and the pixel electrode possessed by the pixel region
113 are superposccl tc)gether through a constant spacing. The spacing 15 is
desirably smaller. The testing clectrocle 104 and the pixel electrode
possessed by the pixel region 113 arc preferably as near as possible as
long as the spacing is to he controlled. The spacing between the testing
substrate 203 and the device substrate 204 may be maintained by fixing the'
both substrates. Otherwise) the spacing may be 20 held by fixing either one
of the device substrate 204 or the testing substrate 203, to use a constant
flow rate or pressure of flulel between the testing substrate 203 and the
device substrate 204. The fluid can) representatively) use a o:~5 or a
liquid. Besides) a fluid such as a viscous gel can be used. Fig. 6A shows a
magnifying mew of a part where the primary coil formed 25 region l01 and
the secondary coil formed region 117 are superposed together. 206 shows a
primary cc)il an cl 207 a secondary cull. 33   Although in Fib;. 6A the
primary coil 206 and the secondary coil 207 are the same in direction of
line spiral turn, the invention is not limltcd to that structure. The
primary coil and the sece>ndary coil may be reverse in spiral turn
direction. Meanwhile) it is possible for a designer to properly set a
spacing (L, ~~,) between the 5 primary coil and the secondary coil. Fig. 6B
shows a magnifying view of a part where the pixel electrode 208 possessed
by the pixel and the testinh electrode l04 are superposed together. In Fib;
. 6B) one testing electrode l04 is superposeu with a plurality of pixel
electrodes at the same time. The testing electrocle may he formed by <>ne
conductive film or by a 10 plurality of electrically connected conductive
films. A capacitance is formed by superposing the testing electrode 104 and
the pixel electrode 208 together. When an alternating current voltage is
applied to the pixel electrode 208 1I1 a state shown 1t1 Fia. 6B, an
electromotive force generates on the testing electrode 104. 15 ~Fi~. 7
shows a circuit diagram where superposing together the pixel electrode: 208
of the device substrate and the testing electrode l04 of the CCaClllg
5LlbsCrate 104. Note that the pixel structure shown in Fig. 7 is a mere one
example and hence the number and kind of interconnections and elements
possessed by the pixel and their connections are not limited to the
configuration shown in Fig. 7. Meanwhile) 20 although Fig. 7 shows a pixel
configuration of a light-emitting device, the invention 



can be applied to other semiconductor devices. Specifically, the teat
method of the invention can be used t0 a Se1111CO11dL1Ctor device providecl
that an aimmating current voltage can be applied to the pixel electrode by
controlling the application voltage to the interconnection or element. 25
The light-emittinb ~levicc shown In Fib. 7 has signal lines S 1 to Sx in
the number of x) power lines V 1 to Vx in the number of x, aml scanning
lillea L11 Che 34   number of y. Each pixel 802 has one aignal line) one
power line and one scanning line. Furthermore) the pixel 802 has a swltchmg
TFT 803, a ~lrivmg TFT 804 and storabe capacitor 805. 806 is a capacitance
formed by superposing together the testing electrode 104 5 and the pixel
electrode 208. The switching TFT 803 has a gate electrode connected to any
one e>f the scannin, lines G 1 to Gy. The awitchil,g ~CFT 803 has source
and drain regions one of which is connected to any one of the signal lines
S 1 to Sx while the other to a gate electrode c~ f the driving TFT 804. The
uriving TFT 804 has source anal dram 10 regions one of which is connected
to any one of the power lutes V 1 to Vx while the other to the pixel
electroc.Ie. - The storage capacitor 805 has two electrodes connected to
the gate electrode of the driving TFT 804 and the power Ime, respectively.
In the pixel shown in Fig. 7, an alternating current drive signal voltage
is being 15 applied to the power line V 1 to Vx. Accordingly, in the case
the pixel is normal, the switching TFT 803 can he turned on by controlling
the voltage applied to the scanning line while the clrivlng TFT 804 can be
turned on by controlling the voltage applied to the signal line. As a
result) an alternating current drive signal voltage is applied to the pixel
electrode. ' 20 By applying an alternating current elr ive signal voltage
to the pixel electrode) an alternating current volta;e generates on the
testing electrode 104 overlapped with the pixel electrode. The generated
alternating current voltage is suppli,.d as an output 807 to a rear-staged
circuit. In the pixel shown in Flg. 7) the pixel electrodes of the pixels
having the same 25 scanning line are superposed with the same testinb
electrode. However, the testing electrode is not limited to the arrangement
form shown in Fib. 7. The pixels having 35   the pixel electrocie omrlapped
with the testing electrode can he arbitrarily selected. For example:)
concerninh the pixels sh()WM 111 Fih. 7) the pixel electrodes of the plxcls
havinh the same slhnal Line may he cnnected to th a sallle testinh
electrode. The rear-staged circuit) received the output 807) determines a 5
normality/abnormality of the pixel from the alternatin n current voltage
generates on the testinri electrode. According to semiconductor-~ievicu
drive method or testing-electrode arrangement) there are cases of
simultaneously applying a voltage to a plurality of pixel electrodes
superposed with one testinb electrode and sequential application 10 and
arbitrary application. Where simultaneously applying an alternating,
current voltahe to a plurality of 



pi:~el electrodes) the alternatny current voltage atncrated c)11 the
testing electrode differs in waveform between normal operation of all the
pixels and not normal operation in at least one of the pixels. Namely) the
alternating current voltage 15 generated on the testing electrode
possesses) as information, an operating state of all the pixels having
these pixel electrodes. Meanwhile) where alternating current voltages arc
sequentially appliecl to a plurality ~of pixel electrocles) the testln g
electrode has a sequential addition with alternating voltages each havinb)
as information) an operating state of each pixel. 20 Consequently, where
alI the pixels are normal, the sequential operation of the pixels provides
a monotonous change of the alternating current voltage henerated on the
testing electrode. Conversely) when ally one of the pixels is abnormal, the
sequential operation of the pixels pro vicles non-monotonous change in the
alternating current voltage generated on the testing electrode:.
Accordingly, there 25 is difference in alternatin g current voltage wavefo
rm gen crated oil the testing electrode between normal operation of all the
pixels and abnormal operation of at 36   least one of the pixels.
Inclclentally) by cemparlng an alternating current voltage actually
generated on the testing electrode with an alternating current voltage
generated on the testing electrode of a pixel already confirmed normal, it
is possible to confirm an operating 5 state of the pixel and determine a
normality/ahnormality of the same. However, the alternating current voltage
as a reference of comparison is not necessarily based on a pixel already
confirmed normal. By comparing between the alternating current voltages
respectively generated on testing electrodes) a pixel may he determined for
operating states and normality/ahnormality. Also, a pixel may be confirmed
for 10 operating state and determined for 17()1'Lllallty~ahll()rllll711CV'
by C()Illparl5()11 wlCh a11 alternatlIlg CLlrrenC V()lCage ValLle
CalcLIlaCl:d thl'ULlgh Slllllllatl()n. .Although in Fig. 7 the testing
electrode and the pixel electrodes arc superposed together with every pixel
possessed by the pixel region) the invention is not limited to that. The
testing electrode and the pixel electrode may he superposed 15 only wits
the arbitrarily selected pixels) to conduct test for an operating state
only on the arbitrarily selected pixels. Although Chls elllhodllllellt
111()de explallled the example that the device substrate has the signal
Line drive circuit and scanning line drive circuit as a drive circuit, the
device substrate to be tested in the invention is not limited to that. 20
Even where the device substrate has a pixel region only) test can he
conducted with using the test method of the invention. Meanwhile) for a
single device called TEG or evaluation circuit composited with such a
single device) it is possible to confirm an operating state by LIS111g the
CeSt 111eChod or apparatus of the invention. The invention, by the above
structure, can determine a normality/abnormality 25 wlthoLlC the Llse Uf a
probe ~lu-ectly en the interconnection. It is, accordingly) possible to
prevent aga1115C thl: yield lowering in the subsequent process due to fine
37   dust causecl upon usln h a pr()bc. Forth erm()r(') because the a
n(n-mality/abnormalit~~ in all pattern fe)rmin~; pt-()ClaSes Call ht'.
~II:C('.rllllnl'Ll by one test process) the test process can b(: Sin
lplllied. [Embodiment Mode 2] 5 Fig. 8 SNOWS a t()p view of first and
second testing substrates tU conduct a test aCCOrdlll~ t() C11('.
tllVetltil>Il lllrtlg a SeC()Lld C()nfl;~LlraC1()11. C()IlCeC111I1g a
deVlCe substrate to be Used In thls elllb()(lllllellt, reference can he
male to Fla. 2 iIl Embodltlletlt M~)Lje 1. A first testing Substrate shown
i11 Fig. 8A has) on a substrate 6100) a primary 10 coil formed region 610l,
an external input buffer 6l02 and a connector connectin;~ 



part 6103 for the first testing anl)stratc. I11 the de5Cr1pC1(>ll, the
first testing substrate includes the substrate 6100, the primary coil
formed re~;i()n 6101 an d all the Other circuits or circuit elements
f()rmec.l on the Substrate 6100. Note that the c~ctcrllal input buffer 6l02
play not necessarily he provided. 15 The primary toll formal rehion 6101
possessed by the first testing substrate is noC limited In the I111111ber
allCl arranymetlt to the structure Shown in Frg. 8A. It is possible for a
designer to arbitrary determine the number and arrangement of the primary
coil formed regions 6l01'. A second Cfatltlg stlhsClate sh(7Vn 1l1 Fig. 8B
has) on a substrate 6l20, a 20 plurality of testing electrodes 6121 and a
connector connectinb part 6l22 for the second testinb Substrate. In the
description) the second Costing substrate includes the substrate 6l20)
testing electrodes 612 l, the CoI111eCC()r CoI111eCtttlg part 6122 for the
second testing substrate and all the Other circuits or circuit elements
formed on the substrate 6100. 25 The number and anan i;ement ~f the testing
electrodes 612l possessed by the 3~   second testinh substrate is nc)t
111111Ced to the structure shown in Fig. 8B. It is possible fOC a tlcshnc:r
to arhitrarlly deCerl))lne the number and arrangement of the testing
electrodes 6l21. Now, explanation wlll he made c)n the opcratum c)f the
dcvlcc substrate and 5 testinb substrate in a test i~rc)c~ss. In c>r~l~r to
facilitate umlerstandin;; of the sihnal flow in a test process, the
confihuration of the tlevicc substrate shown in Figs. b and 2 and first and
seconcl testing substrates ~s shown in a block diagram of Fig. 9, which
will be explained w lth reference to Flgs. 8 and 2. On the f~rst testing
substrate 6203) a testing alternating current signal is 10 inputted from a
signal source 20l or alternating current power source 202 to an external
input buffer 6l02 throubh a connector ccnul~ctmi to the connector
connectinb part 6l03. The testing alCl'.I-llalClll~ current signal is
buffer-amplified m the external input buffer 6102 and inputted to the
primary coil formal region 610l. 15 Incidentally, in Firs. 2) 8 and 9, Chc
input alternating current signal after buffer-amplified in the external
input huftcr 6l02 is inputted to the primary coil formed region 6101.
However ) the invention is not limited to this structure. The alternating
current signal may hc: directly inputted to the primary coil formed region
610l without providing an external lllptlt buffer 6l02. 20 A plurality of
primary coils are for med in the primary coil formed region 6101. An
alternatinh current sihnal Is lllptltted to the two terminals of the
primary coil. Meanwhile) in a secondary coil te)r med region 11 l possessed
by the device substrate 204, a plurality of secondary coils are formed
correspon dingy to the primary coils pOSS(:.sSed by the prlt11a1-\' C()11
f()r111ed regu)n 6101. WheIl all 25 alternanng current signal is mputte~i
Co the primary Coil, an alternating current voltage as an electromotive
force generates due to electromagnetic induction at 39   between the two
terminals pos5esseli by the secondary coil. The alternating current
vc)ltage gelleraCl.d On Che seCl)Ildary call Is supplied tc) the waveform
shaper circuit 1 16a or the rectifier circuit 116h. The waveform shaper
circuit 116a c)r the rectifier circuit 116h shapes or rectifies the
alternating current 5 voltage to generate a drive signal or ~unver voltage.
The generated drive signal vc)Itage or power voltage is supplied to the
extended intl:rcc)nnecticln 1 l~. The prc)vided drive signal voltage or
power voltage is supplied to the signal line drive circuit 111) scanning
line drive circuit 112 and pixel region 113 through the cxten~ic~l
interconnection 114. 10 The alternating current voltage: generated on the
seconnary coil may he inputted as a drive: signal to the: pixel region 113
directly instead of through the waveform shaper-circuit 116a or rectifier
circuit 116h. The pixel region 113 is fc)rmed with a plurality of pixels
wherein the pixel is formed with a pixel ul~ctro~lc. N()te ClllC C~ll'.
51~~,.T~IM11 1111l.' lll'lve clrCUlC and sCallniIlg 15 line drive: circuit
15 11()t hllllted In Che lllllllhl'.l' to Ch aC 511()w11 In Flgs. 2 and 9.
The operation of the signal line drive circuit 111, Scanning line drive
circuit 112 and pixel region 113 applies a voltage to the pixel electrode
of each pixel. Note that the: device substrate a5 a subject-of test not
necessarily requires drive circuits such as the signal line drive circuit
111 and the Scanning line drive circuit 20 112. The drive signal vl)ltahe
or power voltage may be applied only to the pixel region 113. However) it
is vital to set a drive Signal voltage or power voltage to Such a value
that the voltage applied to the pixel electrode is given an alternating
current voltage. 25 The pixel electrocle c)f a pixel is supl:rposed with
the testing electrode 6121 through a Cl)nsCaIlC JpaClllg. When the pixel
normally operates to apply an 



-10   alternating current vc7lta~e to the pixel electrode, an electromotive
force generates on the testing clectroele 6121. The alternating current
vc7ltage) or electromotive force) generatt~i c7n the tearing electrc)le
6121 has a pixel c7peratlng state as information. From the alternating
current voltage generated C711 Che testing 5 electrode 6121 ) an operating
state of the pixel possessed by the pixel region can he confirmed, and a
normality/ahnormality thereof he determined or a faulty point be specified.
Incidentally, the first and second coils used in this emhodunent are the
same as those of Embo~limcnt l ) anal Call IISe C()l as shown in Figs. 4A
and 4B. 10 Fig. 10 shows a perspective view that the device substrate 204
is superpc7sed with the first testing substrate 6203 and second testing
substrate 6205. Note that shown is the case tl~Zt the first testing
substrate 6203 shown in Fig. 8A has, as a primary coil) a coil as shown In
Fig. 4A while the device substrate shown in Fig. 2 has, as a secondary
cull) a ccul as slu~wn In Fig. 4A. Th a ccmn~ctor 6209 is 15 connected to
the C()1111eCCC>1 C()nIleCCll:g harC 6l03 fc7r the first tasting substrate.
Meanwhile, Che C(71111eCC()r 6210 is CC7I111eCCCCI to the connector
connecting part 6122 for the second t(atlIlg substrate. As shown in Fig.
10, the primary coil formed region 610l possessed by the first testing
substrate 6203 and the s~eondaiy coil formed region 117 possessed by the 20
device substrate 204 are superposed tc7gerher through a constant spacing.
The spacing is desirably smaller. The primary coil formed region 610l and
the secondary coil formed region 117 possessed by the device substrate 204
are preferably as near as possible as long as the spacing is to be
controlled. lVleallwhlle) C110 CeSClng eIeCCC(7dl'. 6121 pUSSesscll by Che
second Cl:Stlllg 25 substrate 6205 and the pixel electrode possessed by the
pixels of the pixel region 113 are superposed tc7gether through <l
C(7115Ca11C spacing. The spacing is clesirahly ~l 1   smaller. The testing
electrcolc 61 Z 1 V11~I the pixel electrode possessed by the pixels of the
pixel I'egloll 113 are preicrahly a, n(:llr as possible as long as CIle
spacing 15 to be controllc~l. The spacing between the first testing
substrate 6203 and the device substrate 5 204 play be maintained by flxlllg
the b()th suhstratea. Oth crwlse) the spacing play be held by fixing clChcr
()tie ()f the tievlm substrate 20~ ()r the first testing substrate 6203) to
use a constant tl(nv rate ()r ~~rc,surc ()f field I)etwecn the first
testing substrate 6203 an(! the device substrate 20~. The field call)
representatively) use a gas or a liduic-1. ~Bcsides) a fluid such a a a
viscous gel can he used. 10 Sllllllar ly CO Enlbod1111C'.11C Mode l ) C11C:
primary Coil alld the secondary Coll lllay be the: same or opp()sitc in
~lirectl()n ()f line ~plral turn. Meanwhile) it is possible fe)r a designer
to pr()perl~c ,(:t a spacing (L^,,~,) between the primary coil and the
secondary C(111. AS t()1' a 11111I111(:1' ()f SL(~71:L'p(vlCloll betwLen
the pCllllllry C()11 alld C11(.' SeCOndary C()11) reter('11C(: C1111 17L
llladl: t() ~'1~. 6A 1I1 Elllb(O11111enC 1VTC)Clt 1. 15 M(;anwhile,
similarly to Embodiment Mode l ) one testing electrode 6121 is
simultaneously superposed with a plurality ()f pixel elcctr()tie5. The
testing electr()de may be formed by otll'. C()IIUtICCLV(.' file) or L,y a
plurality ()f electrically connected CO11C111CC1Ve f111115. A5 tol' 11
I11a1111eC ()f lllpl.'I'poSlC1()Il betwl'.ell the CesClng electrode and the
pixel electrode) reference can he made to Fig. 6B in Embodiment Mode 1. 20
A capacitance is formed by superposition of the testing electrode 6l21 and
the pixel electrode 208. When an alternating current voltage is applied to
the pixel electrode 208, an electromotive force generates (lee to
electrostatic induction on the testing electrode 6121. Incidentally) II1
C1115 e111bU11L111(:I1C 111()u(', Che plXe1 electrode 208 superposed 25
with the testing electrodes 6 L 21 is arbitrary in position. Furthermore)
the positional relationship of the testing electrodes 61Z 1 and the pixel
electrodes 208 differs from 42   monitor to monltc)r. C()llCl:t'IlLIlg a
circuit U1M~!1'a1177 ()t upon superposing together the pixel electrode 208
of the device suh~trate aml the t(atinri c:lectrodc 6121 of the second
testing substrate, reference can h(: ma~lc t(> FIB;. 7 ()f
Elllh(>dlllll'.nC ivlo~ic 1. Note that) m 5 the pixels shown In FLn. i, the
pixel electrodes of the pixels having the same scanning Ilne are superpescl
with tile 5anm testing electrcdc. Howev(:r, the testing electrode is not
111111Ce11 tC) Clle aCl'all~el11cI1C sh()wn In Flg. 7. It 15 pC)sslblC C(>
arblCrary select the pixels having pixel cl~ctro~les superposed with the
testing electrode. ExplanaCl6Jn LS Illadl.' (711 Chl'. p()Sltlollal
relationship of h(:tween tile testing 10 electrodes 612l aml the pixel
~I~ctre~lm ?~~8 during 111oL11Cc)rlll~;. The deslgnel' 1~ M11(nvml t(>
arhltral'lh' seC Che llLllllbl:r C>f 111171',J ()f 1110111tOrtll~~T, a11
alternating current velta~c ;~cn~ratc~l m7 the testing electrode 6l21. The
~lcsign~r is also allowed to arbitrarily set the positi(7nal mlatiunship
between the testing electrodes 612l aml the pixel electrodes ?08 during
cash n lonlt()r. It is, however, 15 vital to fix a positic>nal relatlonshlp
fer nlonltoring between the testing electrodes 6l21 and the pixel
~fcctredcs 208 anti set the number of tomes of 117o111COrlllg so that an
e)perating state e>n each plx(:l 1.a11 he I~ILCI'.rllllll(:el 11'()L71 the
value of an 



alternating current v()lta~;e on the tcstln~; ~lectroue 61 Z 1 c76talned
through all of monitoring. 20 Figs. 11A and L 1B show a positional
relationship of between the pixel electrodes ?08 and the testing electrodes
6121 when the testing electrode 612l is rotated, about a center of the
Llixel region as the center axis) cm a plane parallel with a plane fe)rmlng
th a pixel electrode 205. Exi)lanation is herein Illade o11 all exalllple
having pixel electrcuies i11 the nun lher of 5 x S in the pixel region in
order for easy 25 understanding the explanation. Fig. 1 lA shows a stag
prior t() 1'()C;7C1()11 (0) whcrmn Che pixel electrode 208) -l 3   every
five) is superposed with the Cl'SClIlg electrode 6l21. Fig. 11B shows a
staCe Cllat C[le tcson~, electrcoles 6121 arc rotated ~S degrees
counterclockwise ~lhC)llC tlm centm eat tl 4~mel region tiwm th a state of
Ftg. 1 1 A. In this case, the te:~tuy electrode 6l? 1 n ~y,~rposed with a
different pixel electrode 5 208 from that of Fig. 1 lA. The alternating
Curl-ellC voltage ~;cn~ratecl on each testing electrode 61? 1 differs in
its amplitude and wavefc>rm depending tlp()n the lltllllher Of pixel
electrodes superposed with the C(:Stlll~ ~I~ctr~oe 6121) an area of
superposition with the pixel electrpdes) and a valor of an alternating
current voltage applied to the 10 pixel electrode. It is possible to
prtvu~usly calculate the numher of pixel electrodes to he superposed with
the testing electrode 6121 and the area of superposition with the pixel
electrodes. It is also poai[ale to previously obtain) by CalCLllaCloI1 ur
actual measurement) an ~1111~71IClI~I~ and wav~trn~ of an alternating
current voltage to he 15 applied eo the pixel clcctro~le where all the
pixels arc in normal operation. Consequently, in the case that, ter
example) as shown in Fig. 12, a pixel electrode 208a of a poor pixel iS
1LICILI~II'.~l l11 the pixel electrodes 208 superposed with the testing
electrode 61 Z 1) the amplitude and waveform of an alternatin current
voltage generated ()Il the Ce5CII1' electrode 6121 is different from the
case 20 all the pixels are in normal operation. As Che oCCLIpaCI()11 I-atio
c)t the t~ml electrodes of poor pixels to the pixel electrodes 208
superposed with the testing electrocles 6~1 is higher) the amplitude and
WaVefOrIl1 Of all alCel-llaClng current voltage generated on the testinb
electrode 6121 departs from the case all the pixels are in normal
operation. Consequently) it 25 is possible to calculate an O~CLIpMt1()11
ralCl() C>t IlOrllllly c7peraCIIlh pixels C)f alllOn~ the pixels whose
pixel clcctro~lcs arc superpcocd with one testing electrode 6l21. ~~t
Furthermore) because the testing electrode 6121 is chan~e~l) plurality of
tllll~s, in positron relative to the plXel electrodes 208) It is possihl(:
te) ()htaln all Occupatlo n ratio of normally operating pixels of among the
plXCls wh()sc pixel el(:ctrodes arc superposed with one testing electrode
6121. From the occupation ratio of normally 5 operating piXels obtained in
each position of the testtIl~ clcctrc)de 6121, an operating state can be
determined on a pixel-by-pixel hasis. From the operating state, a
normality/ahnormality can he tletermined. 



Incidentally) the simultaneous voltabe application to a plurality of piXCl
electrodes supe~rposea with one testing electrotle inclutle5 scqucnnal and
arhitray 10 applications depentling upon semiconductor-tlevice drive
m~tho~l and testing electrode arrangement. IIl Che Case Of
slIlltlltaneotlsh' seleCClllg all 1 opl:1'aCtlh a pltlralllCy of p1`((:15)
C110 alternating current voltage generated on the testing (:lectrode
~liff~ra in wavcfc)rm heCWeen tlp()n Ilorlllal operatloll of all Che ptXels
aIld IIOC 11()((11a1 opcratlon of aC 15 least one of the pixels. Namely,
the alternating current voltage ;enerated On the testing electrode
possesses) as information, an operating state c)f all the pixels.
Meanwhile) where sequentially selecting and operating a plurality of
pixels) the testing electrode is generated with sequential addition of
alternating current voltages each having, as information) an operating
state: of each pixel. Accordingly) 20 where seduentially operating a
plurality of pixels normal in the all) IllonoCOllotls LS a change rate of
an alternating current voltage generated oI1 the testnlg electrode with
respect to the overlap area of between the pixel electro( cs Of Operative
piXC:ls and the testing electrode. Conversely, where sequentially operating
a plurality Of pixels including an 25 abnormal pixel, IloC IllonotoIlotIS
15 a change CatC Of all alC('.rnaClllg current voltage generated on the
testing electrode with respect to the overlap area Of hetwecn the 45
pixel electrodes of operative pixels and the testing electrode.
Accordingly, the alternating current voltage generated on Che C('.SC111~;
clectrc>de is different ul waveform between upon normal operation of all
the pixels and not normal operation of at least one of the pixels. 5
Incidentally, it is possible to confirm an operating state of a pixel and
lleCer111111e a n()r111alICy/abnor111ahCy thereof by C()Illparlll~
heCw(:ell an llltl r1111C111~ current voltage to be generated on the
testing electrode in the case <)f using the pixels alrcaciy confirmed
normal and an alternating current voltage actually generated on the testing
electrode. However, the alternating current voltage as a 10 reference of
comparison must not be on the pixel already C()IlfiCllled n()rlllal. By
comparing between alternating current voltages generated ()n a plurally of
CesC111~; electrodes) a pixel play be confirmed for its operating state and
deternuned fe)r its normality/abnormality. In this case) it is vital to
compare them by taking into consideration the area of the pixel electrodes
superposed with the tcstin~ electr(ule. 15 Meanwhile) by comparison with an
alternating current voltage value calculated due CO 51111L11aC1()n) a pixel
play be confirmed for its operating state alld ~ictermine~l for a
normality/abnormality thereof. Incidentally, although in Fibs. 7, 11A and
11B the testing electrode and the pixel electrode are superposed 'together
at all the pixels possessed by the pixel 20 section, the invention is not
limited to that. The testin g electrode and the pixel electrode play be
superposed together at only arbitrarily selected pixels, to conduct a test
for an operating state at only the arbitrarily selectecl pi~ls. Although
this embodiment mode explained the example that the device SLIbStraCe had a
signal line drive circuit and scanning line drive circuit as a driving 25
circuit) the clevice circuit to be tested in the invention is not limite(l
to that. Where the device substrate has a pixel region only, it is possible
to cc)nduct a test by the use 4G   of the test method of the invention.
Ivteanwhile) for a single cievice called TEG c)r evaluation circuit
composited with such a single device, It is possible to Colltlr(11 all
operating StaCe 17y t151118 C110 CC'.SC 111eChod c)r apparatus ()f Clle
II1Ve11C1()Il. Note that the testing electrode may be directly cc)ntrc)Iled
and moved withc)ut 5 fixing the testing electrode on a substrate. The
invention, by the above structure, can cieterminc a normality/ahnormallty
of the device substrate without the use of a probe directly ()Il Che
lllCerconneCClc)I1. It is) accordingly) possible to prevent against the
yield lowering m the subsec.~ucnt process tiue to~fine dust caused upon
using a probe. Furthermore, because the 10 normality/abnormality in all the
pattern forming processes can he ~ieter111i11eCi 17y c)ne 



test process, the test process can be simplified. Now, explanations will be
made on the elllbodlllll'.I1C5 ()f the present invention. [ Embodiment I ]
15 This embodiment explains a configuration of a test apparatus for
confirming an operating state of pixels and determining a
IlorillallCy/ahll()rn1a11Cy thereof by comparing between alternating
current voltages generated on a plurality of testing electrodes in
Embodiment 1. '  Fig. 13 shows a block diagram of a configuration of a test
apparatus of this 20 embodiment. ~`~ :.leasurement start instruction is
inputted as infornlat-it~i frclnl a man machine I/F 305 to a measuring
controller 306. Till: IlleaSlIrLIlg controller 306 inputs an instruction to
control the position of a device sul7stratc 302 and testing substrate 30l
as subjects-of-test, as information) to a handler I/F 307 111 order to 25
start a measurement. The handler I/F 307 superposes together a pixel
electrc)dc 47   (not shown) possessed by the device substrate 302 and a
testing electrode 303 possessed by the testing substrate 301, through a
constant syaclll;~. T110 111eaStlrttlg ConCroller 30~ lIlpLlCs a
111('ablICCt11C11C SC<1rC IIISCrIICCi()Il) aS Lnf()CI11aC1oIl, to a
1111:aStIClIlg sCC~uellCer 308. Thereupon) C110 111eaSLIrlIlg SCytICIICCr S
308 controls a panel display sequencer 309 to select a posltl(m ()f a pixel
()f a suhj(:ct of-test) and inputs the position) as information, from the
panel display setlucncer 309 to a coil driver 310. An RF carrier 311,
having a signal sc)urce and alternating current power source) can supply an
alternatin ; current voltage to a rear-staged circuit. The Ixleasurlng
sequencer 308 controls the RF carrier 311 to input a11 10 alternatinb
current voltage to the coil driver 310. The coil driver 310 uses the input
alternatln g current voltage to supply a11 external input buffer 311 with
an alternating current v()ltag~ fc)r Operating the pix(:( of a
subject-of-test. The external input buffer 311 buffer-amplifies the
auppllcd alternatin; current voltage and provides it to a primary coil
tc)rtn~d regle)n 304. 15 By providing the primary cull formed region 304
with the alCerllaClllg Cllrl'eIlC voltage, the pixel of a subject-of test
possessed by the device substrate 302 operates. The alternatinb current
voltabe is applied to the pixel electrode of that pixel. Incidentally) the
operation of the device substrate of upon proVll1111g all alCl'.I'llat111g
current voltage to the primary toil formed region was concretely explained
in the 20 embodiment modes and hence omittedly explained herein. Wh(:11 the
alternating current voltage is applied to the pixel electrode, an
alternati::b current voltage generates on a testing electrode 303
supe-r~lsc~i with the pixel electrode. The alternating current voltage
generated on the testini; electrc)de 303 lnclucies) as information, an
operating state of the sallle pixel. 25 The alternating current voltage
generated cm the testing el(:ctrode 303 Is provided to a signal processing
circuit 3l2. The signal pl'()Cl'sSlllg circuit 31? 48   operates a value of
the alternating current voltage generated on each testing electroCle.
Specifically) calculated Ls a difference h etween alternating current
voltages on the respective testing electrodes. The alternating current
vc)ltage generateCl on the testing electrode 303 differs in wavefelrm
depending on an 5 operating state of the pixel. For this reason, the
calculated difference c)f alternating 



current voltage mclucles) as information) an operating state ()f the pixel.
Conseduently, the signal having) as information) a calculated difference of
alternating current voltage (operating information signal) includes) as
tnformatl<)n) an operating state of the pixel. The operation information
signal is inputted to a 10 selector circuit 313. The alternating current
voltage generated on the testing electrode c)ften includes various noises.
The noise caused on the teatlng electrode) having Co111paCatlVely hear
fCeqilellCy gild voltage) Call he renu)ved t<) a Cl`.Ctaltl exCl:llt by
calculating a difference in value Lletween the alternating current
vc)ltages generated 15 on the testing electrodes. The frequency and voltage
of the noise is nearer as Che testing electrodes are closer in position to
each other. Ccmsequcntly) it is preferred to calculate a difference of
alternating current voltage hetwcen the testing electrodes closer in
position to each other. The selector circuit 3l3 is 'supplied) throubh the
111C:abllrlll~ seqLlenCer 308) 20 with the positional information of a
pixel selected by the panel display seCluencer 309. The selector circuit
313 inputs an operation information signal corresponding to the selecteci
pixel of among a plurality of input operation informati(l~rslgllals) to a
signal analyzer 314. The signal analyzer 314 amplifies the input operation
information signal gnu 25 t11(:11 A/D-converts it into a eligital form)
followed by operation processing. Note that the; A/D conversion is not
necessarily required and the operation process may 49   he by analog. The
operation process is carried out in orLlcr to analyze an c)peratul~ state
of the pixel. Accordingly, it is possible for a Llcsl~ncr te) prl)pcrly
select a C()11Ce11C Of the operation process. The operation information
sibnal) after the operatu)n prc)cess) is inputtmi to 5 the measuring
controller 306. The measuring controller 306 specifics a pixel state from
the operation-processed operation information slgna( and further determin
es a normality/ahnormality of the pixel. Incidentally) the light-emitting
device of the invention Ls not llnlltcd to the configuration s~lown in Fig.
13. It is satisfactory for the ll~ht-emitting device to 10 have means to
generate an alternating current voltage, Illeans to supply vc)lta~c)
without contact, to an interconnection and circuit element of the dwice
substrate, means to read, without contact) a voltage applied to the pixel
electrode c)f the device substrate, and ~Ill('.MI1S to control a position
of the device substrate. Furthermore) it Ls satisfactory to specify a pixel
state u()111 all alternatlnn current 15 voltage read, without contact) and
to determine a normality/ahnornlaliy of the pixel. [Embodiment 2] This
embodiment explains'a configuration of a test apparatus for confirming an
operating state of pixels and determining a normality/ahnormality thereof
by the 20 use of alternating current voltages generated on a plurality c)f
testing electrodes in Embodiment 2. Fig. 14 shows a block diagram of a
configuration of a test apparatus of this embodiment. A LlleasLlrelllellt
sCarC InstruCClon LS lnpLlCted as Lllf()rlllaCloll fr()Ill a 111aI1 25
machine I/F 6305 to a measuring controller 6306. The Illt'.asLll'lll~
controller 6306 50   inputs a handler I/F 6307 with an instruction to
control the posttton Of a device substrate 6302 as subject-of-test, first
testing sLlbstrate 6301 and second testung substrate 631S, as information)
in order t0 sCarC a In eaSLIrelIleIlC. The handler I/F 6307 superposes
together a secomlat-~~ call ti~rmml rc~;mn (not S showtl) possessed by the
device substrate 6302 and a prunaly coil termed rcgu>n 6304 possessed by
the first testing substrate 630l, thrcnyh a constant spa cing. Meanwhile,
the handler I/F 6307 superposes together a puxel electrode (not shown)
possessed by the device substrate 6302 and a testing electro~l~ 6303
pussessc~l by the second testing substrate 63l5) through a constant
spacing. 10 The measuring controller 6306 inputs a measurement start
lllstrLICt1()tl, a5 information) to a measuring seduencer 6308. Thereupon)
Che measurung sc~~mnc~r 6308 controls a panel display sec~uencer 6309 to
select a position of a pixel of ,t subject-of test) and inputs the
position) as infcnmation) from the panel display seduencer 6309 to a coil
driver 63l0. An RF carrier 631 l, havung a Si;~nal :ounce 15 and
alternating current power source, can supply an alternating current voltage
to a rear-staged circuit. The tlleastlrtng sequencer 6308 cemtrols the RF
carrier 6311 to input an alternating current voltage to the coil driver
6310. 



The coil driver 6310 uses the input alternating current voltage to supply
an external input buffer 631l with an alternating current voltage for
operating the 20 pixel of a subject-of test. The external input buffer 63l1
buffer-amplifies the supplied alternating current voltage and provides it
to the prumary call formed region 6304. By providing the primary coil
formed region 6304 with the alter nating ClIrreIlC voltage, the pixel of a
subject-of test possessed by the Ucvice substrate 6302 25 operates. The
alternating current voltage is applied to the pl~ccl clcctro~ie of the same
pixel. 51   When the alternating current voltage is applied to the pixel
electrode, an alternating current voltage generates on a testln g cl~ctrode
6303 hein~ superposed with the pixel electrode. The alternating current
volta~~ ~encratcd on the testln~ electrode 6303 includes) as uhormation, an
operating state of the same pixel. S The altC.rIlatlIl~! current voltage
generated cm the tcstin h electrcide 6303 15 proviclecl to a signal
processing circuit 6312. The sihnal processing circuit 6312 operates a
value of the alternating current velta~;e ~;elerated on each testing
electrode. Specifically) calculates is a difference of occurred alternatuy
current voltage ofhetween the testing electrodes. The alternatin h current
voltage ~;enerate~l 10 on the testing electrode often includes various
noises. The nonce caused on the testing electrode, having comparatively
near freduency and voltahc) can he remomd to a certain extent by
calculating a difference between the alternating current voltages generated
on the testing electrodes. The fre~~ueocy and voltage of the noise is
nearer as the testlll~ electrodes arc closer in p(Wtl()n C() WlCh
(>Chl.'I'. 15 Consequently) it is preferred to calculate a difference of
VICerIl~ltlll~; current voltage between the testing electrodes closer in
position to each ether. Incidentally, the alternating current voltage
generated on Chc testing electrode 6303 differs in waveform depending on an
operatinh state of the pixel. For this reason, the calculated difference of
alternating current voltage includes, as 20 information) an operating state
of the pixel. Consequently) the signal having) as information) a calculated
difference of alternating current voltage (operating information signal)
inclms, as information, an operating state of the pixel. Th~operation
information signal is inputted to a selector circuit 6313. The selector
circuit 6313 is supplied) thrOU~h Che illeaStICli1?.; scquencer 6300 25
with the 111fOri11aC1()n ()f a posltloIl Of a pixel Selected by thl.` panel
dlSplay SeqLIeLICe1' 6309) position of a pixel electrode being superposed
with c ach testing electrode 52   6303 and ratio of an area of
superposition. The selector circuit 63l3 inputs an operation information
signal correspondin g to the selected pixel of among a plurality c>f input
opcratmn information signals) to a signal analyzer 63 l~. The signal
analyzer 63l4 amplifies the input operation information si~;lzal and 5 then
A/D-converts it into a digital form) followed by operation processing.
Incicientally) the A/D conversion is not necessarily rc~~uirc~l) anal the
operation process may he by analog. The operation process is carried out in
or~lcr to analyze an operating state of the pixel heing superposed with the
testing electrode during monitoring. A~cordinnly, it is possihle for a
designer to properly select a content of 10 the operation process. The
operation information signal) after the operation process) is inputted to
the measuring controller 6306. Then) the handler I/F 6307 changes the
positron of the second testing substrate 63I5 relative to the device
substrate 6302. The foregoing operation is 15 repeated plurality of times
to input a plurality of operatlc>Il 111f()I-lllatl()Il SlgIlalJ
operation-processed to the measuring controller 6306. The measuring
ccmtroll~r 6306 specifies a state of each pixel and determines a
normality/ahnormality of tht pixel from the position and ratio in area of a
pixel eleCCrode sLlpl:rpoSld Wlth e;lch testing electrode durinb monitoring
slid the input operaCloll 111for111aClon signal 20 operation-processes.
Note that the test apparatus of the inventiem is not lunlted to the
configuration shown in Fib. i~. The test apparatus of the invention
satisfactorily  has means to generate an alternating current voltage)
Illealls to supply voltage, 



without contact) to an interconnection and circuit e1e111enC of the device
suhstratc) 25 mean 5 to react, without contact, a voltage applied to the
pixel electrode of the device substrate) and means to control a position of
the Avlce substrate. 53   Furthermore, it is satisfactory to specify a
pixel state from an alternatinG current vc)Ita~;e read, without contact)
and further to determine a ne)rmality/ahnormality c)f the pixel.
[Embodiment 3] 5 TI115 eI116od1I11eI1C explains a detailed Conflguratl()n
()f a s1~;11a1 pr()Cess111G circuit c)f the test apparatus shown in Fig.
I3. NoCe thaC Che sl~I1~11 processin;~ circuit Of the CeSC apparattl5
SlloWn 1I1 Flg. I4 may have a Cl)Llfl~rT,Llratl()Il 511()w11 111 Chl
e1116od1n1enC. j Fig. 15 shows a circuit diagram of a signal pl'C>CISSII1~
circuit of thu 10 embodiment. The signal processing circuit 312 shown 1I1
FiG. 15 has a plurality c)f differential amplifiers 350-1 to 3S0 y-1
corresponding to testing clectrocies 303 (E 1 to Ey) in the number of y.
The alternating CtICCeIIC voltages Generated cm the teStinG electrodes am
respectively inputted to non-Inverted inputs (+) of the differential
amplifiers. To 15 an inverted input (-) of each differential amplifier is
applied all alternatlnG current generated on the testing electrode
different from the testinG electrode correspc)ndinG to the non-inverted
Illptlt (+). In this embodiment, the voltage of an alternating current
Generated on the testing electrode Ei (i = any one of 1 to y - I) is
provided to the non-inverted input 20 (+) of the differential amplifier
350_i. The voltage of an alternating current generated on the testing
electrotae >ri+ 1 (i = any one of 1 to y - 1) Is provided to a second
terminal cf the differential amplifier 350 i+ 1. Each differential
amplifier inputs an operation information shnal) as an output, to the
rear-staged selector circuit 313. An operatinG state of a pixel superposctl
with 25 each testing electrode can be confirmed from the operatic)n
information signal 54   outputted from the differential amplifier.
Specifically, an operating state elf a plXel can be confirmeLl from a value
or waveform of a volta;~e possessed by the operatl()Il 111for111aClon
sl~rlal. However) Che pixel superposed w1C11 Clle Cl'.~C1I1~! eleCCrode hV
Call be confirmed In LtS operating state from an operation inti~rmatlon
signal outputted 5 from the differential amplifier 350 y-1. Meanwhile) a
dummy testnlg electrode may be prepared to proviLle an alternating current
voltage gen erateLl on Che tcstln~ electrode Ey to an non-inverted input
(+) of a separately provided differential amplifier and a voltabe of the
dummy testing electrode to Che seCOlld terllllnal. Furthern lore) a ~iununy
pixel) not for use in actual display hut fr the purpose of test) 10 may be
provided in the pixel region so that the dummy pixel can lie superposed
with the dummy testinh electrode. The operating state of a pixel superposed
with the testing electrode E 1 1, included, as information, in an operation
information signal outputted frinll the Llifferential amplifier 350_1. The
operating state of a pixel superposed with the 15 testing electrode Ej (j =
2 to y - 1) is included, as ulformatlon) in an operation lllfoClllatloll
slgllal oLltputted from the differential alllpllflers 350J- ~ alld 3 ~0 J.
The operating state of a pixel superposed with the CCSC1I1~; electrode Ey
is included, as information, in an operation information signal outputted
from the Llifferentlal amplifier 350 y-1. 20 Incidentally, it is possible
for a designer to properly set a criterion as to whether a pixel is
considered not normally operating depending upon what degree the operating
state of the pixel differs frc :: the normal operating state c>f the normal
pixel. Note that the signal processing circuit to he used 1I1 the
111Vent1()Il 1S L1()t 25 limited to the configuration shown in Fig. 15.
ThlS elllbodllllent Can be Lmplemented i11 free Con lblnatloll wlCh
Embod1111e11C 



55   1 or 2. [Embodiment 4~ Tills elllh(1d1111e11C explains a detailed
COLIfI~LICaCI()11 (>1 a sihnal procuann~; circuit of the test apparatus
shown in Fig. 13. Note that the signal processing circuit 5 of the test
apparatus shown in Fig. 14 also may have a configuration shown in this
e111boC111IlenC. Fig. 16 shows a circuit diabram of a sihnal prclccsslll~
circuit of this elllbodllllent. ~ The signal processing circuit 3l2 shown
in Fig. 16 has) correspondingly to testing electrodes 303 (E1 to Ey) 1I1
the ntllllber ()f y) a plurality 10 of primary LIIdtICClol1 Coils 360-I to
360 y - 1, a plurality of secondary inuuction coils 361-1 to 361 y - 1 and
a plurality of capacitances 362_ 1 to 362 y-1. The primary and secondary
induction coils of Clllb elllb()d1111e11C (referrml collectively to as
induction coils) may each be or not he pravnlc~i) at a crater) with a
magnetic member. Meanwhile) the interconnections p()sSessed by' Che 111
(tiCCl(111 15 coils may be or not be on the same plane. The alternating
current voltages generated cm the tcstln~; clcctro~les arc respectively
inputted to first terminals of the primary induction coils. To a second
terminal of each primary induction coil is applied an alternating current
generated on the testing electrode different from the testing electrode
corresponding to the 20 first terminal. In this embodiment, the voltage of
-an alternating current rienerated on the testing electrode Ei (i = any one
of 1 to y - 1) is provided to the first terminal of the primary induction
coil 360-1. The voltage of an alternating current ~;cneratc~l cm the
testing electrode Ei+ 1 (i = any one of 1 to y - 1) 15 provided to a second
25 terminal of the primary induction coil 360-i+ 1. 56   The primary
induction calls 360-1 to 360 y - 1 and Che seC()IW lary 11W lLlctl()I1
coils 361-1 to 361-y - 1 arc rcspectlvcly superpOSCd t()gethcr. The
capacltancm 362-1 to 362 y - 1 arc respectively formed between the first
~n~l sccemd terminals of the secondary inductlOn coils 361 1 to 361 y - 1.
5 The voltages generatecl on the first terminals elf the secondary
111l1LICt1()Il C()Ih 361_ 1 to 361 y - 1 arc all applied) as operation
Inti)rmation slhnal voltages, to the selector circuit 313. A constant
voltage (ground voltage In Flg. 16) is provided tc) all the second
terminals of the secondary induction coils 361-L tO 361 y - 1. An operating
state of a pixel superposed with each testln g elcctrOde can h~ 10
C()IlfIrIlled fr()111 Che Up(:ratl()11111f()rlllat101151gnal gener~ltc~i
()Il C11('. f1I'SC C(:r111111L1~ l)f the secondary induction coil. However)
the pixel superpOSCd with the tcstill~ electrode Ey can be confirmed in its
operating state from <111 ()peratll)11 illt()1'1111Ct1111 signal generated
on the first terminal of the seconciary inducticm c()11 361y - l . 



lVleallwhll(', a dLllllllly tC5ClIlg electrodC play 1W pi'l.'IOlrt'.d tO
provide a11 15 alternating current voltage generated on the testing
electrc)de Ey t<) a first terminal of a separately provicieci primary
induction coil and a voltage Of Che 1111111111y tt'.Stlll~; electrode to
the second terminal of the primary induction coil. An Operating state of
same can be confirmed from an operation information signal venerated On the
first terminal of a separately provided secondary induction coil.
FurthernW)rc) a 20 dummy pixel) not for use in actual display but for the
purpose of test, may he provided in the pixel region so that the dummy
pixel can be superposed with the dummy testing electrode. The operating
state of a pixel superposed with the testing electrode E 1 is included) as
information, in an operation information signal generated on the first 25
terminal of the secondary Induction coil 361-1. The Opcratln g state Of a
pixel superposed with the testing electrode Ej (j = 2 to y - 1) Ij
111Clllll('d, as lllf()rIllatl()11) 57   in an operation information signal
generated on the first terminal of the secondal-~~ induction coil 361 ~ - 1
and first terminal of tile seccmdary induction coil 361 J. The operating
state of a pixel superposed with the testinh electr()de Ey is includ ed, as
infc)rmatlon) In an operation information signal generated on the flCSt
Cl'.rllllilal 5 of the secondary induction coil 361 y - 1. It is possible
for a designer to properly set a criterion as to whether a pixel is
consttlered not normally operating depending upon what ~ichrcc the
opcratin~; state of the pixel differs from the normal operating state of
the pixel. Note that the signal processing circuit to be used in the
LllVenClC)tl 15 ll()C 10 limited to the configuration shown in Fig. 16.
This embodiment can be implemented in free combination with
Elllb()d1111eI1C lor2. ~Elllbod1111(:nC 5 IS ThIS eIllbC)dllllellt
eXplallls a detalled configuration of the waveform shaper Clrctllt Ln
E111bo1hI11e11C Mode 1, wlth tlslng Flg. 17. NoCe Chat Chl'. waVefoClll
Shaper circuit of. Embodiment Mode 2 also may have a configuration shown in
this embodiment. Fig. 17 shows a form of connection of between the signal
source 201 ) the 20 primary coil formed region 10l ) the secondary coil
formed region l 17 and the waveform shaper circuit 116a that were shown in
Fig. 3. The primary coil formed --regi(m 101 is provided with a plurality
of primary coils 206. The secondary c()il formed region 117 is provided
with a plurality of secondary coils 207. Each primary coil 206 is inputted
with a testing alternating current sihnal from 25 Che SLgIlal source 20l.
Specifically) a testing alternating current signal voltage is applied from
the signal source 20l to between two ternllnals possessed by the 58
primary coil 206. When an alternating current signal is inputted to the
primary coil 206, an alternating current voltage, or electromotive force)
is generated c)n the correspondini; secondary coil 207. The alternating
current vc~lta~;e is applied to the waveform shaper circuit 116a. 5 The
waveform shaper circuit 116a is an electronic circuit used to form <)r
shape a waveform of a C)t1a11C1ry varying in time) i.e. voltage or current.
Fig. 17 has resistances 501, 502 and capacitors 503) 504 to constltutc all
mtegratu)n-type waveform shaper circuit 116a by the combination of the
circuit elements. The waveform shapex circuit) of course) is not limited to
the configuration shown in Fig. 10 17. Meanwhile) similarly to the power
source circuit) a wave-detecting circuit using diodes play be used to shape
waveforms. The waveform shaper circuit 116a used in the inventicm generates
and C)LICptItS, specifically, a clock signal (CLK)) a start pulse shnal
(SP) or a video signal from an input alternating current electromotive
force. 15 The waveform shaper circuit 116a can generate a signal in an
arhitraly ti)rm WlChotlC 111111Ced CO the above signals. The signal CO hC
gl'.11(:raCed hy' ChC WalVC f()I'lll shaper ci>:cuit 116a is satisfactorily
a signal for confirming an operating state of the pixel. 



The signal output from the waveform shaper circuit 116a is inputted to the
20 rear-staged circuits, e.g. signal line drive circuit 11 l ) scanning
line drive circuit 112 and pixel region 113. 111S (:111~)OC1i111enC Can be
implemented in free combination with EIllboCllIlll'.Llts 1 t0 4.
~ElllbOl~lllllt'.nC 6~ 2S Thls elllb()dllllent explains a detailed
configuration of the rectifier circuit 116h 59   in Embodiment Mode 2) with
using Fig. 18. Note that the rectifier circuit of Embodiment Mode 2 also
may have a configuration shown In thl5 e117bt)d1111enC. Fig. 18 shows a
form of connection of between the alternating current pcnv er source 202,
the: primary coil formed region 101) the secondary ccnl formmi region 5 117
and the rectifier circuit 116b that were shown m Fig. 3. The primary coil
formed region l01 is provided with a plurality of primary coils 206. The
secondary coil farmed region 117 is provided with a plurality of secondary
coils 207. Each primary coil 206 is inputted with a testing alternating
current signal frcnn the alternating icurrent power source 202. ~7Uhen an
alternating current signal is 10 inputted to the primary coil 206) an
alternating current voltage) or clectronu~tivc force, is generated on the
corresponding secondary coil 207. The alternating current voltage is
applied to the rectifier circuit 116b. Note that the rectifier circuit in
the invention means a circuit to generate a direct current power voltage
from a supplied alternating current voltage. The dvrcct 15 current dower
voltage means a voltage kept at a constant height to he provided to a
circuit) circuit element or pixel. Th4 rectifier circuit 116b shown in Fig.
18 has diodes 601, a capacitor 602 and a resistance 603. The diode 601 is
to rectify an input alternating current voltage and converts it into a
direct current voltage. 20 Fig. 19A shows a change in time of an
alternating current voltage prior to rectification in the diode 601. Fig.
19B shows a change in Clllle of the voltage after rectificatiat~-As can be
seen from the comparison between the graphs of Figs 19A and 19B) the
voltage after rectified takes zero or a value having one polarity at an
interval of a half period) so-called a pulse voltage. 25 The pulse voltage
shown in Fig. 19B is difficult in use a5 a power voltage. Conscduently)
usually the pulse LS stlloothetled and converted into a direct current 60
voltage by being stored on a capacitor. However) in orcler to form a
capacitor with a lathe capacit~~ sufficient for smoothening the pulse by
the use of a C11111-f11111 Semiconductor, there is a need to impractically
greatly increasing the area of a capacitor. Accordingly) the invennon)
after rectification, comblncs (adds) together 5 the pulse voltages
different in phase thereby 511100Ch1'.11111~ the volta~;c. The above
configuration can sufficiently smoothen the pulse even where Chc capacitor
Is s111aI1 in capacitance. Furthermore) the pulse can be sufficiently
slllt)e)ChcllcCl without positively provicling a capacitor. In Fig.
18,~lternating current signals different in phase are respectively input 10
to four primary coils thereby outputting four pulse voltages different in
phase from four diodes 60l. The four pulse voltabes are added togethc;r to
form a direct current power voltage having a height maintained nearly
Constant that is to he outputted to the rear-staged circuit. 



Although Flg. 18 formed a power voltage by auding tc>gcth~r the four pulse
15 signals different in phase. outputted from the four diodes 60I, Che
iIlvelltlc)n 15 Ll(>C hI111tCd to this configuration. The number of phase;
division is not limited to this. The number of phase division is not
limitative provided Chat Chc output from the rectifier circuit is
smoothened to such an extent that is usable: as a power voltage. Figs.
20A-20C show a change in time of a power voltage obtained by adc.~ing 20
together a plurality of rectified signals. Fig. 20A shows a11 example that
one power voltage is generated by adding together four pulse voltages
different in phase. Because th-~ rectifier circuit of the invention
generates a voltabc by adding a plurality of pulses together, the voltage
has ripple as a component other 111a11 a direct current. Ripple corresponds
to a difference between the hlhhest voltage anal 25 the lowest voltage. As
the ripple is smaller) the voltage gencratecl in the rectifier circuit
nears a direct current and is easier to use as a power voltahe. 61   Fib;.
20B shows a change in tinge of a power vc7lta~;e e)htained by a~l~ling
toncthcr eight pulse voltahes different in phase. It can be seen that
rlppl~ is s171,lII~I as compared to the time change of power voltage shown
in Fig. 20A. Fig. 20C shows a change in time of a power voltage ohtalne~l
by a~dlin~ 5 together sixteen pulse voltages different in phase. It can he
seen that ripple is further smaller as compared to the time change of power
Voltage shown 111 Fib;. 20B. In this manner, It can be seen that the power
voltage is reducccl In ripple into) a direct curren'~ by adding together a
multiplicity of pulses mutually different i11 10 phase. Accordingly, as the
number of phase division increases, the power voltage c7utputted front the
rectifier circuit is easier to he smoothened. Also) as the capacitance of
the capacitor 602 increases, the power voltaic e)utputte~l from the
rectifier ~ircult is easier to be smoothened. The power voltage generated
in the rectifier circuit 1 16h is c)iltputted through 15 the terminals 610
and 611. Specifically, a voltage approxunate to the ~;rouml is outputted
through the terminal 6l0 while a power voltage having a positive polaC lty
is outpui;tecl through the terminal 611. By connecting the ~lic)u~ reverse
at the anode and cathode, the output power voltage can be inverted in
polarity. The ~lio~lc 602 connected to the terminals 610 and 611 is
connected reverse at the anode and 20 cathode to the diode 601 connected to
the terminals 612 and 6l3. Accordingly) a voltage approximate to the ground
is outputted throuhh the terminal 6l2 while a power voltage h~ing a
negative polarity is outputted through the terminal 613. Incidentally,
various circuits or circuit elements are formed on the device substrate.
The power voltage to be supplied to the circuit or circuit element differs
25 111 helbhC depelldlIlg upon C110 kind or application elf Chi C1rC111C or
C1CCL11C t'.1e1171'L1C. In the rectifier circuit Sh owlt In Flg. 18, the
voltage to be 111pllCCed Co l'.aCh terllllilal 62   can be a(.ljusted in
height by adjusting the amplitude of an input alternating current signal.
Furthermore) the height Of power voltage can he Challge~~ h~' Cha11;~1I1;~
the 



CerI111Ilal c()I111eCCed. Th c rectifier circuit LlSed In Che 111VeI1tioI1
is IloC 111111Ced C() Che 1111f-wile 5 rectifier circuit shown in Fig. 18.
The rectifier circuit used L11 Che InVelltl()Il Illay he a circuit capable
of generating a direct current p()wer Jllpply (r()111 all 111p111
alterllatillg CLIrrenC signal. Flgs. 21 A-21 B show circuit diagrams of
rectifier circuits havill~ c()nfi~;urati()ns of other than that shown in
Fig. 18. The rectifier circuit sllOwn l11 Fig. 21A is a 10 voltage douhler
full-wave rectifier circuit 901 having two diodes 902 and 903. AIsO) the
voltage douhler full-wave rectifier circuit shown in Fig. 2 lA has
capacitors 904 and 905. The position and number of capacitors is not
limited tO the sh()wing in Fig. 21A. The cathode of the diode 90Z and the
anode c)f the diode 903 are bc)th 15 connected to one terminal of a
secondary coil. By providing a plurallt~~ of voltaic doubler full-wave
rectifier circuits 901 to add together the Outputs thereof) it is possible
to obtain a direct current voltage twice as compared tO that Of a half wave
rectifier circuit shown in Fig. 18. The rectifier circuit shown in Fig. 21B
is a bridge rectifier circuit 911 having 20 four diodes 912, 913, 914 and
915. The four diodes 912, 913 ) 914 alld 91 S foClll a bridge. Meanwhile)
the bridge rectifier circuit shown in Fig. 21 B has a capacitor 9l6. The
posltlon c`t~ IlLlIllber Of capacitors is not limited CO that shC)wI1 1I1
Flh. 21 B. ThIS elllbodllllent Can be Imple111enCed In free
C()Illhlllatl()Il WICK Elllbodllll('.11CS 25 1 to 5. 63   [Embodiment 7]
This embodiment explains the testing drive signals and power voltage with
greater c.letail by exemplifying a case with the general light-~mittin~
elevice. Fig. 22 shows a configuration of an OLED panel for the gelll:ral
llghC-e1111CClllg 5 c.lcvicc. Note that Fig. 22 explains an example of a
drive circuit for a llghC-eIIIICCIIlg device to display an image by use of
digital video signals. The OLED panel sh(nvn In Flg. 22 has a signal line
drive circuit 700, a scanning line drive circuiC 701 alll a pixel regicm
702. The pixel 'region 702 is formed with a plurality of signal lines) a
plurality of 10 sCallnlIlg hues and a plurality of power lines. The region
surr()unded by th a shnal line, the scanning Line and the power line
corresponds t() a pixel. Note that Fig. 22 shows representatively only a
pixel having one signal line 707) ()11L SCa1111111g line 709 aIlCi olle
power lllle 708 Of alllollg Che pixels in plurality. Each pixel has a
SwICClllllg TFT 703 as a switch element) a drive TFT 704, a storage
capacitor 705 ami an 15 OLED pixel electrode 706. The switching TFT 703 has
a bate electrode connected to the scanning line 709. The switching TFT 703
has source and drain regions one of which is connected to the signal line
707 while the other is to the gate electrode of the drive TFT 704. 20 The
driving TFT 704 has source and drain regions one of which is connected to
the power line 708 while the other is to a pixel electrode 706. The gate:
electrode of the drive TFT 704 an~the power line 708 form a storage
capacitor 705. Nuts 



that the storage capacitor 705 may not necessarily be formed. The signal
line drive circuit 700 has a shift register 710, a first latch 711 aml 25 a
second latch 7I2. The shift register 7l0, the first latch 711 and C11(:
second latch 712 are each given with power supply. Meanwhile) the shift
register 710 is given 64   with a clock signal (S-CLK) and start pulse
signal (S-SP) for the signal line drive circuit. The first latch 711 is
given with a latch signal to determine the tlmulg of latch and a vulco
signal. When a clock signal (S-CLK) and start pulse signal (S-SP) is
inputtml to the S shift register 710) a sampling signal is generated to
determulc the timing of sampling vicleo signals and inputted to the first
latch 711. The Sa111pllllg signal from the shift register 710) after
buffer-amplified by a buffer or the Ilke, may be inputted to the first
latch 711. TL1C: lIltl:rcollnl'.CC1L111 (111t() which a sanlpll,~g signal
is inputted is connected Wlth many circuits or circuit 10 elements and
hence: great in load capacitance (parasitic capacitance). The huffier Is
effective for preventing against the "blunt" of rise or fall in the
t1L11lIlg Slgllal caused due to great load capacitance. The first latch 711
has a plurality of stages of latches. The first latch 711 SanlpleS all
lllpllt VldeO Slgllal In SynchronlSm wlCh all lnpLlC Salllp1111g Slg11a1,
alld 15 stores it m the sequence of latch to each stage. Referred to as a
line period is a time required to Write a video signal to all the staged
htches of the first latch 711. Actually, the line period) 111 5(1111e
Cases) includes the line period added with a horizontal return period.
After terminating one line period) a latch signal is inputted to the second
latch 20 712. At this instance, the video signal written and held oIl the
first latch 711 is sent at once to the second latch 7l2) and written to and
held on all the staged latches of the second latch 7l2. The first latch 711
having sent the video signal to the second latch 712 is sequentially
Written by a video signal depending L1p011 a Salllphllg signal from the 25
shift register 710. In the second line period, the video signal written and
held on the second 65   latch 7l2 is lllptlCCed onCO Che SOLIrCe SlgIlal
line. G11 Che ()CheC hallCl, Che SCaIlnlllg line drlVe ClrCUIC (0 i 1i15 a
ShIfC Cl'.,~..',ISCI:r ( ~ and a buffer I22. The shift register 72l and the
buffer 722 are ~IV~n With a pl)Wer supply. Meanwhile) the shift register
72l is given with a clock sihnal (G-CLK) and 5 start pulse signal (G-SP)
for the scanning line drive circuit. The polder line 708 is applied with an
alternating current voltage. When a clock signal (G-CLK) and start pulse
signal (G-SP) is inputted tc) the shift register 72 l ) a select signal for
de termining the timing of scanning Mlle selectle)n is generated and
inputted to the buffer 722. The select sil;nal inputted to the buffer 



10 722 is buffer-amplified and inputted to the scanning line 709. The
selection of the scanning line 709 turns on the switching TFT I03
CollIleCCell at its gate electrode to the selected scann In g, line 709.
The video synal inputted to the signal line is inputted to the gate
electrode of the ~lrivul~; TFT 704 ChroLlgh Che Sl.VICChlllr; TFT 703
Cllrlled C)n. 15 The dr1V1I1g TFT 704 is controlled In 1Cs SW1CCI11I1~ otl
Che l7asls (>1 Cie information 1 or 0 possessed by the video signal
inputted to the gate clectrc)de. When the c.~(rivina TFT 704 is on) an
alternating current voltage on the power lure is provided to the pixel
electrode. When the driving TFT 704 is off, the alternating current voltage
on the power lint is not provided to the pixel electrode. 20 In this
manner) when the signal line drive circuit 700) scanning line drive circuit
70l and pixel region 702 operate) an alternating current voltage i5 applied
to the pixel electrode whereb.~ an alternating current vc)Itage including
the operation information of the pixel generates on the testing electroc.Ie
730. Pixel operation information is confirmed and pixel
normalit~-/abnc)rmality is determined 25 on the basis of the alternating
current voltage generated on the testing electrocle 730. 66   Furthermore,
even where a faulty generates on the drive circuit but th vrc is no defect
in the pixel, the vc)ltage applied to the pixel clcctrc)de varies in value.
Accortllngly, it is p(lsslblC t0 llCCl:rllllne a
Ilor111allty/abll()I'111a11Cy c)f the drlm circuit. 5 In tile case of the
OLED panel shown in Fig. 22, S-CLK) S-SP, G-CLK, G-SP) latch signal and
video signal are inputted as testing dr ivc si~;llals to the circuits. Note
that the tl:Stlll~ drive signals are not limited to the allovc signals. Any
drivcrelated signal can be used as a testing drive signal. For example,
besides the foregoing signa~s) inputted may be a signal to determine a
timing c)f swiCChillg a 10 scanning direction on the scanning line or a
signal to switch an input direction of a select signal to the scanning
line. However) it is vital to input 511C11 a SIhIlal as can CoIlf1rI11 all
operatlllg staCe Of a plXel CC) bl: Cl'.JCI'.d ()I' Call dl'.Cerll)llll: ;1
normality/abno rmality thereof. In the case of testing part of the pixels
possessed by the OLED panel in 5tcad 15 of testing the all thereof, it is
satisfactory to input only such a drive signal as to drive only the part of
the pixels. There is no need CU always nlput all c)f the forcgolll~; drlVe
Slg);lalS. Note that) where a power voltage is generated by aclding
together pulse signals different in phase) the number of primary coils
differs depending upon Che lltllllbcr 20 of pulse signals to be added. The
test apparatus and method of the invention is not limited to the OLED panel
having the configuration shoal n Fig. 22. This embodiment can be
implemented in free Co111b111aC1C)Il wLth Elllb()dlllll'.nCs 1 to 6. 25
~E111bOC~1111~t1C ~~ 67   This emhoduncnt explains on cutting a substrate
of after test to form a plurality of display SuhStrate by the use of a
lame-sized Substrate. Fig. 23 shows a top view of a large-sized substrate
hetc)re cut in thl5 



(:mhodiment. 100l is a pixel rl:glOll) 1002 is a scanning IIIl(: drive
clrcult, and IOO3 5 is a signal Line drive circuit. Also, the region shown
at l004 is formed with the circuits or circuit elcnlents to be used only in
a test process hilt not used after C()111pha1Ilg the test, i.e. a plurality
of secondary crnl5) waveti)rm shaper circuits) rectifier circuits,
exclusive test circuit and so on. In Fig. 23y by cutting the substrate
along the line sh()wn at the dotted laic, 10 nine display substrates are
formed from one substrate. Incidentally, althou;~h this elllh()di111e11C
shows the example to follll 11111e display Jll11iC1'~1CC.'1 f('()111 ()11e
SLIhStraCe) C1115 e111hod1111enC 1S n()t hllllted t0 (111S nu111heT. Note
that cutting is made to physically, electrically di5c()Illl(:ct Chi:
seC()Il lary CC>ll alld connector dllrlllg ClICtIIIg. In Flg. 23, the rer;
l()Il 1004 IS pr()Vldl:d ()Il t11(: 15 side of a substrate not to be used
for display after cuttm~,. Explanation is made) as to how to cut the
lame-sized Substrate) on all embodiment different from Fig. 23. In Fig. 24)
110l is a pixel re~;ioll, 1102 1~ a scanning line drive circuit) and 1103
is a signal line drive circuit. The region Shown at 1104 is formed with the
circuits or circuit elements to be used only i11 a test 20 process but not
used after completing the test) i.e. a plurality of Secondary c()ils)
waveform shaper circuits, rectifier circuits, exclusive test circuit and so
on. 111 Flh. 24, by CLltClnb Chi'. SllbstraCP zlOllg CI1C Illl(' S11()wll
aC Cllt'. dott('.ll 1111L) 111I1e display substrates are Earn led from one
Substrate. 1 nCldC'.ntally, alCh()LI~11 ChlS enlhodllllellt Shows the
example to form nine display SLIhSCraCeS (r()111 ()11L SllbsCraCe) 25 this
embodiment 1S Ilot limited to this number. Note that cutting and breaking
is made to physically, clectrlcally dISC()t111CCC 68   the secondary coil
and connector during cutting. In Fig. 24, the region 1 l04 is provided on a
cut line of the substrate) and cut and broken after- test. BeCauSe the
circuit or circuit element formed in the region 1104 15 110t 11l-'CC55a1'~~
afCer tesC) nu trouble occurs in operating a completed semiconductor
device. 5 The waveform shaper circuit or the rectifier circuit) after cut)
may he left cm  the substrate to be used as a semiconductor device or on th
a substrate not to be used as a semiconductor device. Otherwise) the
circuit, after cut) Illay he broken. This embodiment can be implemented in
free COIl1b111aC1O11 wLCh the configurations~f Embodiments 1 to 7. 10
~E111bOd1111enC 9) T1115 elllbodllllellt eXplaills Che Operation Se
C1t1e11Ce IIl the test process of the invention, by using a flowchart. Fig.
25 shows a flowchart of a test process of C110 IllventlOn. First, after
completing the fabrication process prior to test) testing power voltage or
drive signal 15 voltage is applied) without contact, to a circuit element
oL III CI:CCOI111ecClon of the device siribstrate. As~a result, the pixel
as a subject-of test makes a certain operation to generate an alternating
current voltage having the information of a pixel operating state on the
testing electrode superposed with the pixel. The alternating current
voltage is 20 monitored plurality of times while changing the position of
the testing electrode. On the basis of the alternating currel~ voltage
generated on the testing electrode) a pixel operating state is confirmed
and a pixel il()r1111111ty~ab11oC111aI1Cy is determined. Incidentally pixel
operating state is not necessarily screened into two 



of normality and abnormality but may be screened into a plurality of ranks
based on 2~ the operating state. 69   Mteanwhile, it is possible for a
practitioner tc> properly set a ~I~tcrmination criterion as to pixel
normality/abnormality. In C110, Case. ChII'e ai'l.' S()llle` plxcls
determinecl abnormal, the practitioner is allowed to properly set whcth cr
to determine the device substrate unacceptable or not. It is possible to
detcrmlnc 5 abnormal where there is even one abnormal pixel) or oth crwisc)
it is possible to determine abnormal where there are a constant number of
abnormal pixels. In the case of determining normal) the test is considered
ended at that time to C()Illllll'.IlCe a fabrication process of after the
test process. Where determined abnormal) selection is mace for renewal from
the process 10 not to complete as a product (lot out) or to specify a cause
of abnormality. Note that, where a plurality of products are to be
fabricated from a large-sized substrate) lot-out will be entered after
cutting the substrate:. Where a cause of abnormality is specified and
repair I5 de C1'.1-Illlned possible) the test process of the invention can
be a;ain made after repair to repeat the forc~oin~ 15 operatio~l.
Conversely) when repair is determined 1111posslbl~, lot-out is cntcrccl at
that time. This embodiment can be implemented in free C()lllblllatl()11
wlCh Ch(.' configurations of Embodiments 1 to 8. [Embodiment 10] ZO This
embodiment explains in detail the connection between a coil used in the
invention) a terminal possessed by the coil -aid MIl Illtl'.rCOnIlI:CCLC)n
(coil interconnection) . In Fig. 26A, a coil 160l is formed on an
insulation surface and an interlaycr insulation film l603 is formed
covering the coil l601 cm 011C LI1SLI1<1CI()I1 surface. r1 25 contact hole
is formed in the interlayer insulation film) to form on the intcrlaycr 70
insulation film a coil interconnection 1602 connecting to the call 1601
through the contact hole. Fig. 26B is a sectional view taken on the broken
line C-C' In Fig. 26A. In Fig. 26C, a coil interconnection l612 is formed
on all lnstllaCloll stICtaCt',. 5 An interlayer insulation film 1613 is
formed covering the coil interconnection 1612 on the insulation surface. A
contact hole is formed 1L1 Che IIICeClayl'.r tnstllaClc)II film) to form on
the interlayer insulation film a coil 1611 C()Illll'.CClllg to the cc)il
interconnection 16l2 through the contact hole. Fig. 26D i~ a sectional view
taken on the broken line D-D' in Fig. 26C. 10 Note that the manufacturing
method for a coil used 1I1 ChC'. IIIVeIIClol1 is 11()t II1111tC'c.~ to Che
above Illethod. By patterning an insulation film, a vortex grc)ovc is
forllll'.d. A conductive film is formed covering the ~C()()Vt.' ()I1 C110:
LIlSUlatlc111 film. Thereafter, the conductive film is polished by etching
or CMP process until tlm insulation film is exposed to thereby leave the
conductive t11111 Only 1I1 the groc)vc. 



15 The conductive f11111 left m the broove can be used as a cc)ll. ThIS
elllbodllllent Can be llllplelllented L11 freC: C()I11b1Ilatloll wlCh Chi'.
configuraxions of Embodiments 1 to 8. [Embodiment 11] This embodiment
explains a method to conduct a test as to whether each pixel 20 normally
operates or not, by the use of a Walsh function, in E111bod1111e11C Mode 1.
This embodiment explains with an example in the case of a Ilght-cnuttuig
device haVlllg 4 x 4 pixels. For the light-emitting device having 4 x 4
pixels) detE'.rI111Iled are sixteen function groups of V~~p(4, 4) to W33
(4) 4) (hel'elllaftel') 25 abbreviated W~~ to W33) in the number of 16. 71
Fib;. 27 concretely shows the positron of pixels Operated by the use of the
function ;;roups Woo to W33. Note that the piXel shown white and the pixel
sh(nvn with haCChlIlh are different in value of the voltage applied t() the
pixel electrode thereof. 5 In the case of operating the pixels in order by
usin;~ the functi()n ~;r(mp W~,~ t<) W33 in the order, the pixels in the
number of 4 x 4 are different in operati()n ()ne another. Consec.~uently,
even where the testing elcctr()de is su~~crposed with pixel eIeCCI'oCles
baled o11 the pLXels haVlllg Che Same SCa11111I1;~ lLlle) CeSC Can 171'.
CoI11111CCe11 as to whether tach pixel is in normal operation or not. 10
CoIISICIeCaCloI1 15 Lllade to the plXels on Che flCSt 11111;, for example.
ILl the E7lxel ( 1, I), provided that the case the pixel is shown white is
denoted O while the case Che pixel is shown by hatching is CleIloCed X, Che
sllUwlll~ 1S wlCh O t11 all the C<lses. The pixel (2, 1)) for example) is
shown as OOXXOOXXOOXXOOXX t11 the ()rcler. The pixel (3) 1) is shown as
OXXOOXXOOXXOOXXO in the Order. The pixel 15 (4) 1) is shown as
OXOXOXOXOXOXOXOX in the Order. When all the pixels normally operate, the
number of O l11 the pixels ()n Che first line based on each function is
expressed as 4) 2, 2) 2, 4, 2) 2) 2) 4) 2, 2, 2) 4, 2) 2, 2 in the order.
When, for example) the pixel (2) 1) does not normally operate tO make
display as shown by hatching at all times) the number of O in the pixels on
the 20 first line based on each function is expressed as 3, 1, 2) 2, 3) l )
2, 2) 3, l, 2, 2) 3) l ) 2, 2 in the order. Accordingly, by comparing the
case all the pixels normally operate) the pixel (2) 1) can be presumed not
in normal~eratiOll. Although this embodiment used the Walsh fllnCClol1 111
the CVVO dtI11eI1s1()11s, C11(: pIXelS Lllay be operated by using Che Walsh
f)_lnctl()11 1I1 olle d1111e11S1o11. 1I1 Chls 25 case, in the foregoing
light-emitting device having the 4 x 4 pixels) it is p()ssible t() test an
operating state by the use of four function groups. 72   Thls
elllb()d1111e11C Can be implemented in frl:e C()111blIlaC1()I1 WICK the
CU11f1~11raC1()n~ ()f E171hod1WenCS 1 to 9. The invention, by the above
structure, camietermine a (1()r111a11C~'%~1711()C111a111C)' of a pixel as a
subject-of-test without the use of a probe directly on an 5 interconnection
or probe terminal. It is accordingly possible to prevent against the yield
lowering in the later process due to the fine dust caused Upon using a
probe. Furthermore) because the normality/abnormality m every pattern
tormlng process can be determined by one test process, the test process can
he sunplifimi. 73   WHAT IS CLAIMED IS: 1. A method of measuring a voltage
comprising: applying a voltage to an interconnection or circuit element in
a pmel without contact to thereby apply a voltage to a pixel electrode of
the pixel; and 



S reading the: voltage applied to the pixel electrode without contact. 2. A
method of measuring a voltage comprising: appl~ing a voltage to
interconnections or circuit elements respectively in a plurality of pixels
to thereby apply voltages to pixel electrodes respectively of the pixels
without contact; and 10 reading a sum of the voltages applied to the pixel
electrocles respectively of the pixels without contact. 3. A illethod of
measuring a Voltage CO111pClslilg: applying a first alternating current
voltage to between two ter111111a1s of a first coil; 15 superposing the
first coil and a second coil together th rough a CollsCallt SpaClllg;
applying a third alternating current voltage to a pixel electrode of a
pixel by usin g a seconc.~ alternating current voltage generated between
two ternunals of Che seCOnd COII; 20 superposing the pixel electrode and a
testing electrode together through a constant spacing; and calculating the
voltage applied to the pixel electrode from a fourth alternating current
voltage generated on the testing electrode. 74   4. A method according to
claim 3, wherein the third alternating current voltahc is appllcd to the
plwl electrode of the pixel by rectifying Or waVefOrlll-shaplllh Chl.'
Sl'C()Ild altt.`rllatlllr! CLlrCellt and applylllg to an interconnection Or
circuit e1e111e11C L11 C110 plxl'l. 5 5. A lllethod Of 111eaSUrlllg a
Voltage COmpr1s1l1g: applying a first alternating current voltage to
hetwecn two terminals oh a first coil; SLIp('_,f poSlllg the first coil and
a second coil together ChrOll;~ll a Co115Callt spaClllg; 10 applying a
third alternating current voltage tcl pixel electrodes respectively of a
plurality of pixels by using a second altcrnatin~; cur rent vol talc
generated between two terminals of the second coil; SLlpeCpOSlll~; the
pixel electrodes of the pixels and a CCSC111~ clectrc~~lc together,through
a constant spacing; and 15 calculating a sum of voltages applied to the
pixel eleEtrodes respcctivy~ of the pixels from a fourth alternating
current voltage ~;ellerated on the t~stin~ electrode. 6. A method according
to claim 5) wherein the third alternating current voltage is applied to the
pixel 20 electrodes respectively of the plurality of pixel by rectifying or
wavefornl-shaping the second alternating current and applying to
interconnections or circuit elements respectively in the plurality elf the
pixels. 7. A lllethod according to Clallll 3 or 5, 



75   wherein the first coil and the second COLI haVl LIlCercol111eCC1o115
fernle~l O11 a sa111e plane, alld wherein each of the interconnections is
formed 111 a vortex form. 8. A method according claim 3 or 5) 5 wherein the
first coil and the testing electrocie arc f()rnled on a first insulation
surface) wherein the second coil and the pixel electrode arc formed on a
second insulation surface. 9. A 111ethod according to claim 8, 10 wherein a
spacing between the first insulation surface and the second insulation
surface is controlled by flowing a fluid between the first insulation
surface and the second insulation surface. 10. A method according to claim
3 or 5, ~, wherein the pixel or each of the plXelS is dC Cer1111I1ed f(11 a
15 normality/abnormality by using a voltage applied to the pixel electrode
or a sum thereof obtained using the voltage measuring method. 11. An
apparatus for electrically testing plXels 111 a se1111coI1dllCCOr
(.~leVlCe) the electrical test apparatus comprising: a primary coil; 20
means for superposing the primary coil and a secondary coil in the
semiconductor device together through a constant spacing; means for
superposing a pixel electrode of the pixel and a testing 76   electrode
together through a constant spacing; Lllealls for applying an altcrnatulg
CIIrrC'.I1C voltage to between two tcrmulals of the prunary coil; and means
for confirming an operating state of the pixel from an alternating S
current voltage generated on the testing electrode. 12. An apparatus
according to claim 11, whereby the alternating current voltage generated on
the tcstulg electrode includes an operating state of the pixel as
informati<)n. 13. An apparatus according to claim 1 l 10 wherein the
spacing between the primary coil and the sec()ndary cool la controlled by
flowing a fluid between the primary coil and the secondary coil. 14: An
apparatus according to claim 1 l, wherein the first coil has an
interconnection formed o11 a sallle plane, and 15 ~ wherein the
interconnection is formed in a vortex form. 15. A method for manufacturing
a semiconductor device comprising: forming a pixel electrode and an
interconnection or circuit c1e111~11C; applylllg a voltage to the
interconnection or circuit elemellC wlth()Llt contact to thereby applying a
voltage to the pixel electrocie; and 



20 reading the voltage applied to the pixel eleCtr()dC wlth()Llt CoLItaCC.
16. A method for manufacturing a semiconductor dwice comprising: 77
forming a pixel electrode, an interconnection or circuit clement) a fiat
coil and a second coil; applylIlg a first alternating current voltage to
hctwcen two terminal, of the first coil; 5 superposing the first coil and
the second coil tcycthcr throu~;l1 a constant spaClllg; applying a third
alternating current voltage to the pixel electrode by using a second
alternating current voltage generated between two terminals of the second
coil; 10 superposing the pixel electrode and a testing electrode tonether
through a constant spacing; and calculating the voltage applied to the
pixel electr<ole from a fourth alternating current voltage generated on the
testing clcctroc.(c. 17. A method according to claim 16, 15 wherein the
third alternatinh current valtaric is applied to th c ptx~l electrode'by
rectifying or waveform-shaping the second alternating current voltage and
applying to the interconnection or circuit element. 18. A method of
measuring a voltage comprising: applying a voltage to an interconnection or
circuit ('.1'.111('.11t for 20 controlling a voltage to be applied to a
plurality of pixel electrodes; i11oV1Ilg a testing electrode while being
superposed with at least part of the pixel electrodes through a spacing;
and calculating a voltabe applied to each of the pixel electrodes from a
voltage on the testing electrode and a position of the testing electrode
relative to 78   the pixel electrodes. 19. A 111eChC)d aCC()rC'11I1~ Co
Clallll 18) whereLIl the voltage is applied t0 the 111CCrC()LlIIeCCI()11
t)1' ClrClllC l'.1C111C:11C without contact. 5 20. A method of measuring a
voltage comprising: applying a first alternating current voltage to between
two terminals of a first coil; superposing the first coil and a second coil
together through a spacing; applying a second alternating current voltage
generated hetw een two 10 terminals Of the second coil to an
interconnection or circuit e1e111e11C fc)r controlling a voltage to be
applied to a plurality of pixel electrodes; L110V111g d CC:SCIIlg electrode
while being superpc)se~l with at Ieast a part c)t 



the pixel electrodes through a spacinb; and calculating a voltage applied
to each f)f the pixel electroc.~es fiom a third 15 alternating current
voltage generated on the testing electrode and a position of the testing
electrode relative to the pixel electrodes. 21. A lllethod according to
claim 20, wherein the second alternating current is applied to Clle
LnterCC)llIleCCi()Il or circuit element by rectifying or wavefornl-shaping
the second alternating Cur rellC 20 voltage and applying to the
interconnection or circuit elelllellt. 22. A method according to claim 20,
where111 the first coil and the second Coil LlaVe 111C(.'1C()1111eCC1(IIIS
formed 79   on a same plane, and wherein each of the interconnections is
formed m a vortex form. 23. A 111eth(7d accordinh to claim 20, wherein the
spacing between the first coil and the sewn cl coil is 5 controlled by
flowing a fluid between the first coil and Che second c(711. 24. A method
according to claim 18 or 20, wher'gin the voltage on each of the pixel
electrodes is calculated ustnh a Fourter tranSf(7r111at1oI1 tllethod uStng
SllCCeSSIVe appr()x1111aC1(711 and pr(7JeCC1(111 S(:CCIOn theorelll oC a
SuperpOSltlon lntegratlOn 111eth(7d. 10 25. An electrical test method
comprising: applying a voltage to an interconnection or circuit
elellll'.11t fc)r controlling a voltage to be applied to a plurality of
pixel electr()des; L110V111~ a testing electrode while being superposed
with at least a part of the pixel electrodes through a spacinb; and 1~
Collftrtlllllg an operating state of Che LllterC(7L111eCC1()11 C)r ClrCUIC
e1e111C',I1C from a voltage on the testing electrode and a position of the
testing electrode relative to the pixel electrodes. 26. A method according
to claim 25) wherein the voltage is applied to the interconnection o r
circuit e1c111e11C 20 without contact. 2 i. An electrical test method
comprising: 80   applying a voltage to an interconnection or cu-cuit
eh'.171C'.I1C for controlling a voltage to be applied to a plurality of
pixel electrodes; Illo vlllg a testing electrode while being superposed
with at least a part of the pixel electrodes through a spacing; and S
CleCer1111111I1g a distribution of a volta~;~ to he applied to the pixel
electrodes from a voltage on the testing electrode and a position of the
tcstuy - electrode relative to the pixel electrodes. 28. A llle~hod
according to claim 27, wherein the voltage is applied CO the
111CerC()1111eCt1()11 ()r circuit ~lmunt 



10 without contact. 29.. A 111CChod according to claim 27) further
comprising: confirming an operating state of the interconnection or cu-cuit
c1e111c11C from the voltage distribution. 30.:An electrical C(:St lllethOd
comprising: 15 applying a first alternating current voltage to hetween two
terminals of a first coil; superposing the first coil and a second coil
together through a SpaClIlg; applying a second alternating current voltage
generated between two terminals of the second coil to an interconnection or
circuit element for controlling 20 a voltage to be applied to a plurality
of pixel electrodes; moving a testing electrode while being superposed with
at least part of the pixel electrodes through a spacing; and confirming all
operaClllg state of the LnCercolllll'.Ctl()tl ()r CICCUIt elcnlcnt 81
from a third alternating current voltage generated U11 the CesClll;~
electrode and a position of the testing electrode relative to the pixel
electr()dcs. 31. A 111eCh()d according to claim 30) further comprlslnh:
determinin h a distribution of a volta~;c to he appl(ed to the p(wl 5
electrodes from the third alternating current voltage, wherein the
operating state of the interconnection or circuit ele(llellt i5 confirmed
from the voltage distribution. 32. A method according to claim 30) wherein
the SeCOild alternating current v()ltagc Is appliecl to the 10
111Ce1CO1111eCC1o11 ()r CLrCI(lt e1e111e11C by rectifying Or
lVaVef()rlll-SlMlp111~ a11(1 Mppl~'llll,T t0 the ln,terCOllneCC1()n OT
ClrCUlt elelllent. 33. A 111eChoCl aCCOrdlllg CO Clallll 30, wherein the
first coil alx~ the second Co(1 have LllCel'C()LlneCC1<)lls formed on a
sane plane, and 15 ~ wherein each of the interconnections is in a vortex
form. 34. A IlleChod according to claim 30) wherein the spacing between the
first coil and the 5C Colld coil Is controlled by flowing a fluid between
the primary coil and the secondary coil. 35. An apparatus for electrically
testing a plurality of pixels in a device 20 substrate) the electrical test
apparatus comprising: a primary coil; 82   IlleaIls for supcrposlng the
primary coil and a secondary ccnl In the Wv~cc substrate together throuhh a
spacing; 171ealls for Jllperposlllg at least a part of pixel ~lectrcoles
respectively of 



the plXelS Wlth a CCStlllg electrode through a spacing; 5 means for
changing a position of the C(aClIl;~ clcc trade relative to th c Emul
electrodes of the pixels; means for applying an alternating current voltage
to hctween two terminals of the primary coil; and meals for confirming an
operating state of each of rh c pixels f1'()111 an 10 alternating current
voltahc generated on the testing electrode. 36. An apparatus according to
claim 35, wherein while superposing the part of the pixel ~icctrcoics
respcctlv~ly of the pixels with the testing electrode through the spacln;~,
the position of the testing electrode relative to the: pixel electrodes of
the pixels is chanhed. 15 37. 'An apparatus accordin; to claim 35, wherein
the spacing between the primary coil e1110 the secon~ial-~- coil i5
controlled by flowing a fluid between the primary coil and the secondary
coil. 38. An apparatus according to claim 35) wherein the first coil has an
interconnection formed on a same plane, 20 and wherein the interconnection
is formed in a vortex torn. 39. A method for manufacturing a semiconductor
clcvicr C<)lllprl5l(1~: 83   forming an interconnection or circuit element,
and pmel electrode to he supplied with a voltage through the
interconnection or circuit element; applying a voltage to the
interconnection or circuit element; Lll()VLIl~ a testing eleCCrOde While
Sup(:rpostIl~~.T, aC (east a part of the p~x~f 5 electrodes through a
spacing; and calculating voltages applied to the pixel electrodes
respectivcly~f the pixels due to a voltage applied to each of the pixel
electrodes, from a voltage on the .testing electrode and a position of the
testing electrocie relative to the pixel electrodes. 10 40. A illethod
accordin g to claim 39) wherein the voltage is applied CO Che
111CC'.rCClnneCC1()ll c)r circuit clelllcllt WLChouC ConCaCC. 41. A method
according to claim 39) wherein the sen 3iconductor device includes a device
sul)strate. 84
.A.l.A.A@{y.Afh.AE.Ay.A.ASh.AfUY.AyA.AyAyr.Af{.AfAf.AA.AyU.A.A,.AA.A@S.AUy.
A{f.Ah.AShl.A@.A.AfU.A,.AS{fy.AyUE.AShY.AS.AA.Ash.A&.Afh.AfAY.Ay.E.Ae.Ae.A@
U2.Ay.E.AfAE.AyhY.A..A9.AA&.A.,.AY.Ay.&.A.AAL.A.A&.Al.AfUl.AE.Ay.E.A@{2.Afh
2.AyA2.A@h2.A.l.AfUY.AyAY.A.Y.A.Ay;y.Ayh.A{2.AAY.AfUE.AyA.AY.AF.AYu.Al_.Al;
9.A sL.A(.A 2.A2.AFas9.A (9L.AL@.~p@(x!d K l
YT}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!T6
4+}!xmo`D4B}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!3(-!"%`'e'p''(i(( )^))))
*u***-,z,,-B-}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---&.|....)/z//$1y11112e223[
333D4445V555666(6}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!(6-66%7e77[88_999::;;;8<<
=p===>D>>>3????/@@AB}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!BqBC^CCCWDDD?EWE\EEEVF
FFH#HnHHIgIIJhJJJGKKKK<LL}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!LLL=NNNOQOOPSPPPQ
QQFRRR#SwSSTdTUUJVVVVWTWWW}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!WWHX+Y.Y~YYY7ZHZ
KZZZZZ?[g[[[\S\\\\D]M]]]:^^^5_l_`}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!``]`i````
aJaaabgbzbb
c!cjcsccd]ddeWeeef^fffgghg|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca!hgqgghChhhhJiii
i+jxjjjckkk+l;
lllmAmGmmmm1nnnoRo}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!RoXooo%p1pvpqqqqrRrerrr
ssbsosss$tXttttufuyuuudvv}xsnid_Z]]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]ca]ca!v#w<wwwxRxxxxydy
yyzUzzz!{t{{{|g||g}}}%~p~~~?}xsnid_Z]]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]ca]ca]ca!:DsJ.Z#sI_e< 



a}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!aw@ `
Z+{+1k4P<g}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!g.#4}]=E[`q^aKe}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!O:LR#yCT4gOlR}xsnid_Z]]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]ca]ca]ca]ca!BHX!g#G#o;
Cf=}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!dr@[Mz
y%m+z)5z}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!zal:^Sm9Dhj}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!jny'5Pcf*U.AD1|}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!|1K9%IyA<D/5k}
xrmhc^Y]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]ca]ca]ca!k
[j+6Z2(SLK}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!Kj<pL:(:<E3}xsnid_Z]]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]ca]ca]ca! wOr!f
])u&Kfr|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]caU]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!j/76X4ML(}(<}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!<2RX]|k4d*~MX}xsnid_Z]]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]ca]ca!X;VA_T*w"{
_e~"x7\_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!a4=e,,BJN\{2@u{Rf*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!Mq/ol  g
q]cI!}wrmhc^Y]ca]ca]ca]ca]ca]caU]ca]ca]ca]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
U2RXGKTBfu&,,<|wrmhb]X]ca]caV]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!<\
)!!!!!I#$$%%%o&('?'s'''@)O))M*S*h*y*}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****
+B+Z+r++,),~,,-'-q---...//q////////:0F0012}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
!2/2A2f2n2222222U333334J4c4i445'5s556,6<6r66
7,7F7f7}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!f7868V88888199999;:B:::G;
;;:<m<<=]=t==*>Q>U>u>>>$@}xsnid_Z]]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]ca]ca!$@m@@@*AEAAAAABB
HB^CCD9EREUEFxGI
JeJkJJK%KrKKK?L{LLL}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!L<MMMMNN
N1NNNNNIOOOO$P8PGPPPDQJQQQ9RjRzRRRBTyTT}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
UrUUVVsVVW!WsWWWRXXX=YuYYYYZ.[\"]H]Q]V]b]h]]](^,^|vqlfa\VU]ca]ca]caU]ca]ca]
caU]ca]caU]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!,^^-_K_n```iaoaab*bAbbb7c]ccd<dDdXdeee
fYffggbgnggg{vqlgb]XU]]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]caU]ca]ca]caU]ca]ca]ca!gh
h&hxhhhiciij&k:kllll+mlmm
n]nnnoZooooqqWqrr}xsnid_ZU]]]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!rtt"t?tw/wKwZwwxxfxxyQ
yyz{Y{x{{|F|n||}E}g}}}}~l~}xsnid_ZU]]]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]ca]ca]ca!l~~~~iep2?O"m
}xsnid_ZU]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!nOUm\8PekU[c|wrmhc^Ynid_ZU]]]ca]ca]ca]c
a]ca]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca
crtMfrCZd=1>}xsnid_ZU]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!NcnFJ#1VWJfZa{vqlgb]XU]]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]c
a]caU]ca]ca]ca]ca]ca]ca!aBioI'*0bvhSK{vqlgb]XU]]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!K
Q\h[
j*ETWmK:){~ytoje`[V]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca]caU]ca]c
aU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!{%rPmlEWo<;
4P}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]ca!PA8,X]gcZ.{m|wrmhc^Y]c]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]c
a]ca]ca]ca!m3Ks0e8SVs!r||wrmhc^Y]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
aU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!8*;
AWY,m{/}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!%|Z_2YGY)]DE^}xsnid_Z]c]]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]ca]ca]ca]ca!agqrR*x-oe8+z{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca!z$u$-z"fw
~J"RxY}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!YN0 >w/p
]wzupke`[V]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]caU]c
a]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!w@:`z~1`q~.2F}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]ca!@9<RJ7JyoQ$}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]ca!$46oAO@t!i%Nr}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]ca!r
c7w*aRpw#&P'}xsmhc]X]]caU]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!'       .6j/
#7fEt3}xsnid_ZU]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]caU]ca]ca]ca]caU]ca]caU]ca]caU]ca]ca!3!/~):#)KBy$.s}xsnid_Z]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]ca]ca]ca]ca]ca! 4?KtA3ado;
_(>}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]ca!Pp%OSyLR5k@
!!!R!`!}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]ca!`!!!!/"5"~"""""?#I####;
$S$$$$J%%%&9&I&M&&&&'T''}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]ca!'''''(K(\((((.)
s))*"*^***d+h+s++++0,v,,,,,,,-}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]ca!-G-K-W-n-
--(.s.{../8/l/y/~///0@0R0h000
111~1111122Q2|wrmhc^Y]ca]ca]ca]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!Q2\22223i3333333
44#4.4Y444444<5J5555.6m66666}xsnid_Z]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]ca]ca]ca]ca!67*7379777
778R8889$9,989h99:,:S:t:{:::::$;1;9;
;;<}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]ca!<<"<$<+<n<<<<<<=C=M=n====7>z>>>>???
@S@{@@@A7AGAMA|wrmhc^Y]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]caU]ca]ca]ca!MAAB&B0BUBBCCCCCCC
DDBDDD?@S@{@@@A7AGAMA|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca@.~bC!10%\&'()-Y!6
P  %10%ll&'()-F 10%&'()- F 10%&'()-  10%\&'()- Y -10%\&'()-
~pdE!!10%\&'()-!10%\&'()- !10%\&'()-y#10%\&'()-!10%\&'()-
!10%\&'()-@(x}^?/#10%\&'()- -!10%\&'()- +!10%\&'()- 3 



)F10%\&'()-!l%y#10%dd&'()-M!,l%y#10%@\@\&'()-Mx!ddYNC 10\ 10\
10\9:10%\&'()-  l7F10%\&'()-4510%\&'()- 3!10%\&'()- 1s!10%\&'()-  K l
YdEYNC !10%t&'()- 9#10%t&'()-   G10%t&'()- Z 10%t&'()-f10%t&'()-!10%t&'()-
YT6 dEYNC s!10%t&'()- G10%t&'()- @10%t&'()-!10%t&'()-!10%t&'()-mt!10%t&'()-
6    4+aBYNC+!10%t&'()- !D`'!10%tt&'()-`%10%t&'()- #y#10%t&'()-
!'10%t&'()-s!10%t&'()- +}!xdEYNC7#10%t&'()- 5`!10%t&'()- 3s!10%t&'()-
1F10%t&'()- /10%t&'()--y#10%t&'()- muV7lyT10%&'()-ls!10%&'()- l -#10%&'()-
y!10%&'()- 10== 10== 10==!f9@10%==&'()-o`bCuV7lyllt!10%&'()-
;lt!10%^&'()-#ll!10%&'()- yfz#10%&'()- ss!10%&'()-Yl410%&'()-
D4BdEuV7ly9-Z10%&'()- @Y+10%&'()-Y)s!10%&'()-GY %!10%&'()-S#310%&'()-
f`!10%&'()-3(*+,dE:/ 10 10L9`10%&'()-F37!10%&'()- @,5#10%&'()-F93!10%&'()- 



Y31s!10%&'()-
Y@/!10%&'()-,-oM+/!Ef#10%&'()-!(f#10%&'()-z#10%&'()-!z#10%&'()-!#10%&'()-!#
10%@@&'()- 10}!zodY7Ef!#10%M|M|&'()-  10 10
109s10%&'()-!f#10%&'()-!Ff#10%&'()-!f#10%&'()-!z!j""
$%%zX6dY7Ef!Y#10%4|4|&'()-!##10%W|W|&'()-!6#10%j|j|&'()-#10%4|&'()-
!S#10%:|:|&'()- !q#10%D|D|&'()- %&`'b'c'd'e'p''{\=Ef!Z10%B&'()- Yy
10%B&'()- 104| 104| 104|f9s10%4|&'()-!-#10%R|R|&'()- !(-#10%\|\|&'()- '(i((
)^))dE{\=Ef!F10%B&'()-F!10%B&'()- Ys!10%B&'()-  #10%B&'()- Y!10%B&'()-
Ys!10%B&'()- ))) *u***dE{\=Ef!sF10%B&'()-3y10%B&'()-Z3s!10%B&'()-
310%B&'()-@10%B&'()-F10%B&'()-*+-,z,,-B-}^?{\=Ef! f/10%B&'()-
s-!10%B&'()-l+#10%B&'()-  f)!10%B&'()- !)@s!#10%#B#B&'()-!
@s!#10%BB&'()-B---&.|.~....dYNCEf! 10B 10B 10B`9s10%B&'()- F7!10%B&'()-
@5#10%B&'()- L3L10%B&'()- LF1Z10%B&'()- ...)/z//$1dEYNCEf! s!10%:&'()-`
#10%:&'()- s!10%:&'()-3 310%:&'()- 10%:&'()-s!10%:&'()- $1y112e223dEYNCEf!
! 10%:&'()- `!10%:&'()-    10%:&'()-$10%:&'()-
`!10%:&'()-g#10%:&'()-3[333D444dEYNCEf! -10%:&'()-+z#10%:&'()- y)410%:&'()-
`'10%:&'()-3%`!10%:&'()-  #410%:&'()-45V555(6*6+6,6dE:/ 10:
10:L9`10%:&'()-Y7310%:&'()- 



f5`10%:&'()- `3`!10%:&'()- l1t!10%:&'()-  y/410%:&'()- ,6-66%7e77[88xY:/
10:`!10%&'()- `!10%&'()- #10%&'()- 10%&'()-`!10%&'()-&s!10%&'()-
10:8_999::;^?:/ 10:S#`!10%&'()-Y!yg#10%&'()- 10%&'()-`10%&'()-
s!10%&'()-!g#10%&'()-;.;;;8<< =aB:/ 10:s3310%&'()-
ly/`!10%&'()-l-`!10%&'()-f+f#10%&'()-!Dl%`!10%&'()-l%`!10%I&'()-
=p======>D>bC 10:10%&'()-!10%&'()- 10 10 109s10%&'()-Yl7`!10%&'()-
SS5y#10%&'()- D>>>3????dEbC 10:10%&'()-s!10%&'()- s!10%&'()-
#10%&'()-10%&'()- 310%&'()- ?/@@ABqBBdEbC
10:%`!10%>&'()-#`!10%&'()-!g#10%&'()- s!10%&'()-f#10%&'()-
310%&'()-mBC^CCCWDDaBbC 10:110%&'()- /s!10%&'()- - 10%&'()-y+ 10%&'()-
)s!10%&'()-4!6%`!10%&'()-DD?EWEYEZE[E\EExmbC 10:G10%&'()-  10 10
109t10%&'()-l710%&'()- f5z#10%&'()- 3 10%&'()- EEVFFFH#HdEmbC
10:s10%&'()-!10%&'()-F& #10%&'()- Z10%&'()- s!10%&'()- s!10%&'()-
#HnHHIgIIJdEmbC 10:#`!10%&'()-!y#10%&'()- 



s!10%&'()- s!10%&'()- s!10%&'()-310%&'()- JhJJJGKKKdEmbC 10:/
10%&'()--s!10%&'()- +#10%&'()-
0)310%&'()-'10%&'()-%!10%&'()-3KK<LLLLLLLdYNC 10: 10 10
10910%&'()-7s!10%&'()-y5z#10%&'()- 3s!10%&'()- 1F10%&'()-L=NNNOQOOdBYNC
10:!#10%&'()-F10%&'()-@10%&'()-s!10%&'()- & #10%&'()-yt!10%&'()-
OPSPPPQQaBYNC 10:l%`!10%&'()- !s!f#10%&'()-@10%&'()-ys!10%&'()- s310%&'()-
10%&'()-QQFRRR#SwSdEYNC
10:Y1310%&'()-f/10%O&'()-`-`!10%&'()-l+z#10%&'()-)310%&'()-m&'10%&'()-FwSST
aTbTcTdTUUbC 10: F10%&'()- s!10%&'()-  10 10 10F7310%&'()-
y@5!10%&'()-L3s!10%&'()- UJVVVVWTWdEbC
10:310%&'()-10%&'()-310%&'()-10%&'()-10%&'()- 310%&'()- TWWWWHXX+Y^<bC
10:!$l%s!10%uu&'()-!Dl%s!10%&'()-!s!T#10%&'()-&10%&'()- 10%&'()- s!10%&'()-
+Y.Y~YYY7ZHZdEbC 10:!$ls3z10%&'()-Y1410%&'()- f/m10%&'()-s-y10%&'()-
l+410%&'()- f+10%&'()-HZKZZZZZZZZxmbC 10:!fG10%&'()-3 10M 10M
10M`9`10%M&'()-l7M10%&'()-S5410%&'()- 



fy510%&'()-Z?[g[[[\S\dEmbC 10:!f10%&'()- `F10%&'()- &l  10%&'()-f310%&'()-
s10%&'()-ls!10%&'()- S\\\\D]M]]dEmbC 10:!fF10%&'()- :10%&'()-Y310%&'()-
fm10%&'()- ` 10%&'()-lm10%&'()- ]]:^^^5_l_aBmbC 10:!yF+10%&'()-
(F10%&'()-Y!@Y%s!10%&'()-f#10%&'()-`!f#10%&'()-l!10%&'()-l__``]`i``aBmbC
10:!37310%&'()- fS5f10%&'()-93310%&'()- F1y10%&'()-L-@ 10%&'()-!L-@
10%&'()-`````aJaaabC 10:!10%t&'()- G10%t&'()-'10%t&'()- t!10%t&'()-  10 10
10L910%&'()-abgbzbb c!cdEbC 10:!m10%t&'()-   10%t&'()-mm10%t&'()- 10%t&'()-
`!10%t&'()- & #10%t&'()-!cjcsccd]dddEbC 10:!y#`!10%t&'()- s!f#10%t&'()-
`!10%t&'()- 10%t&'()-M10%t&'()-310%t&'()-ddeWeeefaBbC 10:!f/ 10%t&'()-
`-s!10%t&'()-Y+y#10%t&'()- ,)10%t&'()-G!IF%s!10%&'()-:F%s!10%t
&'()-:f^fffgggggdYNC 10:! 10t 10t 10ts910%t&'()-Y7M10%t&'()-S5#10%t&'()-
L310%t&'()- Y1310%t&'()-ghgqgghChhdEYNC 



10:! F10%&'()- 10%&'()-ys!10%&'()- 310%&'()-10%&'()-310%&'()- hhhJiiiidEYNC
10:! F10%&'()- 10%&'()-y10%&'()- s310%&'()-mZ
10%&'()-s!10%&'()-i+jxjjjkckb@YNC 10:!!Dl%!10%&'()-
pl%!10%%p%&'()-f#F10%&'()- s!10%&'()-lF10%&'()- yM10%&'()- ckkk+l;llldEYNC
10:!!L3`10%&'()- F1F10%&'()- S/10%&'()- `-10%&'()-Y+#10%&'()-
0(10%&'()-lmAmDmEmFmGmmmbC 10:!! 10%'o&'()- F F10%'o&'()-  10 10
10`910%&'()-Y7310%&'()-y@5#10%&'()- mm1nnnoRodEbC 10:!!s!10%'o&'()- F
310%'o&'()- 10%'o&'()- s #10%'o&'()-10%'o&'()- F 310%'o&'()-
RoXooo%p1pvpcDbC 10:!!3 10%'o&'()-10%'o&'()-F3
310%'o&'()-310%'o&'()-f#10%'o&'()- f#10%(((&'()-vpqHqqqqraBbC
10:!!s-y10%'o&'()-Y+#10%'o&'()- )10%'o&'()-  l%310%'o&'()-
l%310%'&'()-!s!f#10%#o#o&'()-rRrerrrssssdE:/ 10'o 10'oL`910%'o&'()-
F7310%'o&'()- y5S10%'o&'()-  L3F10%'o&'()- l1`10%'o&'()-  



S/310%'o&'()- ssbsosss$tXtxY:/ 10'o10%M&'()- L #10%M&'()- 10%M&'()- 3
310%M&'()- 10%M&'()-s!10%M&'()-  10'oXtttufuyuuaB:/ 10'o  y310%M&'()-
`10%M&'()-  310%M&'()-!<g#10%MM&'()-10%M&'()-  310%M&'()-uudvv#w<wwaB:/
10'o `-410%M&'()-l+10%M&'()-
)410%M&'()-Zl%!10%M&'()-!s!g#10%EE&'()-910%M&'()-wwxRxxxxxdB4/ 10
10!Q`910%&'()-9 37410%M&'()- @510%M&'()-  93410%M&'()- F110%M&'()-
S/10%M&'()- xxxydyyyzgH/ 10 10!Q& @ 10%t&'()- Z10%t&'()-!10%t&'()-
G10%t&'()-10%t&'()- 10 10zUzzz!{t{{dEH/ 10 10!s!10%t&'()-y#10%t&'()-
10%t&'()-F10%t&'()- 10%t&'()- 310%t&'()- {{|g||||g}a?H/ 10
10!Dl%s!10%tt&'()-!3!!10%&'()-!!10%tl&'()-310%t&'()-
m10%t&'()-m10%t&'()-g}}}%~p~~~dEH/ 10 10!`310%t&'()-F1s!10%t&'()-
S/F10%t&'()- s-10%t&'()- l+#10%t&'()- )10%t&'()-m~?bC 



10 10!Y10%&'()-Sy10%&'()- 10t 10t 10ts910%t&'()-F7F10%t&'()- S5 10%t&'()-
:DsdEbC 10 10!lF10%&'()- SG10%&'()-lLg10%&'()- Y #10%&'()-Ss!10%&'()-
L310%&'()- sJ.aBbC 10 10!3410%&'()- l@10%&'()-L410%&'()-mlF10%&'()-
y@g#10%&'()-!Dl9t!10%&'()-.}Z#aBbC 10 10!Y&-10%&'()- @ +#10%&'()-)F10%&'()-
Y$!10%&'()-`!Af9!z#10%&'()-f9!z#10%&'()-#sI_bcddE:/ 10
10&910%&'()-Y7@10%&'()- @5#10%&'()- 3Z10%&'()- Y 110%&'()-/310%&'()- de<
xY:/ 10s310%t&'()-&l -10%t&'()- y310%t&'()- 10%t&'()-310%t&'()-yG10%t&'()-
10 aw@dE:/ 10s310%t&'()-Yl10%t&'()- ff#10%t&'()- sF10%t&'()-l-10%t&'()-
ys!10%t&'()-  ` dE:/ 109'310%t&'()-3Y%F10%t&'()-f#10%t&'()- `!f#10%t&'()-
l310%t&'()- y10%t&'()-G Z+{dE:/ 10L310%t&'()-31s!10%t&'()-
@/F10%t&'()-L-10%t&'()- F+#10%t&'()- (10%t&'()-+./01kbC 



10l310%'o&'()- f10%'o&'()-  10t 10t 10tL910%t&'()-37F10%t&'()-
@510%t&'()-4dEbC 10l10%'o&'()- f310%'o&'()- s10%'o&'()- l "10%'o&'()-
y310%'o&'()- s10%'o&'()- P<gdEbC 10l410%'o&'()-f10%'o&'()-
s410%'o&'()-Yl10%'o&'()- yyz#10%'o&'()- sZ10%'o&'()-.#4}}^<bC
10!S/#10%oo&'()- Y`-z10%'o&'()-SY+y#10%'o&'()- )G10%'o&'()-!;
lF%t!10%'o'o&'()-!y`!g#10%#o#o&'()-}]dYNC 10! 10'o 10'o
10'oL910%'o&'()-37Z10%'o&'()- @@510%'o&'()-Y93s!10%'o&'()- F1310%'o&'()-
=`dEYNC 10! F10%4|&'()-  10%4|&'()- Y10%4|&'()-s!10%4|&'()-
F10%4|&'()-10%4|&'()-`q^aBYNC 10!m10%4|&'()-310%4|&'()-
z#10%4|&'()-!@!10%t|t|&'()-10%4|&'()-y10%4|&'()-aKedEYNC
10!l9'10%4|&'()-Z%G10%4|&'()-l#10%4|&'()- y!g#10%4|&'()-
G10%4|&'()-10%4|&'()- eOaBYNC 10!Y`3!10%4|&'()-Y1G10%4|&'()- !y/!10%||&'()-
Y-z10%4|&'()-Sl+#10%4|&'()- ,)G10%4|&'()-:LOPQRbC 10!10%&'()-F10%&'()-
104| 104| 



104|s910%4|&'()-Yl710%4|&'()-SS5#10%4|&'()- #yCTdEbC 10!y10%&'()-310%&'()-
310%&'()- 10%&'()-`!10%&'()- 310%&'()-T4dEbC 10!F10%&'()-10%&'()-`!10%&'()-
`!10%&'()- T#10%&'()-  10%M&'()-gOldEbC 10!S+10%&'()- )410%&'()-l'10%&'()-
l%`!10%&'()- #410%&'()- y!10%&'()- lRBdEbC 10!Y7S10%&'()-Sy5y#10%&'()-
Y310%&'()- 1 10%&'()-/g10%&'()-- 10%&'()- BEFGHX!bC 10!410%&'()- l10%&'()-
10%&'()- 10%&'()- 10 10 10910%&'()-!g#GdEbC 10!yS#10%&'()- l 10%&'()-
10%&'()- l 10%&'()-410%&'()-  m10%&'()- #odEbC 10!Y#S10%&'()- f!S#10%&'()-
10%&'()- YS10%&'()- 310%&'()- lm10%&'()- ;CfdEbC 10!Fy/ 10%&'()-
s-310%&'()- @+l10%&'()-Yy)`!10%&'()- Y'`!10%&'()- 



3% 10%&'()-Yf=dYNC 10! 10 10 10s910%&'()-FY7s!10%&'()- @S5y#10%&'()-
F`3m10%&'()- Y1310%&'()- drdEYNC 10!   310%t&'()- L :10%t&'()- Z10%t&'()-
&10%t&'()-  F10%t&'()- 10%t&'()-@[aBYNC 10!t!10%t&'()-t!10%t&'()-3
410%t&'()- !8z#10%tt&'()- 10%t&'()- @10%t&'()-aBYNC
10!+10%t&'()-,)F10%t&'()-m!Nl%!10%tt&'()-'#10%t&'()-!f#10%t&'()-3Z10%t&'()-
Mz ydEYNC 10!7Y10%t&'()-f5#10%t&'()- s3s!10%t&'()- l1F10%t&'()- y/10%t&'()-
-Z10%t&'()-%muV7 10@10%&'()- F10%&'()-10%&'()-F10%&'()- 10 10
10!+910%&'()-&m+z)5aBuV7 10Y10%&'()-!#10%&'()-F10%&'()- 10%&'()- Y10%&'()-
10%&'()- 5zaldEuV7 10%10%&'()-#F10%&'()- !410%&'()-
310%&'()-10%&'()-F10%&'()-l:dEuV7 10l1m10%&'()-/s!10%&'()- -s!10%&'()-
f+#10%&'()- S)10%&'()-Y'Y10%&'()- ^bC 10 10%&'()- 



y10%&'()-10%&'()- 10 10 109@10%&'()-y5m10%&'()-SmdEbC
10l`!10%&'()-410%&'()-l10%&'()- 410%&'()- G"10%&'()- l10%&'()-m9DdEbC
10f!f#10%&'()-ZYG10%&'()- 10%&'()-l10%&'()-  10%&'()- f10%&'()-jaBbC 10y/
10%&'()- F-10%&'()-@+y#10%&'()- ) 10%&'()- !DY%s!10%&'()-Y#10%&'()-nydYNC
10 10 10 10910%&'()-F7M10%&'()-,y5#10%&'()- F3F10%&'()-Fl1s!10%&'()-
'5fdEYNC 10 sf10%&'()-l "10%&'()- y10%&'()-s10%&'()- l:10%&'()-f 10%&'()-
f*UdEYNC 10 `F10%&'()-ll10%&'()-f10%&'()- s 10%&'()-lM10%&'()- f 10%&'()-
D1dEYNC 10 l&'10%&'()- Y%G10%&'()- f#10%&'()-`!10%&'()-Y10%&'()-
fL10%&'()-1|1dEYNC 10 Y 7`!10%&'()- ,5310%&'()- 93910%&'()-`@/f10%&'()-SY+
10%&'()-S) 10%&'()- KuV7 10`!10%&'()- M!10%&'()- 310%&'()- 10%&'()- 10##
10## 10##!L910%##&'()-9%IdEuV7 10`!910%&'()-
`!10%&'()-Z`!10%&'()-310%&'()-310%&'()-& 



#10%&'()- IA<dEuV7 10`!#!10%&'()-!f#10%&'()- `!10%&'()- s!10%&'()-
`!10%&'()-310%&'()-<D/dEuV7 10`!7s!10%&'()-
y5z#10%&'()--s!10%&'()-+z#10%&'()-)10%&'()-%`!10%&'()-M/2345k [bC
10s!10%&'()- s!10%&'()- F10%&'()-10%&'()-  10 10 10910%&'()-[jdEbC
1010%&'()-s!10%&'()-ls!10%&'()- s!10%&'()- 310%&'()-  10%&'()- +6ZdEbC
10#310%&'()- !10%&'()-s!10%&'()- s!10%&'()-`!10%&'()- 310%&'()- 2dEbC
10l1t!10%&'()- l/t!10%&'()--410%&'()- f+10%&'()-
ls'!10%&'()-M%s!10%&'()-(SxmbC 10&!10%&'()-  10 10 10910%&'()-7310%&'()-
S510%&'()-l3t!10%&'()- LKdEmbC 1010%&'()- lt!10%&'()- #10%&'()-
s!10%&'()-s!10%&'()-310%&'()- j<dEmbC 10lt!10%&'()-3410%&'()-
l10%&'()-yg#10%&'()- s!10%&'()-m 10%&'()-)pLaBmbC 



10)310%&'()- Y`'
10%&'()-Fll%`!10%&'()-G!Ff!f#10%&'()-f!f#10%&'()-lt!10%&'()- L::dEmbC
10Sy5y#10%&'()- 3310%&'()- l110%&'()- /310%&'()- Y-10%&'()- S+y#10%&'()-
:<bC 10t!10%G&'()-  410%G&'()- 10%G&'()- 10 10 10910%&'()-ll7`!10%&'()- <E3
dBbC 10!z#10%GG&'()-s!10%G&'()-t!10%G&'()-t!10%G&'()- 9
#10%G&'()-:10%G&'()- wOdEbC 10!#s!10%G&'()-
!f#10%G&'()-310%G&'()-F10%G&'()-F"10%G&'()- s!10%G&'()- !r!faBbC
10y/310%G&'()- s-10%G&'()- +#10%G&'()-f)s!10%G&'()-
!6%`!10%}}&'()-%`!10%G&'()- ]dYNC 10 10G 10G 10G910%G&'()-Y7s!10%G&'()-
f5z#10%G&'()- s3s!10%G&'()-l1s!10%G&'()-)u&dEYNC 10 310%&'()- "10%&'()-
`!10%&'()- s!10%&'()-310%&'()- 10%&'()- rj^?YNC 10 10%&'()-!.s10%&'()-
M!10%&'()- !f#10%&'()-s!10%&'()-310%&'()- /7dEYNC 10y+z#10%&'()-
)s!10%&'()- 



0&'310%&'()-#s!10%&'()-!S#10%&'()- `!10%&'()- 6XdEYNC
10710%&'()-ff5z#10%&'()- s3 10%&'()- 110%&'()-/`!10%&'()- -s!10%&'()- 4bC
10&M!10%`&'()-F  M!10%`&'()-,`!10%`&'()-3 &310%`&'()-  10 10
10910%&'()-MLdEbC 1010%`&'()-  s!10%`&'()-,`!10%`&'()-&`!10%`&'()- 3
10%`&'()-`, 10%`&'()-(}<dEbC 10$L!10%`&'()-!g#10%`&'()-
10%`&'()-`!10%`&'()-  `!10%`&'()-  310%`&'()- <2RUVWdE:/ 10`
10`910%`&'()-7`!10%`&'()-5y#10%`&'()--s!10%`&'()-,y#10%`&'()-
%`!10%`&'()-fWX]|xY:/ 10`  10%&'()-  10%&'()- &310%&'()- 3
10%&'()-s!10%&'()- s!10%&'()-  10`k4dE:/ 10` !10%&'()- y10%&'()- S#10%&'()-
s!10%&'()-3s!10%&'()- `!10%&'()- ddE:/ 10`y+g#10%&'()-
&`!10%&'()-$R!10%&'()-"S#10%&'()-m  10%&'()- 10%&'()- *~MdE:/
10`7s!10%&'()-f5#10%&'()- 3 



10%&'()- 110%&'()-/s!10%&'()- -s!10%&'()- XbC 10`F10%&'()-  10%&'()-
`!10%&'()- `!10%&'()-  10 10 10910%&'()-;VA_dEbC 10``10%&'()-
!10%&'()-F!10%&'()- 310%&'()-  10%&'()- #10%&'()- _T*dEbC
10`#y10%&'()-!#10%&'()-s!10%&'()-`!10%&'()- `!10%&'()-F10%&'()- *w"{ _dEbC
10`l7!10%&'()-f5#10%&'()- -s!10%&'()-y+z#10%&'()- s's!10%&'()-M%310%&'()-
_bcde~"xbC 10`!10%&'()- !10%&'()-  G10%&'()- 10%&'()- 10 10
10910%&'()-xxadEbC 10`!10%&'()- Y10%&'()-@10%&'()-f#10%&'()- !10%&'()-F9
#10%&'()-a4,dEbC 10`)s!10%&'()-'!10%&'()-%F10%&'()- #F
10%&'()-!f#10%&'()-Fs!10%&'()-,,{dEbC 10`y5#10%&'()-3F10%&'()- 1&10%&'()-
/!10%&'()--s!10%&'()-+#10%&'()- uxyz{Rf`> 10`!qf z#10%//&'()-  



1f z#10%K&'()-  s!10%/&'()- 10 10 10910%&'()-7!10%&'()- /olO  xV7`>
10`y)#10%/&'()-!c y)#10%//&'()- ,y)#10%&'()-!Sy#10%//&'()- !Sy#10%//&'()-
!<f z#10%//&'()-       g {Y7 10`!g#10%II&'()-!Pz#10%MM&'()- !Tz#10%MM&'()-
!z#10%ff&'()-  10 10 10f9@10%&'()- ]`a{Y7) 10!9910%&'()-!##10%ff&'()-
##10%MM&'()-!##10%kk&'()-!(##10%uu&'()-g#10%M&'()-abcIgH 10!9910 l10%&'()-
s!10%&'()- `!10%&'()-3F10%&'()-310%&'()-  10 10!w UdEH 10!99`!10%&'()-
S#10%&'()- 10%&'()- s!10%&'()- s!10%&'()-310%&'()- 2Ga?H
10!9!Dl#!10%&'()-!Nl#!10%&'()-!!10%&'()- s!10%&'()- 310%&'()- 10%&'()-
GKTdEH 



10!9!@5y#10%&'()- Y3:10%&'()-Y1!10%&'()-/410%&'()-l-10%&'()-
S+#10%&'()-B~\:!!E#10%&'()- !m#10%&'()- !#10%&'()-  10 10
10910%&'()-Y7s!10%&'()- , )!zX6~\:!YPy#10%&'()-!y#10%&'()-!hy#10%&'()-!,
y#10%&'()-!;y#10%&'()-#10%&'()-
)!!!!!!"I#${Y:!!10%&'()-!&#10%&'()-!&#10%@@&'()- 10 10
10910%&'()-!y#10%&'()-$$o&'@)M*P*Q*zY:/: 10910%&'()- ^f#10%&'()-
!,f#10%&'()- !,f#10%&'()- !@f#10%&'()- f#10%&'()-
Q*R*S*h**+r++,mN/!10%&'()- #10%&'()- s!10%&'()-s!10%&'()- 310%&'()-
@10%&'()- 10 10,~,,'-q---.dEmN/!10%s!10%&'()-310%&'()- 310%&'()-
10%&'()-Y10%&'()- s!10%&'()-
-...////:0dEmN/!10%'!10%&'()-3%`!10%&'()-F#s!10%&'()- !f#10%&'()-
`!10%&'()- s!10%&'()- :0F0012f2k2l2m2dE:/ 10 10910%&'()-7310%&'()-
y510%&'()--s!10%&'()- y+#10%&'()- )10%&'()-m2n222U3334xY:/ 10  10%t&'()-
9`10%t&'()-s!10%t&'()-  `!10%t&'()-   310%t&'()- 10%t&'()- 104i445'5s55dE:/
10 s!10%t&'()-  10%t&'()- @10%t&'()-t!10%t&'()- t!10%t&'()- t!10%t&'()-
56r66 7f78dE:/ 10 's!10%t&'()-%s!10%t&'()- $310%t&'()-!@ 10%t&'()-
s!10%t&'()-`!10%t&'()-868881999dE:/ 



10 5z#10%t&'()- 3s!10%t&'()-1`!10%t&'()-/`!10%t&'()--310%t&'()-
+z10%t&'()-9;:?:@:A:B:::G;bC 10F `!10%`&'()- @`!10%`&'()-FF 9 10%`&'()-3
10t 10t 10t910%t&'()-710%t&'()- G;;;:<m<<=dEbC 103s!10%`&'()- 3 @ 10%`&'()-
9S10%`&'()- 3s!10%`&'()- `@#10%`&'()-Ls!10%`&'()-4=]=t==*>>>dEbC
103"g#10%`&'()- @ `!10%`&'()-9`!10%`&'()-   3 10%`&'()-
@10%`&'()-9g#10%`&'()- >?$@@@*AEAaBbC 102m 10%`&'()-0`!10%`&'()-
.`!10%`&'()-,y#10%`&'()- 9$s!10%`&'()-!S9$s!10%\\&'()-EAAABBEBFBGBHB^Cxmb@
10!L&"10%&'()- 10` 10` 10` :10%`&'()-8s!10%`&'()- 6y#10%`&'()-4310%`&'()-
^CCDDUEFxG}[9mb@ 10!, #10%&'()-!1#10%&'()- g#10%`&'()-! g#10%\\&'()-!
g#10%aa&'()-L&"10%`&'()-xGqHI JeJhJiJjJkJwXMB7 10 10` 10`
10`910%`&'()-!##10%&'()-!^#10%``&'()-!##10%&'()-!l#10%``&'()-kJJKrKKK?LdEMB
7 10 10` 1  310%`&'()- ` 10%`&'()-  310%`&'()- 10%`&'()- `!10%`&'()- 



`!10%`&'()- ?LLL<MMMNdEMB7 10 10` 1  10%`&'()- 10%`&'()- @#10%`&'()-
L!10%`&'()-3`!10%`&'()- `!10%`&'()- N N1NNNIOOdEMB7 10 10` 1+ 10%`&'()-
'`!10%`&'()-%M!10%`&'()-#S#10%`&'()-!10%`&'()-& 10%`&'()-OOOGPPPDQdEMB7 10
10` 17f#10%`&'()-5`!10%`&'()- 3`!10%`&'()-1M!10%`&'()-`/
10%`&'()--m10%`&'()-DQGQHQIQJQQQ9RRuV7 10,`!10%:&'()-3Y 310%:&'()-
,10%:&'()-@L!10%:&'()-  10ss 10ss 10ss!910%ss&'()-RRBTyTT UrUdEuV7
10,`!`!10%:&'()- `!10%:&'()- F 310%:&'()- 10%:&'()- !10%:&'()-3 #10%:&'()-
rUUVsVVsWWdEuV7 10,`!+10%:&'()- 's!10%:&'()-%`!10%:&'()-3#`!10%:&'()-
!f#10%:&'()-@ 10%:&'()- WWRXXX=YYdEuV7
10,`!7t!10%:&'()-5z#10%:&'()-310%:&'()-1`!10%:&'()- /s!10%:&'()-
-310%:&'()- YYYYYZ.[\]~\: 10!1;y #10%&'()-(!Dy
#10%&'()-(&&#10%&'()-!&&#10%&'()- 10: 10: 10:910%:&'()-]^n`ialamanaoaa{peZ;
10!!10%`&'()-3 10 



10 10910%&'()- Ky #10%&'()-(!Yy #10%&'()-(!#y #10%&'()-(abAbbb7c]cdEeZ;
10!&10%`&'()- `!10%`&'()-s#10%`&'()- 3 &F10%`&'()-
10%`&'()-s!10%`&'()-3]ccdXdeeedEeZ;
10!$10%`#&'()-"g#10%`&'()-Gs!10%`&'()-S#10%`&'()- s!10%`&'()- 3 310%`&'()-e
fYffggbgdEeZ; 10!1310%`&'()-/:10%`&'()--y#10%`&'()- +`!10%`&'()-
*G10%`&'()-'10%`&'()-Zbgngg h#h$h%h&hxhxmbC 10!L`!10%t&'()-  10` 10`
10`910%`&'()-7#10%`&'()-5310%`&'()-3g10%`&'()-xhhiciij:kdEmbC
10!9S#10%t&'()-F`!10%t&'()-L@"10%t&'()- L410%t&'()-F 10%t&'()-@`!10%t&'()-
:kll+mlmm ndEmbC 10!&*`!10%t&'()- (310%t&'()-F,&m10%t&'()-&$M!10%t&'()-
3"S#10%t&'()-,s!10%t&'()-  n]nnnoZoodEmbC 10!6z#10%t&'()-3`!10%t&'()- 2
10%t&'()- 010%t&'()-.`!10%t&'()- ,f#10%t&'()-ooooooqWqr~_=
10!!f#10%zz&'()-9"10%t&'()-!D9"10%&'()- 10t 10t
10t:10%t&'()-810%t&'()-rr?ttuwwzX6~_= 10!K
t$10%tt&'()-!t$10%&'()-!#It$10%&'()-!(t$10%&'()-!1t$10%&'()-f#10%t&'()-wxxx
xxfxxy~_@ 10!K   @10%'o&'()-,!10%'o&'()- ,&t!10%'o&'()-  10t 10t
10t910%t&'()-!t$10%&'()-yQyyz{Y{x{dE~_@ 10!K  10%'o&'()-F 310%'o&'()- && 



10%'o&'()- !10%'o&'()-,"10%'o&'()- Y &310%'o&'()-x{{|n||}}dE~_@ 10!K
'`!10%'o&'()-&`!10%'o&'()-$s!10%'o&'()-"f#10%'o&'()-  s!10%'o&'()-F
310%'o&'()- }}~l~~idE~_@ 10!K 5z#10%'o&'()-
3`!10%'o&'()-1`!10%'o&'()-/$10%'o&'()- 3 -310%'o&'()- + 10%'o&'()- iepbC
10!K 10%M&'()-!10%M&'()- s!10%M&'()-  10'o 10'o
10'o&910%'o&'()-7`!10%'o&'()-p2dEbC 10!K F  10%M&'()- `10%M&'()-s!10%M&'()-
`!10%M&'()- s#10%M&'()- , 10%M&'()-?OdEbC 10!K #g#10%M&'()- !`!10%M&'()-
310%M&'()-  10%M&'()-M!10%M&'()-y#10%M&'()- "mnaBbC 10!K 110%M&'()-
!-z#10%SS&'()-+`!10%M&'()-   ) 10%M&'()-'Y 10%M^&'()-Z%`!10%M&'()- Oxmb@
10!K !&#10%66&'()-& 10M 10M 10M910%M&'()-7y#10%M&'()-5`!10%M&'()- 3
10%M&'()-\kzX6mb@ 10!y#10%&'()-!y#10%&'()-!;
y#10%&'()-!y#10%&'()-!y#10%&'()-&#10%&'()-&k~UXYZ[yZOD9 10! 10 



10 10910%&'()-!KPf)#10%&'()-!P f)#10%&'()-!#f)#10%&'()-
1f)#10%&'()-[crtdEOD9 10! 10 f10%`&'()-`"10%`&'()- s!10%`&'()- 3 310%`&'()-
10%`&'()-z10%`&'()-rddEOD9 10! 10    10%`&'()- 910%`&'()-
T#10%`&'()-s!10%`&'()- `!10%`&'()- 3  10%`&'()-d=1dEOD9 10! 10 )`!10%`&'()-
'`!10%`&'()-  % 10%`&'()-#10%`&'()-!L!10%`&'()-`!10%`&'()-1>dEOD9 10! 10
5`!10%`&'()-3s!10%`&'()- 1M!10%`&'()-` / 10%`&'()--10%`&'()-+`!10%`&'()-
nbC 10! 10!10%&'()- !10%&'()- Z10%&'()-  10` 10` 10`910%`&'()-710%`&'()-
FJdEbC 10! 10Z10%&'()- Z10%&'()- !10%&'()-!10%&'()-  -#10%&'()-M10%&'()-
VWdEbC 10! 10!#10%&'()- F10%&'()-z 10%&'()- 



!10%&'()-!10%&'()-#10%&'()- ZadEbC 10! 101Y10%&'()- /m 10%&'()--!10%&'()-
y+#10%&'()- '!10%&'()-#!10%&'()-ailmnoxmbC 10! 10!10%&'()- 10 10
10910%&'()-7!10%&'()- y5#10%&'()-3!10%&'()- I0bdEmbC 10!
10y10%&'()-G10%&'()- 10%&'()- s!10%&'()-310%&'()- 10%&'()- bvdEmbC 10!
10Y%s!10%&'()-0l#t!10%&'()- y!g#10%&'()- 010%&'()-10%&'()-410%&'()- hSdEmbC
10! 103 10%&'()-Y1 10%&'()-s/Y"10%&'()- Y-`!10%&'()-S+f#10%&'()-
0S)310%&'()-KNOPQm_@ 10! 10&"10%&'()-!&"10%66&'()- 10 10
10910%&'()-F7s!10%&'()- @5y#10%&'()- [j*wX6_@
10!y+g#10%&'()-`)10%&'()-!y#10%&'()-!@y#10%&'()-!y#10%&'()-!y#10%&'()-*K~sh
]> 10!!10%&'()- 10 10 10910%&'()-f5z#10%&'()- 6f5z#10%&'()-!(
y+g#10%&'()-K:)dEh]> 10!10%&'()-`!10%&'()- & "10%&'()- `!10%&'()- 10%&'()- 



z 10%&'()-){%rdEh]> 10! 10%&'()-10%&'()- `!10%&'()- S#10%&'()- M!10%&'()-
10%&'()- PmdEh]> 10!)10%&'()- '`!10%&'()-0Y% 10%&'()-# 10%&'()-!S#10%&'()-
M!10%&'()-ldYNC 10! 10 10 10910%&'()-7`!10%&'()-
y5g#10%&'()--s!10%&'()-y+z#10%&'()- o<dEYNC 10! 310%&'()-
10%&'()-`!10%&'()-`!10%&'()-  "10%&'()- s!10%&'()- ;PdEYNC 10! !g#10%&'()-3
10%&'()- F 10%&'()- `!10%&'()-s!10%&'()- S#10%&'()-PAaBYNC
10!Y1`!10%&'()-/310%&'()- Y-10%&'()-
S+#10%&'()-!6'`!10%&'()-#`!10%&'()-8,xmbC 10!  310%t&'()-  10 10
10y910%&'()-Y710%&'()-@5#10%&'()-Y3`!10%&'()-,gdEmbC
10!10%t&'()-`!10%t&'()-L #10%t&'()-   310%t&'()-  10%t&'()-s!10%t&'()-
cZdEmbC 10!@10%t&'()-t!10%t&'()-t!10%t&'()- g#10%t&'()-s!10%t&'()-   



10%t&'()- .{dEmbC 10!+y#10%t&'()-'s!10%t&'()-%s!10%t&'()- #s!10%t&'()-
!f#10%t&'()-Z310%t&'()-msaBmbC 10!7s!10%t&'()-y5z#10%t&'()- 3`!10%t&'()-
1310%t&'()-/ 10%t&'()-!-F"10%UU&'()-Z0bC 10!310%&'()-@10%&'()-s!10%&'()-
s!10%&'()-  10t 10t 10t910%t&'()-VsdEbC 10!S#10%&'()- `!10%&'()-3310%&'()-
10%&'()-s!10%&'()-  #10%&'()- !r|dEbC 10!#`!10%&'()-!S#10%&'()-
10%&'()-10%&'()-`!10%&'()- `!10%&'()- 8;AdEbC 10!110%&'()-l/t!10%&'()-
-s!10%&'()-y+g#10%&'()-0S)310%&'()-s'F 10%&'()-YAbC 10! 410%&'()- 10%&'()-
10 10 10910%&'()-f510%&'()-3410%&'()-WYdEbC 10!10%&'()- `!10%&'()-
`!10%&'()- 9 "10%&'()-   10%&'()- 10%&'()- m{/dEbC
10!#310%&'()-!10%&'()-`!10%&'()-`!10%&'()-@#10%&'()- G10%&'()- /%|dEbC
10!110%&'()- /M!10%&'()--`!10%&'()-+g#10%&'()- )10%&'()-%s!10%&'()-Z _xmbC
10!`!10%M&'()-  



10 10 10910%&'()-7`!10%&'()-y5g#10%&'()- 3 10%&'()-_YaBmbC 10!`!10%M&'()-
310%M&'()-!m` "10%&'()-3  10%M&'()- 10%M&'()-`!10%M&'()-YY)dEmbC
10!L!10%M&'()-   10%M&'()- 910%M&'()-M!10%M&'()- @#10%M&'()-M!10%M&'()-
)]DdEmbC 10!+f#10%M&'()- 0,)310%M&'()-L'Z10%M&'()-m0 %M!10%M&'()- #
10%M&'()- !10%M&'()-3E^adEmbC 10!7 10%M&'()- 510%M&'()-3`!10%M&'()- 1
10%M&'()- /m 10%MF&'()--M!10%M&'()-adefgRbC 10!s!10%`&'()-s!10%`&'()- 0
10%`&'()- 10%`&'()- 10M 10M 10M910%M&'()-*x-odEbC
10!10%`&'()-s!10%`&'()-Gs!10%`&'()-    10%`&'()-  10%`&'()- L
10%`&'()-oe8dEbC 10!#M!10%`&'()- !S#10%`&'()- z10%`&'()- L!10%`&'()-
!10%`&'()-3  10%`&'()-8+zdEbC 10!S5y#10%`&'()- 



s-s!10%`&'()-l+y#10%`&'()- 0(S10%`&'()-s'`!10%`&'()- %`!10%`&'()-!"#$u$bC
10!`!10%&'()-s!10%&'()-  10%&'()- 10` 10`
10`s910%`&'()-l710%`&'()-$-z"~dEbC 10!#10%&'()- M!10%&'()- y#10%&'()-
`!10%&'()-& "10%&'()-10%&'()-JdBbC 10!!N's!10%&'()-%@10%&'()-#`!10%&'()-
!S#10%&'()-  10%&'()- 10%&'()-"RdEbC 10!!y710%&'()-3z10%&'()-l1310%&'()-
y/10%&'()- s- 10%&'()- +m 10%&'()- YuV7 10!M!10%&'()-  10%&'()-10%&'()-
10%&'()-  10 10 10!9 10%&'()-N0dEuV7 10!M!@#10%&'()-
10%&'()-Z10%&'()-M!10%&'()-`!10%&'()- & "10%&'()- >w/pdEuV7 10!M!# 10%&'()-
!310%&'()-ZM!10%&'()-  10%&'()- 10%&'()-M!10%&'()-   ]dEuV7
10!M!Y1`!10%&'()- f/ 10%&'()- s-`10%&'()-
+g#10%&'()-'s!10%&'()-%M!10%&'()-3w@xmbC 



10!s!10%`&'()- 10 10 10s910%&'()-Y7G10%&'()-
yf510%&'()-`3M!10%&'()-@:~dEmbC 10!10%`&'()-10%`&'()- 3  10%`&'()-
10%`&'()-`!10%`&'()-s%10%`&'()- 1~2FdEmbC 10!%10%`&'()-#S#10%`&'()-
!`!10%`&'()-    10%`&'()-10%`&'()-    10%`&'()- F@<aBmbC
10!3s!10%`&'()-1s!10%`&'()- /310%`&'()- -#10%`&'()-+`!10%`&'()-
!@s'`!10%``&'()-`RbC 10!`!10%t&'()- 3  10%t&'()-  10` 10`
10`910%`&'()-710%`&'()-5`!10%`&'()- J7ydEbC 10!10%t&'()-
10%t&'()-10%t&'()- L "10%t&'()-`!10%t&'()- `!10%t&'()- yoQdEbC
10!M!10%t&'()-  10%t&'()- 10%t&'()-9!10%t&'()-@#10%t&'()-   10%t&'()-
Q$4aBbC 10!/M!10%t&'()- -f#10%t&'()-Z+ 10%t&'()-!@
#M!10%tt&'()-S#M!10%t&'()-S!S#10%t&'()- 6dYNC 10! 



10t 10t 10t910%t&'()-7z#10%t&'()-5`!10%t&'()-3 10%t&'()-
1310%t&'()-AO@dEYNC 10! s!10%&'()- & #10%&'()-310%&'()-10%&'()-
g10%&'()-s!10%&'()- !i dEYNC 10! s!10%&'()-[!10%&'()-f#10%&'()-10%&'()-
10%&'()-s!10%&'()-  c7aBYNC 10!/10%&'()-y-z#10%&'()-+F10%&'()-
)310%&'()-!D#s!10%&'()-!f10%&'()- *dYNC 10! 10 10 10910%&'()-f710%&'()-
l5t!10%&'()-3`!10%&'()- 1G10%&'()-aR}[9YNC
10!!z#10%&'()-!Pz#10%&'()-!z#10%&'()-V!10%&'()-9#10%&'()-&!@9#10%--&'()-&R'
yj {}[9YNC 10!!h y#10%&'()-!#y#10%&'()-!6Ny#10%&'()-y#10%&'()-!Dy#10%&'()-
z#10%&'()-{ 6~_@ 10!! 10%H&'()- 10%H&'()- 10%H&'()-  10 10
10s910%&'()-!y#10%&'()-/    !"dE:/ 10H 10H910%H&'()-10%H&'()-M!10%H&'()-
L!10%H&'()-  "10%H&'()-M!10%H&'()-"#7fEtxY:/ 10Hy10%&'()-9!10%&'()-s
10%&'()- 10%&'()-  10%&'()- 



10%&'()- 10Ht3dE:/ 10Hl"10%&'()-``10%&'()-llg#10%&'()-
sy@10%&'()-ss`!10%&'()-  l10%&'()-4!/):aB:/ 10H`L0`10%&'()-LF.!10%&'()-
S,10%&'()- !lY(T#10%&'()-`f&F10%&'()- s$10%&'()-:#&'()dYNC 10H 10 10
10Y:10%&'()-L,8m10%&'()-  9610%&'()- LF410%&'()-F@2z#10%&'()-)KBydEYNC 10H
10%&'()-0f10%&'()- 0s10%&'()-  !10%&'()- 10%&'()- 10%&'()-$.sdEYNC 10H
sM10%&'()- M!10%&'()- S#10%&'()- sM10%&'()- 10%&'()- 310%&'()-KtAdEYNC 10H
y,10%&'()-`(10%&'()-0s%`!10%&'()-$S#10%&'()- s"10%&'()-  10%&'()- A3adE:/
10 10l:10%&'()-f810%&'()-sY410%&'()- `S2s!10%&'()- Y`0z#10%&'()- l.10%&'()-
;_xY:/ 10l10%&'()--#10%&'()- 10%&'()- @ 10%&'()-10%&'()-S10%&'()- 10>dE:/ 



10  10%&'()-!10%&'()-#10%&'()-10%&'()-10%&'()- ,10%&'()- +Sy`A:/
10l4#10%&'()- 210%&'()-010%&'()- .310%&'()-!$y#10%&'()- h$y#10%
&'()-LOPQRbC 10Sy10%&'()-  10%&'()-  10 10 10:10%&'()-810%&'()-
s6M10%&'()-5kdEbC 10lT10%&'()-G,f10%&'()- s310%&'()- ,yG10%&'()- @s10%&'()-
l  10%&'()- @ P  aBbC
10`$@#10%&'()-&!q`$@#10%&'()-&Y"410%&'()-Gs10%&'()-lf#10%&'()- y310%&'()-
!`!!!/"dEbC 10@8 10%&'()-lF4!10%&'()- @2-10%&'()- L010%&'()- F.10%&'()- S,
10%&'()- /"2"3"4"5"~""""bC 10``10%(&'()- l 10%(&'()-Lf'10%(&'()- s10%(&'()-
10 10 10FF:f10%&'()-F"?#I####;$dEbC 10FLf#10%(&'()-
LY10%&'()-3LS`!10%(&'()-  `10%(&'()-LM10%(&'()-f#10%(&'()-;$S$$$$J%%dEbC
109%`!10%(&'()-F9$S#10%(&'()- F"10%(&'()-LLm10%(&'()-  



F10%(&'()- LS10%(&'()- %%&M&&&'dEbC 109 410%(&'()- 210%(&'()-  &0f10%(&'()-
3.10%(&'()- ,,10%(&'()- 93(10%(&'()-S'T''''''''uV7 10L 10%&'()--10%&'()-
10CC 10CC 10CC!c&3:10%CC&'()-F98s!10%(&'()-  610%(&'()- 'K(\((((.)dEuV7 10L
@s10%&'()- L10%&'()-@10%&'()- @10%&'()- 10%&'()-S10%&'()- .)s))*^***dEuV7
10L s$10%&'()- l"10%&'()- ,y 10%&'()- s10%&'()- lg#10%&'()- @y10%&'()-
*d+++0,v,,aBuV7 10LL610%&'()-S210%&'()-L0s!10%&'()- Y.10%&'()-
f,10%&'()-!&f#10%&'()-,,,,,,-G-n-bC 10L10%(&'()- z10%(&'()-L10%(&'()-  10
10 10Y:10%&'()- @810%&'()-n---(.s../dEbC 10L9y10%(&'()-9ss!10%(&'()-
10%(&'()-Fyg10%(&'()- `10%(&'()-  10%(&'()- 



/8/~//0@00dBbC 10L!3Y(y#10%((&'()-'9f&10%(&'()-  `$10%(&'()- 9l"M10%(&'()-
f 10%(&'()- Fs&10%(&'()- 0 111~111111dE:/ 10 10lY:z10%&'()-:yS810%(&'()-
Y410%(&'()- @210%(&'()-f`010%(&'()-&f,10%(&'()- 112Q2223i3xY:/ 10$10%&'()-
@"10%&'()- 10%&'()-S 10%&'()- s10%&'()- f10%&'()- 10i333 44Y44dE:/ 10,
10%&'()-10%&'()- 10%&'()-@10%&'()- 10%&'()- 10%&'()-444<5J555dE:/
10.10%&'()- ,10%&'()- *G10%&'()-(z#10%&'()-`%10%&'()-S"10%&'()-
5.6m66637677787dE:/ 10 10l:T10%&'()-y810%&'()-
610%&'()-410%&'()-210%&'()-0`!10%&'()-8797778R888xY:/ 10`10%&'()-l@10%&'()-
f10%&'()- s-10%&'()- y10%&'()- st!10%&'()-  1089$9h99:,:dE:/
10Y"10%&'()-s`10%&'()-ly#10%&'()-  f10%&'()- `10%&'()-fm10%&'()- ,:{::::9;
;bC:/ 10L9010%&'()-  3.10%&'()- @,10%&'()-lS&10%&'()- lS&10%&'()-
L$10%&'()-;;<<< <!<"<n<rdV7 10 910%(&'()-  10MHMH 



10MHMH 10MHMH!F:10%MHMH&'()-F ,810%&'()- F9610%&'()-34410%&'()-
n<<<=n===dBdV7 10 !` !10%``&'()-` !10%&'()-,#10%(&'()- s&10%(&'()-  3
10%(&'()- s,&10%(&'()- ==7>z>>>>?dEdV7 10 !L `!10%(&'()-  10%(&'()-
Z10%(&'()- Y&s10%(&'()-  10%(&'()-l` 10%(&'()- >???@S@{@@dEdV7 10 !
/10%(&'()-f-m10%(&'()- 9)10%(&'()-
'10%(&'()-F%10%(&'()-L"g10%(&'()-@@AGAJAKALAMAArdV4 10!t!10%ZZ&'()- 10QQ
10QQ 10QQ!q910%QQ&'()-f7F10%(&'()- 310%(&'()- 110%(&'()-ABBCCC D}^?dV4
10!10%Z&'()-  10%Z&'()- 10%Z&'()-3!v(10%==&'()-!+(10%Z3Z3&'()-, 10%Z&'()-
DDBDDD}^?dV4 10!10%Z&'()-  10%Z&'()- l:@10%Z&'()-
$m10%Z&'()-"10%Z&'()-10%Z&'()- 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 Font 



,d$+,3:[BIcQW]dFjpu|d0QG4WdzbR'm/A7G?jGINVn^%elu|ZnP
f#"(Q4$).84!9L>AFHJLNPRTVXZ\^`bdfhjlnprtvxz|~TB-(6BLW`hgRovagzj|kK<XM!<y*2f
7$@LT,^grl~caK{PmzYw$r'3`!'-Q26<MADwxyz{|}~~xY6 +,!%')*B-.$134,68;
=D>?BDE#HJKLOQwSUTW+YHZZS\]l_`a!cdfghicklmRovprsXtuwxz{g}~s.#d
}`eTlB!fm5lmf1I</[L:< <W_*_xa, aG)!$Q*,-.:0m24589G;
=>EA^CxGkJ?LNODQRrUWY]a]cebgxh:k norwyx{}ipk[d1ab*K)P,A/_Y)ao8$@FyQ R{"t:)A
/"";$%''.)*,n-/01i345878,:;n<=>?@A DD   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~6Times
New RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 




