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(57) ABSTRACT

In a conventional EL display device, a general video signal
(analog signal voltage) is sampled to be outputted to a source
signal line and then inputted to a gate electrode of a driving
TFT provided in each pixel. The drain current of the TFT is
controlled to control the current flowing into an EL element,
thereby adjusting the luminance. However, accurate gray
scales cannot be obtained unless the video signal is con-
verted before it is sampled and inputted to the source signal
line since the drain current of the driving TFT does not
correspond to the gate voltage of the driving TFT linearly.
The invention solve this problem by converting an inputted
analog signal voltage into a current, converting the current
into the gate-source voltage of a correction TFT that has the
same polarity as a driving TFT, supplying the gate-source
voltage as a source line signal to a source signal line, and
applying the source line signal to a gate electrode of the
driving TFT. Thus an EL element can emit light at a
luminance linearly corresponding to the inputted analog
signal voltage.
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Luminance of EL Element

Vret Signal Electric Potential (Vin

Fig 2
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DISPLAY DEVICE AND METHOD OF DRIVING
THE SAME

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to an active matrix EL
display device in which each pixel has TFTs (thin film
transistors) and an EL element. Specifically, the invention
relates to an active matrix EL display device of analog gray
scale system in which gray scales are reflection of analog
changes in amount of current flowing into EL elements.

[0003] In this specification, EL elements include those
emit light from singlet excitation (fluorescence) and those
emit light from triplet excitation (phosphorescence) both.

[0004] 2. Description of the Related Art

[0005] With recent flood of data communication, demands
for data communication equipment are increasing. In data
communication equipment, display devices for displaying
images are indispensable. The display devices that are
attracting attention are EL display devices using an EL
element that is a self-luminous element.

[0006] As display units larger in size and higher in defi-
nition are needed in data communication equipment, active
matrix display devices in which each pixel has TFTs are
becoming the main stream display devices.

[0007] FIG. 4 is a block diagram of an active matrix EL
display device. A source signal line driving circuit 402 and
a gate signal line driving circuit 403 are arranged in the
periphery of a pixel portion 401. A signal outputted from the
source signal line driving circuit 402 is inputted to source
signal lines S1 to Sx to be sent to pixels. A signal outputted
from the gate signal line driving circuit 403 is inputted to
gate signal lines G1 to Gy to be sent to pixels. Power supply
lines (power lines) V1 to Vx are arranged in parallel to the
source signal lines to supply current to pixels.

[0008] As one way to reduce the size of a display device
as well as manufacture cost, sometimes a pixel portion and
a driving circuit portion (composed of a source signal line
driving circuit and a gate signal line driving circuit) are
formed on the same substrate. In this case, a polycrystalline
semiconductor film is used to form TFTs that constitute the
pixel portion and the driving circuit portion.

[0009] This can be applied to the active matrix EL display
device of FIG. 4, and an example of the pixel structure
thereof is shown in FIG. 5.

[0010] A switching TFT 504 has a gate electrode con-
nected to a gate signal line G that is one of the gate signal
lines G1 to Gy. The switching TFT also has a source region
and a drain region one of which is connected to a source
signal line S that is one of the source signal lines S1 to Sx
and the other of which is connected to one of gate electrodes
of a capacitor 505 and to a gate electrode of an EL driving
TFT 506. Of two electrodes of the capacitor 505, one that is
not connected to the switching TFT 504 is connected to a
power supply line V that is one of the power supply lines V1
to Vx. The EL driving TFT 506 has a source region and a
drain region one of which is connected to the power supply
line V and the other of which is connected to an EL element
507.
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[0011] In a pixel whose gate signal line G is selected, the
signal electric potential of the source signal line S is inputted
to one of the electrodes of the capacitor 505 through the
switching TFT 504 that has been turned conductive. The
voltage between the electrodes of the capacitor 505 is
applied to the gate electrode of the EL driving TFT 506. In
accordance with this voltage applied, a current flows from
the power supply line V through the EL driving TFT 506 into
the EL element 507 and causes the EL element 507 to emit
light.

[0012] The luminance of light emitted from the EL ele-
ment 507 is almost in proportion with the amount of current
flowing into the EL element 507. Therefore gray scales are
obtained by changing the amount of current flowing into the
EL element 507.

[0013] In the display device shown in FIG. 5, the current
flowing into the EL element 507 is inputted from the power
supply line V through the EL driving TFT 506. The relation
between a drain-source voltage VDS of a TFT and a drain
current ID of the TFT in general is as shown in FIG. 8.

[0014] FIG. 8 is a graph showing plural ID curves
obtained by varying the value of a gate voltage ~V5g. The
drain current I, becomes larger as the absolute value of the
difference between the gate voltage Vg and a threshold
voltage V,;, of the EL driving TFT 506 (|V5s-V,,|) becomes
larger, in other words, as the absolute value [V of the gate
voltage Vg becomes larger.

[0015] When the absolute value |[V,q—V,| of the differ-
ence between the gate voltage V44 and the threshold voltage
V,, of the EL driving TFT 506 is larger than the absolute
value |Vpg| of the drain-source voltage Vig, the TEFT oper-
ates in a linear range. On the other hand, the TFT operates
in a saturation range when [Voq—V,,| is equal to or smaller
than the absolute value |Vpg| of the drain-source voltage
Vis-

[0016] The EL driving TFT 506 generally operates in the
saturation range where the absolute value |[Vg| of the
drain-source voltage Vg is equal to or greater than the
absolute value |Vgg—V,,| of the difference between the gate
voltage Vg and the threshold voltage V,,, of the EL driving
TFT 506.

[0017] In the saturation range, the drain current I, of the
TFT is in proportion to the second power of the gate voltage
Vs as shown in the following Equation 1.

In=(1/2)pueCo (WZ/LZ) (Vos— Vxh)z

[0018] wherein, V,;, represents the threshold voltage, g,
represents the effective mobility, C, represents the capaci-
tance of a gate insulating film per unit area, W represents the
gate width, and L represents the gate length.

[0019] In accordance with this equation, the electric
potential to be inputted to the source signal line S is changed
such that the TFT receives a gate voltage in proportion to the
square root of the desired amount current to be inputted to
the EL element 507. In this way, the EL element is caused
to emit light of desired luminance.

[0020] When an image is to be displayed, an electric
potential according to a desired gray scale is calculated by
Equation 1 and is inputted to the source signal line.

(Equation 1)
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[0021] However, a video signal inputted from the external
generally has an analog electric potential that changes
linearly with respect to the luminance obtained. Therefore
accurate gray scales cannot be obtained when a video signal
supplied from the external is inputted to the signal line as it
is.

[0022] There is a countermeasure in which an external
correction circuit converts the video signal into a drive
signal in advance to suit the characteristics of the EL driving
TFT and then the signal is sampled by the source signal line
driving circuit and outputted to pixels to obtain a given gray
scale.

[0023] This measure, however, complicates the operation
since it requires video signal processing as above before the
signal is inputted to the source signal line driving circuit.
Furthermore, the measure needs the correction circuit in
addition to the source signal line driving circuit to obstruct
reduction in size of the display device.

[0024] Accordingly, a method has to be found which
makes it possible to obtain a given gray scale when a video
signal is inputted directly to the source signal line driving
circuit.

SUMMARY OF THE INVENTION

[0025] The present invention has been made in view of the
above, and an object of the present invention is therefore to
provide a display device having a source signal line driving
circuit that makes a current flowing through an EL element
of a pixel portion linearly correspond to a video signal
inputted from the external and then sampled.

[0026] A given gray scale thus can readily be obtained
when a video signal is inputted directly.

[0027] The structure of the present invention will be
shown below.

[0028] According to the present invention, there is pro-
vided a display device having in each pixel an EL element,
a source signal line, and a driving TFT for driving the EL.
element, the device characterized by comprising:

[0029] means for converting an inputted analog sig-
nal voltage into a current;

[0030] means for converting the current into a gate-
source voltage of a TFT that has the same polarity as
the driving TFT;

[0031] means for supplying the gate-source voltage
as a source line signal to the source signal line; and

[0032] means for supplying the source line signal to
a gate electrode of the driving TFT, and converting
the source line signal into a current in the driving
TFT to drive the EL element.

[0033] According to the present invention, there is pro-
vided a display device having in each pixel a source signal
line, an EL driving TFT, a power supply line, and an EL
element, the source signal line inputting its signal voltage to
a gate electrode of the EL driving TFT, the power supply line
supplying a current to the EL element through the source-
drain of the EL driving TFT, the device characterized in that:

[0034] a correction TFT having the same polarity as
the EL driving TFT is provided;
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[0035] an analog signal voltage sampled is converted
into a signal current linearly corresponding thereto;

[0036] the signal current flows into the source-drain
of the correction TFT to output, to the source signal
line, a drive voltage obtained by adding the gate-
source voltage of the correction TFT to a reference
electric potential; and

[0037] the gate-source voltage of the EL driving TFT
is substantially equal to the gate-source voltage of
the correction TFT when the electric potential of the
power supply line is set as the reference electric
potential.

[0038] According to the present invention, there is pro-
vided a display device having in each pixel a source signal
line, an EL driving TFT, a power supply line, and an EL
element, the source signal line inputting its signal voltage to
a gate electrode of the EL driving TFT, the power supply line
supplying a current to the EL element through the source-
drain of the EL driving TFT, the device characterized in that:

[0039] a signal input line, a switch, a resistor, a
correction TFT, and an operation amplifier are pro-
vided;

[0040] the correction TFT has the same polarity as
the EL driving TFT;

[0041] the resistor has a first terminal and a second
terminal;

[0042] the operation amplifier has a non-inversion
input terminal, an inversion input terminal, and an
output terminal;

[0043] the signal input line is connected to the first
terminal of the resistor through the switch;

[0044] the second terminal of the resistor is con-
nected to the inversion input terminal of the opera-
tion amplifier and to a source region or a drain region
of the correction TFT;

[0045] of the source region and the drain region of
the correction TFT, the one that is not connected to
the inversion input terminal of the operation ampli-
fier is connected to the output terminal of the opera-
tion amplifier and to the source signal line; and

[0046] a gate electrode of the correction TFT is
connected to the drain region or the source region of
the correction TFT.

[0047] The display device may be characterized in that the
electric potential of the non-inversion input terminal of the
operation amplifier is equal to the electric potential of the
power supply line.

[0048] The display device may be characterized in that a
switching TFT is provided and that the source signal line is
connected to a gate electrode of the EL driving TFT through
the source-drain of the switching TFT.

[0049] The display device may be characterized in that a
reset TFT is provided and that the reset TFT has a source
region and a drain region one of which is connected to the
output terminal of the operation amplifier and the other of
which receives a given electric potential.
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[0050] The present invention provides electronic equip-
ment selected from a personal computer, a video camera, a
head mounted display, an image reproducing device, and a
portable information terminal, and characterized by com-
prising the display device described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0051] In the accompanying drawings:

[0052] FIG.1 is a circuit diagram showing the structure of
an EL display device according to the present invention;

[0053] FIG. 2 is a graph showing the relation between an
input voltage and the luminance of an EL element in the EL
display device of the present invention;

[0054] FIG. 3 is a timing chart of the EL display device
according to the present invention;

[0055] FIG. 4 is a diagram showing the structure of a
conventional EL display device;

[0056] FIG. 5 is a diagram showing the structure of a pixel
of the conventional EL display device;

[0057] FIG. 6 is a circuit diagram showing the structure of
another EL display device according to the present inven-
tion;

[0058] FIG. 7 is a timing chart of the EL display device
according to the present invention,

[0059] FIG. 8 is a diagram showing the operation range of
an EL driving TFT of analog gray scale system;

[0060] FIG.9 is a circuit diagram showing the structure of
still another EL display device according to the present
invention;

[0061] FIG. 10 is a timing chart of the EL display device
according to the present invention;

[0062] FIG. 11 is a diagram showing the structure of yet
still another EL display device according to the present
invention;

[0063] FIG. 12 is a timing chart of the EL display device
according to the present invention;

[0064] FIG. 13A is a top view of the EL display device
according to the present invention and FIGS. 13B and 13C
are sectional views thereof;

[0065] FIGS. 14A to 14C are diagrams showing a process
of manufacturing an EL display device according to the
present invention,

[0066] FIGS. 15A to 15C are diagrams showing the
process of manufacturing an EL display device according to
the present invention;

[0067] FIGS. 16A and 16B are diagrams showing the
process of manufacturing an EL display device according to
the present invention;

[0068] FIG. 17 is a diagram showing the process of
manufacturing an EL display device according to the present
invention;

[0069] FIGS. 18A to 18E are diagrams showing electronic
equipment employing an EL display device of the present
invention; and
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[0070] FIG. 19 is a circuit diagram showing the structure
of an EL display device according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0071] Embodiment Mode

[0072] The structure of the present invention will be
described with reference to FIG. 1.

[0073] FIG. 1 shows a pixel 115 of an EL display device
according to the present invention, as well as a portion 118
of a source signal line driving circuit for inputting a signal
to the pixel.

[0074] The portion 118 of the source signal line driving
circuit is composed of a diode 101, a resistor 103, an
operation amplifier 104, an analog signal input line (signal
input line) 107, a signal line 108, a switch (switching
element) 109, and a reset TFT 117. The diode 101 consists
of a correction TFT 114 in which a gate electrode and a drain
region are electrically connected to each other.

[0075] The correction TFT 114 is a p-channel TFT. The
reset TFT 117 may either be a p-channel TFT or an n-chan-
nel TFT.

[0076] The pixel is composed of an EL driving TFT 102,
a power supply line (power line) 105, a source signal line
106, a gate signal line 113, a switching TFT 111, an EL
element 112, and a capacitor 119. The EL driving TFT 102
is a p-channel TFT. The switching TFT 111 may either be a
p-channel TFT or an n-channel TFT.

[0077] The EL driving TFT and the correction TFT are
both p-channel TFTs here, but n-channel TFTs may be used
for the EL driving TFT and the correction TFT. However, the
EL driving TFT and the correction TFT have to have the
same polarity and almost the same threshold voltage.

[0078] The analog signal input line 107 is connected to the
signal line 108, which is connected through the switch 109
to the resistor 103. The resistor 103 is connected to an
inversion input terminal 1165 of the operation amplifier 104.
The inversion input terminal 116b of the operation amplifier
104 is connected to a source region of the correction TFT
114. The operation amplifier 104 has a non-inversion input
terminal 1164, to which a reference electric potential V_; is
inputted. An output terminal of the operation amplifier 104
is connected to a drain region of the correction TFT 114 and
to the source signal line 106. The reset TFT 117 has a source
region and a drain region one of which is connected to the
source signal line 106 and the other of which is grounded.

[0079] The switching TFT 111 has a gate electrode con-
nected to the gate signal line 113. The switching TFT 111
also has a source region and a drain region one of which is
connected to the source signal line 106 and the other of
which is connected to a gate electrode of the EL driving TFT
102 and to one of two electrodes of the capacitor 119. The
EL driving TFT 102 has a source region connected to the
power supply line 105 and has a drain region connected to
an anode of the EL element 112. The other electrode of the
capacitor 119 is connected to the power supply line 105. A
cathode of the EL element 112 is connected to a reference
power line, which is not shown in FIG. 1.

[0080] A method of driving the display device shown in
FIG. 1 will be described.
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[0081] A signal voltage V,, of a video signal inputted to
the analog signal input line 107 is sampled when the switch
109 is opened or closed. The signal voltage is then inputted
to the signal line 108.

[0082] The signal electric potential V,, here is equal to or
larger than the reference electric potential V . A signal
having a greater V,, value represents a higher luminance.

[0083] The inversion input terminal 1165 and the output
terminal of the operation amplifier 104 are connected to each
other through the diode 101. Therefore the electric potential
of the inversion input terminal 1165 is the same as the
electric potential of the non-inversion input terminal 116a.
In other words, the electric potential of the inversion input
terminal 1165 is equal to the reference electric potential V ;.
Then the voltage in the resistor 103 is V, -V _. and a current
I, expressed as Equation 2 flows through the resistor 103.

5=(Vin-Vie)R

[0084] The current I, flows through the resistor from the
side connected to the analog signal input line 107 toward the
side connected to the inversion input terminal 116b.

(Equation 2)

[0085] R represents the resistance of the resistor 103. The
current I, is inputted to the diode 101. The drain current of
the correction TFT 114 that constitutes the diode 101 cor-
responds to the current I;. Since the drain region and the gate
electrode are connected to each other in the correction TFT
114, the gate voltage of the TFT 114 is equal to the
drain-source voltage thereof. Therefore the correction TFT
114 operates in the saturation range.

[0086] Being a p-channel TFT, the correction TFT 114 is
not turned conductive unless the electric potential of the
correction TFT becomes higher on the side connected to the
inversion input terminal 1165 of the operation amplifier 104
than the side connected to the output terminal of the opera-
tion amplifier 104.

[0087] Therefore the correction TFT on the side connected
to the inversion input terminal 1165 of the operation ampli-
fier 104 serves as a source region whereas the side connected
to the output terminal of the operation amplifier 104 serves
as a drain region. The correction TFT thus functions as a
diode that allows a current to flow in only one direction.

[0088] Equation 1 given in the above is applicable to a
TFT that operates in the saturation range. The gate voltage
is obtained by transforming Equation 1. Based on this
transformation, the gate voltage V54, when the drain current
is I, is obtained by Equation 3.

Vas1==VV2ZLTReCo) L/ W )+Vie
[0089] wherein, W, represents the gate width of the cor-
rection TFT 114, L; represents the gate length of the cor-

rection TFT 114, and V,, ; represents the threshold voltage of
the correction TFT 114.

(Equation 3)

[0090] However, the gate voltage Vo, and the threshold
voltage V,; are usually O or smaller since the correction
TFT 114 here is a p-channel TFT.

[0091] Initially, the reset TFT 117 is conductive and the
electric potential of the source signal line 106 is set to 0 V.

[0092] Then the reset TFT 117 is turned unconductive.
Since the gate voltage and the drain-source voltage are equal
to each other in the correction TFT 114, an electric potential
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V.t Vg (the reference electric potential shifted by the
voltage Vg,) is inputted to the source signal line.

[0093] Before the electric potential V _+V g, is inputted
to the source signal line 106, the electric potential of the
source signal line 106 is set to 0 V by turning the reset TFT
117 conductive. This is carried out in anticipation for the
case in which the electric potential of the source signal line
106 in a certain state is raised higher than the electric
potential of the inversion input terminal 1165 of the opera-
tion amplifier 104 determined by a signal electric potential
next inputted to the analog signal input line 107. In this case,
the source region and the drain region interchanges their
places in the correction TFT 114 to make the correction TFT
114 unconductive and block feedback between the input and
output of the operation amplifier 104. The invention avoids
this situation by setting the electric potential of the source
signal line to 0 V initially.

[0094] The electric potential given to the output terminal
of the operation amplifier 104 when the reset TFT 117 is
turned conductive is not limited to 0 V. In general, the output
terminal receives an electric potential set equal to or lower
than the lowest electric potential outputted to the source
signal line (hereinafter referred to as lowest electric potential
Vg1ow) Which corresponds to the highest electric potential
of the signal inputted to the analog signal input line. In other
words, the electric potential of the output terminal of the
operation amplifier 104 is set so as to be equal to or lower
than the lowest electric potential Vg; oy by turning the reset
TFT 117 conductive.

[0095] The operation of setting the electric potential of the
output terminal of the operation amplifier to the lowest
electric potential Vg; oy, s0 that the correction TET that is a
p-channel TFT is always conductive is called a reset opera-
tion in this specification.

[0096] The reset operation can be carried out during the
retrace period (horizontal retrace period) or other times.

[0097] The electric potential V, +V g, inputted to the
source signal line 106 is inputted to the capacitor 119 and to
the gate electrode of the EL driving TFT 102 through the
switching TFT 111, which has been turned conductive upon
input of a signal to the gate signal line 113. The electric
potential of the power supply line 105 (power supply electric
potential) is set to the same level as the reference electric
potential V... Accordingly, the source region of the EL
driving TFT 102 in a conductive state has an electric
potential equal to V.

[0098] At this point, a gate voltage V5, of the EL driving
TFT 102 is equal to the gate voltage Vg, of the correction
TFT 114.

[0099] If the EL driving TFT 102 also operates in the
saturation range, Equation 1 is applicable to the TFT 102.
The drain current of the TFT 102 in this case is given as L,
which is obtained by Equation 4.

L=(1/2)ueCo(WolL 1) (Vs1—Vina)”
[0100] wherein, V,,, represents the threshold voltage of
the EL driving TFT 102, and W, and L, represent the gate
width and the gate length of the EL driving TFT 102,
respectively.

[0101] If the threshold voltage V,, ; of the correction TFT
114 is almost equal to the threshold voltage V.., of the EL.

(Equation 4)
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driving TFT 102, the drain current I, of the EL driving TFT
102 is independent of the threshold voltage of the two TFTs
as shown in Equation 5.

L=L,(Wo/L,)(L /W) (Equation 5)

[0102] In this way, the current I, that corresponds to the
current I, linearly can be inputted to the EL element 112.

[0103] Equation 2 shows that the current I, is in proportion
to the input electric potential V. FIG. 2 is a graph showing
the relation between the signal electric potential V, of a
video signal and the luminance of the EL element in the EL
display device structured as above. The axis of abscissa
indicates the signal electric potential V,, of the video signal
and the axis of ordinate indicates the luminance of the EL.
element. As the graph shows, the EL element 112 can emit
light at a luminance linearly corresponding to the input
voltage V, .

[0104] FIG. 3 is a timing chart illustrating the operation of
the EL display device structured as shown in FIG. 1. The EL
display device has source signal lines S1 to Sx (x lines in
total), power supply lines V1 to Vx (x lines in total), and gate
signal lines G1 to Gy (y lines in total).

[0105] The switching TFT and the reset TFT here are
n-channel TFTs. If p-channel TFTs are used for the switch-
ing TFT and the reset TFT, the phase of the signals inputted
to the gate signal lines G1 to Gy and to the gate electrode of
the reset TFT is reversed.

[0106] First, signals are inputted to the gate signal line G1
to turn every switching TFT that is connected to the gate
signal line G1 conductive. The period during which the gate
signal line G1 is selected is called a first line period L1. In
the first line period L1, signals inputted from the analog
signal input line are sequentially inputted to the source
signal lines S1 to Sx. Each EL clement emits light at a
luminance corresponding to the inputted signal electric
potential.

[0107] After inputting the signals to all of the source
signal lines S1 to Sx is completed, a retrace period Lb is
provided in order to input signals to the source signal lines
again starting from S1. During the retrace period Lb, a signal
Res is inputted to the gate electrode of the reset TFT to turn
the reset TFT conductive, so that the electric potential is set
to 0 V in all of the source signal lines S1 to Sx.

[0108] Thereafter, signals are inputted to the gate signal
line G2 to turn every switching TFT that is connected to the
gate signal line G2 conductive. Thus started is a second line
period L.2. Similar to the first line period L1, signals inputted
from the analog signal input line are sequentially inputted to
the source signal lines S1 to Sx during the second line period
L2. Each EL element emits light at a luminance correspond-
ing to the inputted signal electric potential.

[0109] After inputting the signals to all of the source
signal lines S1 to Sx is completed, a retrace period Lb is
provided in order to input signals to the source signal lines
again starting from S1. During the retrace period Lb, a signal
Res is inputted to the gate electrode of the reset TFT to turn
the reset TFT conductive, so that the electric potential is set
to 0 V in all of the source signal lines S1 to Sx.

[0110] The same operation is repeated for all of the gate
signal lines G1 to Gy to display one image. A period the
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display device takes to display one image is called one frame
period. The operations above completes one frame period
F1.

[0111] After completion of the frame period F1, the gate
signal line G1 is again selected to start a second frame period
F2.

[0112] The EL display device shown in FIG. 1 in accor-
dance with the present invention displays images by repeat-
ing the above operations.

[0113] A buffer circuit 190 may be placed between the
switch 109 and the resistor 103 as shown in FIG. 19. The
buffer circuit 190 is composed of a buffer 191 and a
capacitor 192.

[0114] Embodiments of the present invention will be
described below.

[0115]

[0116] This embodiment describes with reference to FIG.
9 a case of using n-channel TFTs for the correction TFT and
the EL driving TFT in FIG. 1. Components in FIG. 9 that
are identical with those in FIG. 1 are denoted by the same
symbols.

[0117] FIG. 9 shows a pixel 115 of an EL display device
according to the present invention, as well as a portion 118
of a source signal line driving circuit for inputting a signal
to the pixel.

[0118] The portion 118 of the source signal line driving
circuit is composed of a diode 101, a resistor 103, an
operation amplifier 104, an analog signal input line 107, a
signal line 108, a switch 109, and a reset TFT 117. The diode
101 consists of a correction TFT 914 in which a gate
electrode and a drain region are electrically connected to
each other.

[0119] The correction TFT 914 is an n-channel TFT. The
reset TFT 117 may either be a p-channel TFT or an n-chan-
nel TFT.

[0120] The pixel 115 is composed of an EL driving TFT
902, a power supply line 105, a source signal line 106, a
switching TFT 111, an EL element 112, a gate signal line
113, and a capacitor 119. The EL driving TFT 902 is an
n-channel TFT. The switching TFT 111 may either be a
p-channel TFT or an n-channel TFT.

[0121] The analog signal input line 107 is connected to the
signal line 108, which is connected through the switch 109
to the resistor 103. The resistor 103 is connected to an
inversion input terminal 1165 of the operation amplifier 104.
The inversion input terminal 116b of the operation amplifier
104 is connected to a source region of the correction TFT
914. The operation amplifier 104 has a non-inversion input
terminal 1164, to which a reference electric potential V¢ is
inputted. An output terminal of the operation amplifier 104
is connected to a drain region of the correction TFT 914 and
to the source signal line 106. The reset TFT 117 has a source
region and a drain region one of which is connected to the
source signal line 106 and the other of which is grounded.

[0122] The switching TFT 111 has a gate electrode con-
nected to the gate signal line 113. The switching TFT 111
also has a source region and a drain region one of which is
connected to the source signal line 106 and the other of
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which is connected to a gate electrode of the EL driving TFT
902 and to one of two electrodes of the capacitor 119. The
EL driving TFT 902 has a source region connected to the
power supply line 105 and has a drain region connected to
a cathode of the EL element 112. The other electrode of the
capacitor 119 is connected to the power supply line 105. An
anode of the EL element 112 is connected to a reference
power line, which is not shown in FIG. 9.

[0123] A method of driving the display device shown in
FIG. 9 will be described.

[0124] A signal voltage V,, of a video signal inputted to
the analog signal input line 107 is sampled when the switch
109 is opened or closed. The signal voltage is then inputted
to the signal line 108.

[0125] Inthis embodiment, the signal electric potential V;,
is equal to or smaller than the reference electric potential
V,.r A signal having a smaller V,, value represents a higher
luminance.

[0126] The inversion input terminal 1165 and the output
terminal of the operation amplifier 104 are connected to each
other through the diode 101. Therefore the electric potential
of the inversion input terminal 1165 is the same as the
electric potential of the non-inversion input terminal 116a.
In other words, the electric potential of the non-inversion
input terminal 1165 is equal to the reference electric poten-
tial V. Then, the voltage in the resistor 103 is V__~V, and
a current I, expressed as Equation 6 flows through the
resistor 103.

5i=(Vier Vin)/R

[0127] In this embodiment, the current I, flows through
the resistor from the side connected to the inversion input
terminal 116 of the operation amplifier 104 toward the side
connected to the analog signal input line 107.

(Equation 6)

[0128] Herein, R represents the resistance of the resistor
103. The current I, flows through the diode 101. The drain
current of the correction TFT 914 that constitutes the diode
101 corresponds to the current ;. Since the drain region and
the gate electrode are connected to each other in the cor-
rection TFT 914, the gate voltage of the TFT 914 is equal to
the drain-source voltage thereof. Therefore the correction
TFT 914 operates in the saturation range.

[0129] Being an n-channel TFT, the correction TFT 914 is
not turned conductive unless the electric potential of the
correction TFT becomes lower on the side connected to the
inversion input terminal 1165 of the operation amplifier 104
than the side connected to the output terminal of the opera-
tion amplifier 104.

[0130] Therefore the correction TFT 914 on the side
connected to the inversion input terminal 1165 of the opera-
tion amplifier 104 serves as a source region whereas the side
connected to the output terminal of the operation amplifier
104 serves as a drain region. The correction TFT thus
functions as a diode that allows a current to flow in only one
direction.

[0131] Equation 1 given in the above is applicable to a
TFT that operates in the saturation range. The gate voltage
is obtained by transforming Equation 1. Based on this
transformation, the gate voltage V45, when the drain current
is I, is obtained by Equation 7.

Vas1=VV2L TCo T/ W)+ Vin

(Equation 7)
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[0132] where, W, represents the gate width of the correc-
tion TFT 914, L, represents the gate length of the correction
TFT 914, and V,,; represents the threshold voltage of the
correction TFT 914.

[0133] Initially, the reset TFT 117 is conductive and the
electric potential of the source signal line 106 is set to 0 V.

[0134] Then the reset TFT 117 is turned unconductive.
Since the gate voltage and the drain-source voltage are equal
to each other in the correction TFT 914, an electric potential
V,.¢+ Vg, (the reference electric potential V_; shifted by the
voltage Vq,) is inputted to the source signal line 106.

[0135] Before the electric potential V _+V; is inputted
to the source signal line 106, the clectric potential of the
source signal line 106 is set to 0 V by the reset TFT 117. This
is carried out in anticipation for the case in which the electric
potential of the source signal line 106 in a certain state is
reduced lower than the electric potential of the inversion
input terminal 1165 of the operation amplifier 104 changed
by a signal electric potential inputted next. In this case, the
source region and the drain region interchange their places
in the correction TFT 914 to make the correction TFT 914
unconductive and block feedback between the input and
output of the operation amplifier 104. The present invention
avoids this situation by setting the electric potential of the
source signal line to 0 V during the retrace period (horizontal
retrace period).

[0136] The electric potential given to the output terminal
of the operation amplifier 104 when the reset TFT 117 is
turned conductive is not limited to 0 V. In general, the output
terminal receives an electric potential set equal to or higher
than the highest electric potential outputted to the source
signal line (hereinafter referred to as highest electric poten-
tial Vg;y;) which corresponds to the lowest electric potential
of the signal inputted to the analog signal input line. In other
words, the electric potential of the output terminal of the
operation amplifier 104 is set so as to be equal to or higher
than the highest electric potential Vgy; by turning the reset
TFT 117 conductive.

[0137] The operation of setting the electric potential of the
output terminal of the operation amplifier to the highest
electric potential so that the correction TFT that is an
n-channel TFT is always conductive is called a reset opera-
tion.

[0138] The electric potential V, +Vsg, inputted to the
source signal line 106 is inputted to the capacitor 119 and to
the gate electrode of the EL driving TFT 902 through the
switching TFT 111, which has been turned conductive upon
input of a signal to the gate signal line 113. The electric
potential of the power supply line 105 (power supply electric
potential) is set to the same level as the reference electric
potential V_ ;. Accordingly, the source region of the EL
driving TFT 902 in a conductive state has an electric
potential equal to V.

[0139] At this point, a gate voltage Vg, of the EL driving
TFT 902 is equal to the gate voltage V4, of the correction
TFT 914. If the EL driving TFT 902 also operates in the
saturation range, Equation 1 is applicable to the TFT 902.
The drain current of the TFT 902 in this case is given as L,,
which is obtained by Equation 8.

L=(1/2)/1toCo WolL2)(Ves1~Vinz)” (Bquation 8)



US 2003/0107534 Al

[0140] where, V5, represents the threshold voltage of the
EL driving TFT 902, and W, and L, represent the gate width
and the gate length of the EL driving TFT 902, respectively.

[0141] If the threshold voltage V,, , of the correction TFT
914 is almost equal to the threshold voltage V,,,, of the EL.
driving TFT 902, the drain current I, of the EL driving TFT
902 is independent of each threshold voltage of the two
TFTs as shown in Equation 9.

L=l (Wo/Lo)(L 1 /W) (Equation 9)

[0142] In this way, the current I, that corresponds to the
current I; linearly can be inputted to the EL element 112.

[0143] Equation 6 shows that the current I, is in proportion
to the mput electric potential V. Thus the EL element 112
can emit light at a luminance linearly corresponding to the
input potential V, .

[0144] FIG. 10 is a timing chart illustrating the operation
of the EL display device structured as shown in FIG. 9. The
EL display device has source signal lines S1 to Sx (x lines
in total), power supply lines V1 to Vx (x lines in total), and
gate signal lines G1 to Gy (y lines in total).

[0145] The switching TFT 111 and the reset TFT 117 here
are n-channel TFTs. If p-channel TFTs are used for the
switching TFT and the reset TFT, the phase of the signals
inputted to the gate signal lines G1 to Gy and to the gate
electrode of the reset TFT 117 is reversed.

[0146] First, signals are inputted to the gate signal line G1
to turn every switching TFT 111 that is connected to the gate
signal line G1 conductive. The period during which the gate
signal line G1 is selected is called a first line period L1. In
the first line period L1, signals inputted from the analog
signal input line 107 are sequentially inputted to the source
signal lines S1 to Sx. Each EL element 112 emits light at a
luminance corresponding to the inputted signal electric
potential.

[0147] After inputting the signals to all of the source
signal lines S1 to Sx is completed, a retrace period Lb is
provided in order to input signals to the source signal lines
again starting from S1. During the retrace period Lb, a signal
Res is inputted to the gate electrode of the reset TFT 117 to
turn the reset TFT 117 conductive, so that the electric
potential is set to O V in all of the source signal lines S1 to
Sx.

[0148] Thereafter, signals are inputted to the gate signal
line G2 to turn every switching TFT 111 that is connected to
the gate signal line G2 conductive. Thus started is a second
line period L2. Similar to the first line period L1, signals
inputted from the analog signal input line 107 are sequen-
tially inputted to the source signal lines S1 to Sx during the
second line period L.2. Each EL element 112 emits light at
a luminance corresponding to the inputted signal electric
potential.

[0149] After inputting the signals to all of the source
signal lines S1 to Sx is completed, a retrace period Lb is
provided in order to input signals to the source signal lines
again starting from S1. During the retrace period Lb, a signal
Res is inputted to the gate electrode of the reset TFT to turn
the reset TEFT conductive, so that the electric potential is set
to 0 V in all of the source signal lines S1 to Sx.
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[0150] The same operation is repeated for all of the gate
signal lines G1 to Gy to display one image. A period the
display device takes to display one image is called one frame
period. The operation above completes one frame period F1.

[0151] After completion of the frame period F1, the gate
signal line G1 is again selected to start a second frame period
F2.

[0152] The EL display device shown in FIG. 9 in accor-
dance with the present invention displays images by repeat-
ing the above operations.

[0153]

[0154] This embodiment describes a driving circuit having
a structure different from the one in FIG. 1.

[0155] FIG. 6 shows the structure of the driving circuit
according to this embodiment. Components in FIG. 6 that
are identical with those in FIG. 1 are denoted by the same
symbols and explanations thereof are omitted. Unlike FIG.
1, the reset TFT 117 is not provided in FIG. 6.

[0156] For that reason, measures other than the reset TFT
are taken to reduce the electric potential of the source signal
line 106 prior to input of a signal to a level lower than the
electric potential of the inversion input terminal 1165 of the
operation amplifier 104 determined by a video signal input-
ted next. The period assigned to reduce the electric potential
of the source signal line 106 prior to input of a signal to a
level lower than the electric potential of the inversion input
terminal 116b of the operation amplifier 104 determined by
a video signal inputted next, is called a reset period.

[0157] In FIG. 6, an electric potential V, inputted to the
non-inversion input terminal 1064 of the operation amplifier
104 is kept at the reference electric potential V, . while a
video signal is sampled. On the other hand, V, is reduced to
an electric potential Vi oy during the reset period. The
electric potential V; oy, 1s always set to a level lower than the
electric potential of the inversion input terminal 1165 of the
operation amplifier 104 whatever electric potential the inver-
sion input terminal takes due to a video signal inputted from
the external.

[0158] Therefore the electric potential Vi oy, is set to a
level equal to or lower than the reference electric potential
Vref'

[0159] In the reset period, the electric potential of the
non-inversion input terminal 106« of the operation amplifier
104 is equal to the electric potential V; oy -

[0160] Then the electric potential of the non-inversion
input terminal 116« is lower than the electric potential of the
inversion input terminal 10165 to cause the operation ampli-
fier 104 to output a low power supply electric potential. In
this way, the output terminal of the operation amplifier is
kept to a sufficiently low electric potential.

[0161] The electric potential of the source signal line 106
is thus reduced to a level equal to or lower than V; oy

[0162] After the reset period, the electric potential of the
non-inversion input terminal 1164 of the operation amplifier
104 is returned to V.. and then a video signal is inputted.
Since the electric potential of the inversion input terminal
1165 of the operation amplifier 104 is always higher than the
electric potential Vi o, the diode 101 keeps operating in a
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conductive state (without being accidentally turned uncon-
ductive) to effect feedback between the input and output of
the operation amplifier 104. The operation amplifier thus
operates so as to equalize the electric potential of the
non-inversion input terminal 116a with the electric potential
of the inversion input terminal 116b.

[0163] The reset period is provided within the retrace
period (horizontal retrace period).

[0164] The other operations are the same as those in
Embodiment Mode.

[0165] FIG.7 is a timing chart illustrating the operation of
the EL display device structured as shown in FIG. 6. The EL.
display device has source signal lines S1 to Sx (x lines in
total), power supply lines V1 to Vx (x lines in total), and gate
signal lines G1 to Gy (y lines in total).

[0166] The switching TFT 111 here is an n-channel TFT.
If a p-channel TFT is used for the switching TFT, the phase
of the signal inputted to the gate signal lines G1 to Gy is
reversed.

[0167] First, signals are inputted to the gate signal line G1
to turn every switching TFT 111 that is connected to the gate
signal line G1 conductive. The period during which the gate
signal line G1 is selected is called a first line period L1. In
the first line period L1, signals inputted from the analog
signal input line 107 are sequentially inputted to the source
signal lines S1 to Sx. Each EL element 112 emits light at a
luminance corresponding to the inputted signal electric
potential.

[0168] After inputting the signals to all of the source
signal lines S1 to Sx is completed, a retrace period (hori-
zontal retrace period) Lb is provided in order to input signals
to the source signal lines again starting from S1. During the
retrace period Lb, the electric potential V| , is inputted to
the non-inversion input terminal 116a of the operation
amplifier 104 to set the electric potential to a level equal to
or lower than V; oy, in all of the source signal lines S1 to Sx.

[0169] Thereafter, signals are inputted to the gate signal
line G2 to turn every switching TFT 111 that is connected to
the gate signal line G2 conductive. Thus started is a second
line period 1.2. Similar to the first line period L1, signals
inputted from the analog signal input line 107 are sequen-
tially inputted to the source signal lines S1 to Sx during the
second line period 1.2. Each EL element 112 emits light at
a luminance corresponding to the inputted signal electric
potential.

[0170] After inputting the signals to all of the source
signal lines S1 to Sx is completed, a retrace period Lb is
provided in order to input signals to the source signal lines
again starting from S1. During the retrace period Lb, the
electric potential V| oy, is inputted to the non-inversion
input terminal 1164 of the operation amplifier 104 to set the
electric potential to a level equal to or lower than V; oy, in
all of the source signal lines S1 to Sx.

[0171] The same operation is repeated for all of the gate
signal lines G1 to Gy to display one image. A period the
display device takes to display one image is called one frame
period. The operations above complete a first frame period
F1.

[0172] After completion of the first frame period F1, the
gate signal line G1 is again selected to start a second frame
period F2.
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[0173] The EL display device shown in FIG. 6 in accor-
dance with the present invention displays images by repeat-
ing the above operations.

[0174]

[0175] This embodiment describes a driving circuit having
a structure different from the one in FIG. 9.

[0176] FIG. 11 shows the structure of the driving circuit
according to this embodiment. Components in FIG. 11 that
are identical with those in FIG. 9 are denoted by the same

symbols and explanations thereof are omitted. Unlike in
FIG. 9, no reset TFT 117 is provided in FIG. 11.

[0177] For that reason, measures other than the reset TFT
are taken to raise the electric potential of the source signal
line 106 prior to input of a signal to a level higher than the
electric potential of the inversion input terminal 1165 of the
operation amplifier 104 determined by a video signal input-
ted next. The period assigned to raise the electric potential
of the source signal line 106 prior to input of a signal to a
level higher than the electric potential of the inversion input
terminal 116b of the operation amplifier 104 determined by
a video signal inputted next, is called a reset period.

[0178] In FIG. 11, an electric potential V, inputted to the
non-inversion input terminal 106« of the operation amplifier
104 is kept at the reference electric potential V, . while a
video signal is sampled. On the other hand, V, is raised to
an electric potential Vy; during the reset period. The electric
potential Vi, is always set to a level higher than the electric
potential of the inversion input terminal 1165 of the opera-
tion amplifier 104 whatever electric potential the inversion
input terminal takes due to a video signal inputted from the
external.

[0179] In other words, the electric potential Vi, is set to a
level equal to or higher than the reference electric potential
Vref'

[0180] Then the electric potential of the non-inversion
input terminal 106¢a is higher than the electric potential of
the inversion input terminal 1065 to cause the operation
amplifier 104 to output a high power supply electric poten-
tial. In this way, the output terminal of the operation ampli-
fier is kept to a sufficiently high electric potential.

[0181] In the reset period, the electric potential of the
output terminal of the operation amplifier 104 is equal to or
higher than Viy,. After the reset period, the electric potential
of the non-inversion terminal 1164 of the operation amplifier
104 is returned to V,; and then a video signal is inputted.
Since the electric potential of the inversion input terminal
1165 of the operation amplifier 104 is always lower than the
electric potential Vi, the diode 101 keeps operating in a
conductive state (without being accidentally turned uncon-
ductive) to effect feedback between the input and output of
the operation amplifier 104. The operation amplifier thus
operates so as to equalize the electric potential of the
non-inversion input terminal 1164 with the electric potential
of the inversion input terminal 1165.

[0182] The reset period is provided within the retrace
period (horizontal retrace period).

[0183] The other operations are the same as those in
Embodiment 1.
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[0184] FIG. 12 is a timing chart illustrating the operation
of the EL display device structured as shown in FIG. 11. The
EL display device has source signal lines S1 to Sx (x lines
in total), power supply lines V1 to Vx (x lines in total), and
gate signal lines G1 to Gy (y lines in total).

[0185] The switching TFT 111 here is an n-channel TFT.
If a p-channel TFT is used for the switching TFT, the phase
of the signal inputted to the gate signal lines G1 to Gy is
reversed.

[0186] First, signals are inputted to the gate signal line G1
to turn every switching TFT 111 that is connected to the gate
signal line G1 conductive. The period during which the gate
signal line G1 is selected is called a first line period L1. In
the first line period L1, signals inputted from the analog
signal input line 107 are sequentially inputted to the source
signal lines S1 to Sx. Each EL element 112 emits light at a
luminance corresponding to the inputted signal electric
potential.

[0187] After inputting the signals to all of the source
signal lines S1 to Sx is completed, a retrace period (hori-
zontal retrace period) Lb is provided in order to input signals
to the source signal lines again starting from S1. During the
retrace period Lb, the electric potential V, is inputted to the
non-inversion input terminal 116a of the operation amplifier
104 to set the electric potential to a level equal to or higher
than Vi, in all of the source signal lines S1 to Sx.

[0188] Thereafter, signals are inputted to the gate signal
line G2 to turn every switching TFT 111 that is connected to
the gate signal line G2 conductive. Thus started is a second
line period L2. Similar to the first line period L1, signals
inputted from the analog signal input line 107 are sequen-
tially inputted to the source signal lines S1 to Sx during the
second line period L.2. Each EL element 112 emits light at
a luminance corresponding to the inputted signal electric
potential.

[0189] After inputting the signals to all of the source
signal lines S1 to Sx is completed, a retrace period Lb is
provided in order to input signals to the source signal lines
again starting from S1. During the retrace period Lb, the
electric potential Vi is inputted to the non-inversion input
terminal 116a of the operation amplifier 104 to set the
electric potential to a level equal to or higher than Vi in all
of the source signal lines S1 to Sx.

[0190] The same operation is repeated for all of the gate
signal lines G1 to Gy to display one image. A period the
display device takes to display one image is called one frame
period. The operations above complete a first frame period
F1.

[0191] After completion of the first frame period F1, the
gate signal line G1 is again selected to start a second frame
period F2.

[0192] The EL display device shown in FIG. 11 in accor-
dance with the present invention displays images by repeat-
ing the above operations.

[0193] Embodiment 4

[0194] In this embodiment, a method of simultaneously
manufacturing TFTs (n-channel TFT and p-channel TFT) in
a pixel portion and a driver circuit provided in the periphery
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of the pixel portion on the same substrate in the EL display
of the present invention is described in detail with reference
to FIGS. 14 to 17.

[0195] First, in this embodiment, a substrate 300 is used,
which is made of glass such as barium borosilicate glass or
alumino borosilicate glass, typified by #7059 glass or #1737
glass of Corning Inc. There is no limitation on the substrate
300 as long as a substrate having a light transmitting
property is used, and a quartz substrate may also be used. In
addition, a plastic substrate having heat resistance to a
treatment temperature of this embodiment may also be used.

[0196] Then, a base film 301 formed of an insulating film
such as a silicon oxide film, a silicon nitride film or a silicon
oxynitride film is formed on the substrate 300. In this
embodiment, a two-layer structure is used for the base film
301. However, a single layer film or a lamination structure
consisting of two or more layers of the insulating film may
also be used. As a first layer of the base film 301, a silicon
oxynitride film 301« is formed with a thickness of 10 to 200
nm (preferably 50 to 100 nm) using SiH,,, NH;, and N,O as
reaction gases by a plasma CVD method. In this embodi-
ment, the silicon oxynitride film 301a (composition ratio
Si=32%, 0=27%, N=24% and H=17%) having a film thick-
ness of 50 nm is formed. Then, as a second layer of the base
film 301, a silicon oxynitride film 3015 is formed so as to be
laminated on the first layer with a thickness of 50 to 200 nm
(preferably 100 to 150 nm) using SiH, and N,O as reaction
gases by the plasma CVD method. In this embodiment, the
silicon oxynitride film 301b (composition ratio Si=32%,
0=59%, N=7% and H=2%) having a film thickness of 100
nm is formed.

[0197] Subsequently, semiconductor layers 302 to 305 are
formed on the base film. The semiconductor layers 302 to
305 are formed such that a semiconductor film having an
amorphous structure is formed by a known method (a
sputtering method, an LPCVD method, a plasma CVD
method or the like), and is subjected to a known crystalli-
zation process (a laser crystallization method, a thermal
crystallization method, a thermal crystallization method
using a catalyst such as nickel, or the like) to obtain a
crystalline semiconductor film, and the crystalline semicon-
ductor film is patterned into desired shapes. The semicon-
ductor layers 302 to 305 are formed with a thickness of 25
to 80 nm (preferably 30 to 60 nm). The material of the
crystalline semiconductor film is not particularly limited, but
it is preferable to form the film using silicon, a silicon
germanium (Si,Ge,_(X=0.0001 to 0.02)) alloy, or the like.
In this embodiment, an amorphous silicon film of 55 nm
thickness is formed by a plasma CVD method, and then, a
nickel-containing solution is held on the amorphous silicon
film. A dehydrogenation process of the amorphous silicon
film is performed (at 500° C. for 1 hour), and thereafter a
thermal crystallization process is performed (at 550° C. for
4 hours) thereto. Further, to improve the crystallinity, a laser
annealing process is performed to form the crystalline
silicon film. Then, this crystalline silicon film is subjected to
a patterning process using a photolithography method to
obtain the semiconductor layers 302 to 305.

[0198] Further, after the formation of the semiconductor
layers 302 to 305, a minute amount of impurity element
(boron or phosphorus) may be doped to control a threshold
value of the TFT.
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[0199] Besides, in the case where the crystalline semicon-
ductor film is manufactured by the laser crystallization
method, a pulse oscillation type or continuous emission type
excimer laser, YAG laser, or YVO, laser may be used. In the
case where those lasers are used, it is appropriate to use a
method in which laser light radiated from a laser oscillator
is condensed into a linear shape by an optical system, and is
irradiated to the semiconductor film. Although the condi-
tions of crystallization should be properly selected by an
operator, in the case where the excimer laser is used, a pulse
oscillation frequency is set to 30 Hz, and a laser energy
density is set to 100 to 400 mJ/cm? (typically 200 to 300
mJ/cm?). In the case where the YAG laser is used, it is
appropriate to set a pulse oscillation frequency as 1 to 10 Hz
using the second harmonic, and to set a laser energy density
to 300 to 600 mJ/cm? (typically, 350 to 500 mJ/cm?). Then,
laser light condensed into a linear shape with a width of 100
to 1000 um, for example, 400 um, is irradiated to the whole
surface of the substrate, and an overlapping ratio (overlap
ratio) of the linear laser light at this time may be set to 50
to 90%.

[0200] A gate insulating film 306 is then formed for
covering the semiconductor layers 302 to 305. The gate
insulating film 306 is formed of an insulating film containing
silicon with a thickness of 40 to 150 nm by a plasma CVD
or sputtering method. In this embodiment, the gate insulat-
ing film 306 is formed of a silicon oxynitride film with a
thickness of 110 nm by the plasma CVD method (compo-
sition ratio Si=32%, 0=59%, N=7%, and H=2%). Of course,
the gate insulating film is not limited to the silicon oxynitride
film, and other insulating films containing silicon may be
used with a single layer or a lamination structure.

[0201] Besides, when a silicon oxide film is used, it can be
formed such that TEOS (tetraethyl orthosilicate) and O, are
mixed by the plasma CVD method with a reaction pressure
of 40 Pa and a substrate temperature of 300 to 400° C., and
discharged at a high frequency (13.56 MHz) power density
of 0.5 to 0.8 W/cm®. The silicon oxide film thus manufac-
tured can obtain satisfactory characteristics as the gate
insulating film by subsequent thermal annealing at 400 to
500° C.

[0202] Then, as shown in FIG. 14A, a first conductive
film 307 of 20 to 100 nm thickness and a second conductive
film 308 of 100 to 400 nm thickness are formed into
lamination on the gate insulating film 306. In this embodi-
ment, the first conductive film 307 made of a TaN film with
a thickness of 30 nm and the second conductive film 308
made of a W film with a thickness of 370 nm are formed into
lamination. The TaN film is formed by sputtering with a Ta
target under a nitrogen containing atmosphere. Besides, the
W film is formed by sputtering with a W target. The W film
may also be formed by a thermal CVD method using
tungsten hexafluoride (WF,). Whichever method is used, it
is necessary to make the material have low resistance for use
as a gate electrode, and it is preferred that the resistivity of
the W film is set to 20 uQcm or less. It is possible to make
the W film have low resistance by making the crystal grains
large. However, in the case where many impurity elements
such as oxygen are contained within the W film, crystalli-
zation is inhibited and the resistance becomes higher. There-
fore, in this embodiment, the W film is formed by sputtering
using a W target having a high purity of 99.9999%, and also
by taking sufficient consideration so as to prevent impurities
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within the gas phase from mixing therein during the film
formation, and thus, a resistivity of 9 to 20 uf2c¢m can be
realized.

[0203] Note that, in this embodiment, the first conductive
film 307 is made of TaN, and the second conductive film 308
is made of W, but the material is not particularly limited
thereto, and either film may be formed from an element
selected from the group consisting of Ta, W, Ti, Mo, Al, Cu,
Cr, and Nd or an alloy material or a compound material
containing the above element as its main constituent.
Besides, a semiconductor film typified by a polycrystalline
silicon film doped with an impurity element such as phos-
phorus may be used. An alloy made of Ag, Pd, and Cu may
also be used. Further, any combination may be employed
such as a combination in which the first conductive film is
formed of a tantalum (Ta) film and the second conductive
film is formed of a W film, a combination in which the first
conductive film is formed of a titanium nitride (TiN) film
and the second conductive film is formed of a W film, a
combination in which the first conductive film is formed of
a tantalum nitride (TaN) film and the second conductive film
is formed of an Al film, or a combination in which the first
conductive film is formed of a tantalum nitride (TaN) film
and the second conductive film is formed of a Cu film.

[0204] Next, as shown in FIG. 14B, masks 309 to 313
made of resist are formed by using a photolithography
method, and a first etching process for forming electrodes
and wirings is carried out. In the first etching process, first
and second etching conditions are used. In this embodiment,
as the first etching condition, an ICP (inductively coupled
plasma) etching method is used, in which CF,, Cl,, and O,
are used as etching gases, a gas flow rate is set to 25/25/10
scem, and an RF (13.56 MHz) power of 500 W is applied to
a coil shape electrode under a pressure of 1 Pa to generate
plasma. Thus, the etching is performed. A dry etching device
using ICP (Model E645-ICP) manufactured by Matsushita
Electric Industrial Co. is used here. A 150 W RF (13.56
MHz) power is also applied to the substrate side (sample
stage), thereby substantially applying a negative self-bias
voltage. The W film is etched under the first etching con-
dition, and the end portion of the first conductive layer is
formed into a tapered shape. In the first etching condition,
the etching rate for W is 200.39 nm/min, the etching rate for
TaN is 80.32 nm/min, and the selectivity of W to TaN is
about 2.5. Further, the taper angle of W is about 26° under
the first etching condition.

[0205] Thereafter, as shown in FIG. 14B, the etching
condition is changed into the second etching condition
without removing the masks 309 to 313 made of resist, and
the etching is performed for about 30 seconds, in which CF,,
and Cl, are used as the etching gases, a gas flow rate is set
to 30/30 sccm, and an RF (13.56 MHz) power of 500 W is
applied to a coil shape electrode under a pressure of 1 Pa to
generate plasma. An RF (13.56 MHz) power of 20 W is also
applied to the substrate side (sample stage), and a substan-
tially negative self-bias voltage is applied thereto. In the
second etching condition in which CF, and Cl, are mixed,
the W film and the TaN film are etched to the same degree.
In the second etching condition, the etching rate for W is
58.97 nm/min, and the etching rate for TaN is 66.43 nm/min.
Note that, in order to perform the etching without leaving
any residue on the gate insulating film, it is appropriate that
an etching time is increased by approximately 10 to 20%.
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[0206] In the above first etching process, by making the
shapes of the masks formed of resist suitable, end portions
of the first conductive layer and the second conductive layer
become tapered shape by the effect of the bias voltage
applied to the substrate side. The angle of the taper portion
may be 15 to 45°. In this way, first shape conductive layers
314 to 318 consisting of the first conductive layer and the
second conductive layer (first conductive layers 314a to
318a and second conductive layers 314b to 318b) are
formed by the first etching process. Reference numeral 319
indicates a gate insulating film, and the regions not covered
with the first shape conductive layers 314 to 318 are made
thinner by approximately 20 to 50 nm by etching.

[0207] Then, a first doping process is performed to add an
impurity element imparting n-type conductivity to the semi-
conductor layer without removing the masks made of resist
(FIG. 14B). Doping may be carried out by an ion doping
method or an ion injecting method. The condition of the ion
doping method is that a dosage is 1x10™ to 5x10*° atoms/
cm?, and an acceleration voltage is 60 to 100 keV. In this
embodiment, the dosage is 1.5x10° atoms/cm® and the
acceleration voltage is 80 keV. As the impurity element
imparting n-type conductivity, an element belonging to
group 15 of the periodic table, typically phosphorus (P) or
arsenic (As) is used, but phosphorus (P) is used here. In this
case, the conductive layers 314 to 318 become masks for the
impurity element imparting n-type conductivity, and high
concentration impurity regions 320 to 323 are formed in a
self-aligning manner. The impurity element imparting
n-type conductivity in a concentration range of 1x107° to
1x10" atoms/cm” is added to the high concentration impurity
regions 320 to 323.

[0208] Thereafter, as shown in FIG. 14C, a second etch-
ing process is performed without removing the masks made
of resist. Here, a gas mixture of CF,, Cl, and O, is used as
an etching gas, the gas flow rate is set to 20/20/20 scem, and
a 500 W RF (13.56 MHz) power is applied to a coil shape
electrode under a pressure of 1 Pa to generate plasma,
thereby performing etching. A 20 W RF (13.56 MHz) power
is also applied to the substrate side (sample stage), thereby
substantially applying a negative self-bias voltage. In the
second etching process, the etching rate for W is 124.62
nm/min, the etching rate for TaN is 20.67 nm/min, and the
selectivity of W to TaN is 6.05. Accordingly, the W film is
selectively etched. The taper angle of W is 70° by the second
etching process. Second conductive layers 3245 to 328b are
formed by the second etching process. On the other hand, the
first conductive layers 314a to 318a are hardly etched, and
first conductive layers 324a to 3284 are formed.

[0209] Next, as shown in FIG. 15A, a second doping
process is performed. The second conductive layers 324b to
328b are used as masks for an impurity element, and doping
is performed such that the impurity element is added to the
semiconductor layer below the tapered portions of the first
conductive layers. In this embodiment, phosphorus (P) is
used as the impurity element, and plasma doping is per-
formed with a dosage of 1.5x10* atoms/cm®, a current
density of 0.5 pA, and an acceleration voltage of 90 keV.
Thus, low concentration impurity regions 329 to 333, which
overlap with the first conductive layers, are formed in
self-aligning manner The concentration of phosphorus (P)
added to the low concentration impurity regions 329 to 333
is 1x10"7 to 5x10'® atoms/cm®, and has a gentle concentra-
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tion gradient in accordance with the film thickness of the
tapered portions of the first conductive layers. Note that in
the semiconductor layers that overlap with the tapered
portions of the first conductive layers, the concentration of
the impurity element slightly falls from the end portions of
the tapered portions of the first conductive layers toward the
inner portions, but the concentration keeps almost the same
level. Further, an impurity element is added to the high
concentration impurity regions 333 to 337 to form high
concentration impurity regions 333 to 337.

[0210] Thereafter, as shown in FIG. 15B, after the masks
made of resist are removed, a third etching process is
performed using a photolithography method. The tapered
portions of the first conductive layers are partially etched so
as to have shapes overlapping the second conductive layers
in the third etching process. Incidentally, as shown in FIG.
15B, masks made of resist (338 and 339) are formed in the
regions where the third etching process is not conducted.

[0211] The etching condition in the third etching process
is that Cl, and SF, are used as etching gases, the gas flow
rate is set to 10/50 sccm, and the ICP etching method is used
as in the first and second etching processes. Note that, in the
third etching process, the etching rate for TaN is 111.2
nm/min, and the etching rate for the gate insulating film is
12.8 nm/min.

[0212] In this embodiment, a 500 W RF (13.56 MHz)
power is applied to a coil shape electrode under a pressure
of 1.3 Pa to generate plasma, thereby performing etching. A
10 W RF (13.56 MHz) power is also applied to the substrate
side (sample stage), thereby substantially applying a nega-
tive self-bias voltage. Thus, first conductive layers 340a to
3424 are formed.

[0213] Impurity regions (LDD regions) 343 to 345, which
do not overlap the first conductive layers 340a to 342a, are
formed by the third etching process. Note that impurity
regions (GOLD regions) 346 and 347 remains overlapping
the first conductive layers 324a and 326a.

[0214] Further, the electrode constituted of the first con-
ductive layer 324a and the second conductive layer 324b
finally becomes the gate electrode of the n-channel TFT of
the driver circuit, and the electrode constituted of the first
conductive layer 340a and a second conductive layer 340b
finally becomes the gate electrode of the p-channel TFT of
the driver circuit.

[0215] Similarly, the electrode constituted of the first
conductive layer 341a and a second conductive layer 341b
finally becomes the gate electrode of the n-channel TFT of
the pixel portion, and the electrode constituted of the first
conductive layer 342a and a second conductive layer 342b
finally becomes the gate electrode of the p-channel TFT of
the pixel portion. Further, the electrode constituted of the
first conductive layer 326a and the second conductive layer
3260 finally becomes one of electrodes of a capacitor
(storage capacitor) of the pixel portion.

[0216] In this way, in this embodiment, the impurity
regions (LDD regions) 343 to 345 that do not overlap the
first conductive layers 340a to 342a and the impurity regions
(GOLD regions) 346 and 347 that overlap the first conduc-
tive layers 324a and 3264 can be simultaneously formed.
Thus, different impurity regions can be formed in accor-
dance with the TFT characteristics.
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[0217] Next, the gate insulating film 319 is subjected to an
etching process. In this etching process, CHE; is used as an
etching gas, and a reactive ion etching method (RIE method)
is used. In this embodiment, a third etching process is
conducted with a chamber pressure of 6.7 Pa, RF power of
800 W, and a gas flow rate of CHF; of 35 sccm.

[0218] Thus, parts of the high concentration impurity
regions 333 to 337 are exposed, and insulating films 3564 to
356¢ are formed.

[0219] Subsequently, after the masks made of resist are
removed, masks 348 and 349 made of resist are newly
formed to thereby perform a third doping process. By this
third doping process, impurity regions 350 to 355 added
with an impurity element imparting conductivity (p-type)
opposite to the above conductivity (n-type) are formed in the
semiconductor layers that become active layers of the
p-channel TFT (FIG. 15C). The first conductive layers
340a, 326a, and 342a are used as masks for the impurity
element, and the impurity element imparting p-type conduc-
tivity is added to form the impurity regions in a self-aligning
manner.

[0220] In this embodiment, the impurity regions 350 to
355 are formed by an ion doping method using diborane
(B,H,). Note that, in the third doping process, the semicon-
ductor layers forming the n-channel TFTs are covered with
the masks 348 and 349 made of resist. The impurity regions
350 to 355 are respectively added with phosphorous at
different concentrations by the first doping process and the
second doping process. In any of the regions, the doping
process is conducted such that the concentration of the
impurity element imparting p-type conductivity becomes
2x10" to 2x10*' atoms/cm®. Thus, the impurity regions
function as source and drain regions of the p-channel TFT,
and therefore, no problem occurs.

[0221] Through the above-described processes, the impu-
rity regions are formed in the respective semiconductor
layers.

[0222] Note that, in this embodiment, a method of con-
ducting doping of the impurities (boron) after etching the
gate insulating film is shown, but doping of the impurities
may be conducted before etching the gate insulating film.

[0223] Subsequently, the masks 348 and 349 made of
resist are removed, and as shown in FIG. 16A, a first
interlayer insulating film 357 is formed. As the first inter-
layer insulating film 357, an insulating film containing
silicon is formed with a thickness of 100 to 200 nm by a
plasma CVD method or a sputtering method. In this embodi-
ment, a silicon oxynitride film of 150 nm thickness is formed
by the plasma CVD method. Of course, the first interlayer
insulating film 357 is not limited to the silicon oxynitride
film, and other insulating films containing silicon may be
used in a single layer or a lamination structure.

[0224] Then, a process of activating the impurity element
added to the semiconductor layers is performed. This acti-
vation process is performed by a thermal annealing method
using an annealing furnace. The thermal annealing method
may be performed in a nitrogen atmosphere with an oxygen
concentration of 1 ppm or less, preferably 0.1 ppm or less
and at 400 to 700° C., typically 500 to 550° C. In this
embodiment, the activation process is conducted by a heat
treatment for 4 hours at 550° C. Note that, in addition to the
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thermal annealing method, a laser annealing method or a
rapid thermal annealing method (RTA method) can be
applied.

[0225] Note that, in this embodiment, with the activation
process, nickel used as a catalyst in crystallization is gettered
to the impurity regions containing phosphorous at high
concentration, and the nickel concentration in the semicon-
ductor layer that becomes a channel forming region is
mainly reduced. The TFT thus manufactured having the
channel forming region has the lowered off current value and
good crystallinity to obtain a high electric field effect mobil-
ity. Thus, the satisfactory characteristics can be attained.

[0226] Further, the activation process may be conducted
before the formation of the first interlayer insulating film.
Incidentally, in the case where the used wiring material is
weak to heat, the activation process is preferably conducted
after the formation of the interlayer insulating film (insulat-
ing film containing silicon as its main constituent, for
example, silicon nitride film) in order to protect wirings and
the like as in this embodiment.

[0227] Furthermore, after the activation process and the
doping process, the first interlayer insulating film may be
formed.

[0228] Moreover, a heat treatment is carried out at 300 to
550° C. for 1 to 12 hours in an atmosphere containing
hydrogen of 3 to 100% to perform a process of hydroge-
nating the semiconductor layers. In this embodiment, the
heat treatment is conducted at 410° C. for 1 hour in a
nitrogen atmosphere containing hydrogen of approximately
3%. This is a process of terminating dangling bonds in the
semiconductor layer by hydrogen included in the interlayer
insulating film. As another means for hydrogenation, plasma
hydrogenation (using hydrogen excited by plasma) may be
performed.

[0229] In addition, in the case where the laser annealing
method is used as the activation process, after the hydroge-
nation process, laser light emitted from an excimer laser, a
YAG laser or the like is desirably irradiated.

[0230] Next, as shown in FIG. 16B, a second interlayer
insulating film 358, which is made from an organic insulat-
ing material, is formed on the first interlayer insulating film
357. In this embodiment, an acrylic resin film is formed with
a thickness of 1.6 um. Then, patterning for forming contact
holes that reach the respective impurity regions 333, 336,
350 and 352 is conducted.

[0231] As the second interlayer insulating film 358, a film
made from an insulating material containing silicon or an
organic resin is used. As the insulating material containing
silicon, silicon oxide, silicon nitride, or silicon oxynitride
may be used. As the organic resin, polyimide, polyamide,
acrylic, BCB (benzocyclobutene), or the like may be used.

[0232] In this embodiment, the silicon oxynitride film
formed by a plasma CVD method is formed. Note that the
thickness of the silicon oxynitride film is preferably 1 to 5
um (more preferably 2 to 4 gm). The silicon oxynitride film
has a little amount of moisture contained in the film itself,
and thus, is effective in suppressing deterioration of the EL.
element.

[0233] Further, dry etching or wet etching may be used for
the formation of the contact holes. However, taking the
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problem of electrostatic destruction in etching into consid-
eration, the wet etching method is desirably used.

[0234] Moreover, in the formation of the contact holes
here, the first interlayer insulating film and the second
interlayer insulating film are etched at the same time. Thus,
in consideration for the shape of the contact hole, it is
preferable that the material with an etching speed faster than
that of the material for forming the first interlayer insulating
film is used for the material for forming the second interlayer
insulating film.

[0235] Then, wirings 359 to 366, which are electrically
connected with the impurity regions 333, 336, 350, and 352,
respectively, are formed. The wirings are formed by pat-
terning a lamination film of a Ti film of 50 nm thickness and
an alloy film (alloy film of Al and Ti) of 500 nm thickness,
but other conductive films may also be used.

[0236] Subsequently, a transparent conductive film is
formed thereon with a thickness of 80 to 120 nm, and by
patterning the transparent conductive film, a transparent
electrode 367 is formed (FIG. 16B).

[0237] Note that, in this embodiment, an indium tin oxide
(ITO) film or a transparent conductive film in which indium
oxide is mixed with zinc oxide (ZnO) of 2 to 20% is used as
the transparent electrode.

[0238] Further, the transparent electrode 367 is formed so
as to contact and overlap the drain wiring 365, thereby
having electrical connection with a drain region of an EL
driver TFT.

[0239] Next, as shown in FIG. 17A, an insulating film
containing silicon (a silicon oxide film in this embodiment)
is formed with a thickness of 500 nm, and an opening
portion is formed at the position corresponding to the
transparent electrode 367 to thereby form a third interlayer
insulating film 368 functioning as a bank. In forming the
opening portion, sidewalls with a tapered shape may easily
be formed by using the wet etching method. If the sidewalls
of the opening portion are not sufficiently gentle, the dete-
rioration of the EL layer caused by a step becomes a marked
problem. Thus, attention is required.

[0240] Note that, in this embodiment, the silicon oxide
film is used as the third interlayer insulating film, but
depending on the situation, an organic resin film made of
polyimide, polyamide, acrylic, or BCB (benzocyclobutene)
may also be used.

[0241] Subsequently, as shown in FIG. 17A, an EL layer
369 is formed by an evaporation method, and further, a
cathode (MgAg electrode) 370 and a protective electrode
371 are formed by the evaporation method. At this time,
before the formation of the EL layer 369 and the cathode
370, it is desirable that the transparent electrode 367 is
subjected to a heat treatment to completely remove mois-
ture. Note that the MgAg electrode is used as the cathode of
the EL element in this embodiment, but other known mate-
rials may also be used.

[0242] Note that a known material may be used for the EL
layer 369. In this embodiment, the EL layer adopts a
two-layer structure constituted of a hole transporting layer
and a light emitting layer. However, there may be the case
where a hole transporting layer, a hole injecting layer, an
electron injecting layer or an electron transporting layer is
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provided. Various examples of the combination have already
been reported, and any structure of those may be used.

[0243] In this embodiment, polyphenylene vinylene is
formed by the evaporation method as the hole transporting
layer. Further, as the light emitting layer, a material in which
1,3,4-oxydiazole derivative PBD of 30 to 40% is distributed
in polyvinyl carbazole is formed by the evaporation method,
and coumarin 6 of approximately 1% is added as a center of
green color light emission.

[0244] Further, the EL layer 369 can be protected from
moisture or oxygen by the protective electrode 371, but a
passivation film 372 is preferably formed. In this embodi-
ment, a silicon nitride film of 300 nm thickness is provided
as the passivation film 372. This passivation film may also
be formed in succession after the formation of the protective
electrode 371 without exposure to an atmosphere.

[0245] Moreover, the protective electrode 371 is provided
to prevent deterioration of the cathode 370, and is typified by
a metal film containing aluminum as its main constituent. Of
course, other materials may also be used. Further, the EL
layer 369 and the cathode 370 are very weak to moisture.
Thus, it is preferable that continuous formation is conducted
up through the formation of the protective electrode 371
without exposure to an atmosphere to protect the EL layer
from the outside air.

[0246] Note that it is appropriate that the thickness of the
EL layer 369 is 10 to 400 nm (typically 60 to 150 nm) and
the thickness of the cathode 370 is 80 to 200 nm (typically
100 to 150 nm).

[0247] Thus, an EL module with the structure shown in
FIG. 17A is completed. Note that, in a process of manu-
facturing an EL. module in this embodiment, a source signal
line is formed from Ta and W, which are materials forming
the gate electrode, and a gate signal line is formed from Al
that is a wiring material forming the source and drain
electrodes, in connection with the circuit structure and the
process. However, different materials may also be used.

[0248] Further, a driver circuit 506 having an n-channel
TFT 501 and a p-channel TFT 502 and a pixel portion 507
having a switching TFT 503, an EL driver TFT 504, and a
capacitor 505 can be formed on the same substrate.

[0249] Note that, in this embodiment, a structure in which
the n-channel TFT and the p-channel TFT are used as the
switching TFT 503 and the EL driver TFT 504, respectively,
is shown since the outgoing from a lower surface is adopted
in accordance with the structure of the EL element. How-
ever, this embodiment is only one preferred embodiment,
and the present invention is not necessarily limited to this.

[0250] The n-channel TFT 501 of the driver circuit 506
has the channel forming region 381, the low concentration
impurity region 329 (GOLD region) that overlaps the first
conductive layer 324a constituting a part of the gate elec-
trode, and the high concentration impurity region 333 func-
tioning as the source or drain region. The p-channel TFT 502
has a channel forming region 382, the impurity region 353
that does not overlap the first conductive layer 340a con-
stituting a part of the gate electrode, and the impurity region
350 functioning as the source or drain region.

[0251] The switching TFT 503 of the pixel portion 507 has
a channel forming portion 383, the low concentration impu-
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rity region 344 (LDD region), which does not overlap the
first conductive layer 341a forming the gate electrode and
which is formed outside the gate electrode, and the high
concentration impurity region 336 functioning as the source
or drain region.

[0252] The EL driver TFT 504 of the pixel portion 507 has
a channel forming region 384, and the high concentration
impurity regions 352 and 355 functioning as the source or
drain region. Further, the capacitor 505 is formed such that
the first conductive layer 326a and the second conductive
layer 3265 function as one of the electrodes.

[0253] Note that, in this embodiment, although a structure
in which the cathode is formed after the EL layer is formed
on the pixel ¢electrode (anode), a structure in which the EL
layer and the anode are formed on the pixel electrode
(cathode) may be adopted. Incidentally, in this case, different
from the outgoing from a lower surface described above, the
outgoing from an upper surface is adopted. Furthermore, at
this time, 1t is desirable that the EL driver TFT 504 is formed
of the n-channel TFT.

[0254] This embodiment can be implemented by freely
combined with the structure of Embodiments 1 to 3.

[0255] Embodiment 5

[0256] This embodiment describes with reference to
FIGS. 13A to 13C a case of manufacturing an EL display
device using the present invention.

[0257] FIG. 13A is a top view of an EL display device in
which a sealing member is used in sealing. FIG. 13B is a
sectional view taken along the line A-A' in FIG. 13A. FIG.
13C is a sectional view taken along the line B-B' in FIG.
13A.

[0258] A pixel portion 4002, a source signal line driving
circuit 4003, and first and second gate signal line driving
circuits 40044 and 4004b are formed on a substrate 4001. A
seal member 4009 is placed so as to surround them all on the
substrate. A sealing member 4008 is provided on the pixel
portion 4002, the source signal line driving circuit 4003, and
the first and second gate signal line driving circuits 40044
and 4004b. Accordingly, the pixel portion 4002, the source
signal line driving circuit 4003, and the first and second gate
signal line driving circuits 4004a and 40045 are sealed in the
space defined by the substrate 4001, the seal member 4009,
and the sealing member 4008, with a filler 4210 filling the
space.

[0259] The pixel portion 4002, the source signal line
driving circuit 4003, and the first and second gate signal line
driving circuits 40044 and 40045 on the substrate 4001 each
have a plurality of TFTs. FIG. 13B shows as representatives
of these TFTs a driving TFT (composed of an n-channel TFT
and a p-channel TFT in FIG. 13B) 4201 included in the
source signal line driving circuit 4003 and an EL driving
TFT 4202 included in the pixel portion 4002. The TFTs 4201
and 4202 are formed on a base film 4010.

[0260] In this embodiment, the n-channel TFT and the
p-channel TFT that constitute the driving TFT 4201 are
manufactured by a known method, and a p-channel TFT
manufactured by a known method is used for the EL driving
TFT 4202. The pixel portion 4002 is provided with a
capacitor storage (not shown) connected to a gate of the EL
driving TFT 4202.
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[0261] Formed on the driving TFT 4201 and the EL
driving TFT 4202 is an interlayer insulating film (planariza-
tion film) 4301, on which a pixel electrode (anode) 4203 is
formed to be electrically connected to a drain of the EL
driving TFT 4202. The pixel electrode 4203 is formed of a
transparent conductive film having a large work function.
Examples of the usable transparent conductive film material
include a compound of indium oxide and tin oxide, a
compound of indium oxide and zinc oxide, zinc oxide alone,
tin oxide alone, and indium oxide alone. A transparent
conductive film formed of one of these materials and doped
with gallium may also be used for the pixel electrode.

[0262] An insulating film 4302 is formed on the pixel
electrode 4203. An opening is formed in the insulating film
4302 above the pixel electrode 4203. At the opening above
the pixel electrode 4203, an EL (electroluminescence) layer
4204 is formed. The EL layer 4204 is formed of a known
organic ELL material or inorganic EL. material. Either low
molecular weight (monomer) organic EL materials or high
molecular weight (polymer) organic EL materials can be
used for the EL layer.

[0263] The EL layer 4204 is formed by a known evapo-
ration technique or application technique. The EL layer may
consist only of a light emitting layer. Alternatively, the EL.
layer may be a laminate having, in addition to a light
emitting layer, a hole injection layer, a hole transporting
layer, an electron transporting layer, and an electron injec-
tion layer in any combination.

[0264] A cathode 4205 is formed on the EL layer 4204
from a light-shielding conductive film (typically, a conduc-
tive film mainly containing aluminum, copper, or silver, or
a laminate consisting of the above conductive film and other
conductive films). Desirably, moisture and oxygen are
removed as much as possible from the interface between the
cathode 4205 and the EL layer 4204. Some contrivance is
needed for the removal. For example, the EL layer 4204 is
formed in a nitrogen or rare gas atmosphere and then the
cathode 4205 is successively formed without exposing the
substrate to moisture and oxygen. This embodiment uses a
multi-chamber system (cluster tool system) film formation
apparatus to achieve the film formation as described above.
The cathode 4205 receives a given voltage.

[0265] An EL element 4303 composed of the pixel elec-
trode (anode) 4203, the EL layer 4204, and the cathode 4205
is thus formed. A protective film 4209 is formed on the
insulating film 4302 so as to cover the EL element 4303. The
protective film 4209 is effective in preventing oxygen and
moisture from entering the EL element 4303.

[0266] Denoted by 4005a is a lead-out wiring line con-
nected to a power supply line, and is electrically connected
to a source region of the EL driving TFT 4202. The lead-out
wiring line 40054 runs between the seal member 4009 and
the substrate 4001 and is electrically connected to an FPC
wiring line 4301 of an FPC 4006 through an anisotropic
conductive film 4300.

[0267] The sealing member 4008 is formed of a glass
material, a metal material (typically a stainless steel mate-
rial), a ceramic material, or a plastic material (including a
plastic film). Examples of the usable plastic material include
an FRP (fiberglass-reinforced plastic) plate, a PVF (polyvi-
nyl fluoride) film, a Mylar film, a polyester film, and an
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acrylic resin film. A sheet obtained by sandwiching an
aluminum foil between PVF films or Mylar films may also
be used.

[0268] However, if light emitted from the EL clement
travels toward the covering member side, the covering
member has to be transparent. In this case, a transparent
material such as a glass plate, a plastic plate, a polyester film,
or an acrylic film is used.

[0269] The filler 4210 may be inert gas such as nitrogen
and argon, or a UV-curable resin or a thermally curable
resin. Examples of the usable resin include PVC (polyvinyl
chloride), acrylic, polyimide, an epoxy resin, a silicone
resin, PVB (polyvinyl butylal), and EVA (ethylene vinyl
acetate). In this embodiment, nitrogen is used as the filler.

[0270] TIn order to expose the filler 4210 to a hygroscopic
substance (preferably, barium oxide) or a substance capable
of adsorbing oxygen, a hygroscopic substance 4207, or a
substance 4207 capable of adsorbing oxygen, is placed in a
concave portion 4007 formed on a surface of the sealing
member 4008 on the substrate 4001 side. The hygroscopic
substance 4207, or a substance 4207 capable of adsorbing
oxygen, is held down to the concave portion 4007 by a
concave portion covering member 4208 to prevent hygro-
scopic substance 4207, or a substance 4207 capable of
adsorbing oxygen, from scattering. The concave portion
covering member 4208 is a dense mesh and allows air and
moisture to pass but not the hygroscopic substance 4207, or
a substance 4207 capable of adsorbing oxygen. The hygro-
scopic substance 4207, or a substance 4207 capable of
adsorbing oxygen, can prevent degradation of the EL ele-
ment 4303.

[0271] As shown in FIG. 13C, a conductive film 42034 is
formed to be brought into contact with the top face of the
lead-out wiring line 4005z at the same time the pixel
electrode 4203 is formed.

[0272] The anisotropic film 4300 has a conductive filler
43004. The conductive filler 43004 electrically connects the
conductive film 42032 on the substrate 4001 to the FPC
wiring line 4301 on the FPC 4006 upon a thermal press
fitting of the substrate 4001 and the FPC 4006.

[0273] This embodiment can be combined with any of
Embodiments 1 through 4.

[0274] Embodiment 6

[0275] In this embodiment, an external light emitting
quantum efficiency can be remarkably improved by using an
EL material by which phosphorescence from a triplet exci-
ton can be employed for emitting a light. As a result, the
power consumption of the EL element can be reduced, the
lifetime of the EL element can be elongated and the weight
of the EL element can be lightened.

[0276] The following is a report where the external light
emitting quantum efficiency is improved by using the triplet
exciton (T. Tsutsui, C. Adachi, S. Saito, Photochemical
processes in Organized Molecular Systems, ed. K. Honda,
(Elsevier Sci. Pub., Tokyo, 1991) p. 437).

[0277] The molecular formula of an EL material (cou-
marin pigment) reported by the above article is represented
as follows.
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(Chemical Formula 1)

S =

O O O O

[0278] (M. A.Baldo,D.F. O’Brien, Y. You, A. Shoustikov,
S. Sibley, M. E. Thompson, S. R. Forrest, Nature 395 (1998)
p.151)

[0279] The molecular formula of an EL material (Pt com-
plex) reported by the above article is represented as follows.

(Chemical Formula 2)

[0280] (M. A. Baldo, S. Lamansky, P. E. Burrows, M. E.
Thompson, S. R. Forrest, Appl. Phys. Lett., 75 (1999) p.4.)

[0281] (T. Tsutsui, M. -J. Yang, M. Yahiro, K. Nakamura,
T. Watanabe, T. Tsuji, Y. Fukuda, T. Wakimoto, S. Mayagu-
chi, Jpn, Appl. Phys., 38 (12B) (1999) L1502)

[0282] The molecular formula of an EL material (Ir com-

plex) reported by the above article is represented as follows.

(Chemical formula 3)

\Ir
e

[0283] As described above, if phosphorescence from a
triplet exciton can be put to practical use, it can realize the
external light emitting quantum efficiency three to four times
as high as that in the case of using fluorescence from a
singlet exciton in principle.

[0284] The structure according to this embodiment can be
freely implemented in combination of any structures of the
Embodiments 1 to 5.
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[0285] Embodiment 7

[0286] This embodiment will be described on electronic
devices incorporated a display device as a display medium,
which 1s formed by using the present invention.

[0287] As these electronic devices, there can be enumer-
ated a video camera, a digital camera, a head-mountable
display, a game machine, a car navigation, a personal
computer, and a mobile information terminal (e.g., a mobile
computer, a mobile telephone or an electronic book), as
shown in FIGS. 18A to 18E.

[0288] FIG. 18A shows a personal computer including a
body 2001, a casing 2002, a display portion 2003 and a
keyboard 2004. The display device of the present invention
can be used as the display portion 2003 of the personal
computer.

[0289] FIG. 18B shows a video camera including a body
2101, a display portion 2102, a voice input unit 2103,
manipulation switches 2104, a battery 2105 and an image
receiving unit 2106. The display device of the present
invention can be used as the display portion 2102 of the
video camera.

[0290] FIG. 18C shows one portion (i.e., a right-hand
side) of a head-mounted display including a body 2301, a
signal cable 2302, a head fixing band 2303, a display unit
2304, an optical system 2305 and a display portion 2306.
The display device of the present invention can be used the
display portion 2306 of the head-mounted display.

[0291] FIG. 18D shows an image reproducing device
(e.g., a DVD reproducing device) provided with a recording
medium. The image reproducing device includes a body
2401, a recording medium (CD, LD or DVD and the like)
2402, manipulation switches 2403 and display units (a) 2404
and (b) 2405. The display portion 2404 (a) displays an image
information and the display portion (b) 2405 displays char-
acter information. The display device using a driving
method of the present invention can be used the display
portions (a) 2404 and (b) 2405. Here, this device is enabled
to CD reproduction device and the game device as an image
reproduction device incorporating the recording medium.

[0292] FIG. 18E shows a mobile computer including a
body 2501, a camera portion 2502, a image receiving unit
2503, an operation switch 2504 and a display portion 2505.
The display device of the present invention can be used as
the display portion 2505 of the mobile computer.

[0293] As has been described hereinbefore, the invention
can have an extremely wide range of applications and can be
applied to electronic devices of any fields. On the other
hand, the electronic device of this embodiment can be
realized by using a construction of any of the combinations
of Embodiments 1 to 6.

[0294] Conventionally, it has been difficult to obtain accu-
rate gray scales because a current inputted to an EL element
does not correspond to the signal electric potential of a video
signal linearly.

[0295] With the above structure, the present invention can
cause an EL element to emit light at a luminance linearly
corresponding to the signal electric potential of a video
signal. The present invention thus provides a display device
that is easy to obtain accurate gray scale display.
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What is claimed is:

1. A display device comprising:

an EL element having a first electrode, a second electrode,
and an EL layer that is interposed between the first
electrode and the second electrode;

a first TFT;

a second TFT having the same polarity as the first TFT,
the second TFT including a gate electrode and a drain
region that are connected to each other; and

a power supply line connected to the first electrode of the
EL element through the first TFT, wherein the display
device further comprises:

means for setting a current linearly corresponding to
the electric potential difference between the electric
potential of the power supply line and the electric
potential of a video signal as a drain current of the
second TFT; and

means for equalizing the gate voltage of the first TFT
with the gate voltage of the second TFT.
2. A display device comprising:

an EL element having a first electrode, a second electrode,
and an EL layer that is interposed between the first
clectrode and the second electrode;

a first TET;

a second TFT having the same polarity and the same
threshold voltage as the first TFT, the second TFT
including a gate electrode and a drain region that are
connected to each other; and

a power supply line connected to the first electrode of the
EL element through the first TFT, wherein the display
device further comprises:

means for setting a current linearly corresponding to
the electric potential difference between the electric
potential of the power supply line and the electric
potential of a video signal as a drain current of the
second TFT; and

means for equalizing the gate voltage of the first TFT
with the gate voltage of the second TFT.
3. A display device comprising:

an EL element having a first electrode, a second electrode,
and an EL layer that is interposed between the first
electrode and the second electrode;

a first TFT;
a signal line;

a switching element for selecting the connection between
the signal line and a gate electrode of the first TFT;

a second TFT having the same polarity as the first TFT,
the second TFT including a gate electrode and a drain
region that are connected to each other; and

a power supply line connected to the first electrode of the
EL element through the first TFT, wherein the display
device further comprises:

means for setting a current linearly corresponding to
the electric potential difference between the electric
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potential of the power supply line and the electric
potential of a video signal as a drain current of the
second TFT;

means for equalizing the electric potential of a source
region of the first TFT with the electric potential of
a source region of the second TFT; and

means for equalizing the electric potential of the signal
line with the electric potential of the gate electrode of
the second TFT.
4. A display device comprising:

an EL element having a first electrode, a second electrode,
and an EL layer that is interposed between the first
electrode and the second electrode;

a first TFT;
a second TFT,

asignal line connected to a gate electrode of the first TFT
through the second TFT;

a third TFT having the same polarity as the first TFT, the
third TFT including a gate electrode and a drain region
that are connected to each other; and

a power supply line connected to the first electrode of the
EL element through the first TFT, wherein the display
device further comprises:

means for setting a current linearly corresponding to
the electric potential difference between the electric
potential of the power supply line and the electric
potential of a video signal as a drain current of the
third TFT;

means for equalizing the electric potential of a source
region of the first TFT with the electric potential of
a source region of the third TFT; and

means for equalizing the electric potential of the signal
line with the electric potential of the gate electrode of
the third TFT.
5. A display device comprising:

an EL element having a first electrode, a second electrode,
and an EL layer that is interposed between the first
electrode and the second electrode;

a first TFT having a drain region that is connected to the
first electrode of the EL element;

a second TFT having the same polarity as the first TFT,
the second TFT including a gate electrode and a drain
region that are connected to each other;

a power supply line connected to a source region of the
first TFT; and

an operation amplifier having a non-inversion input ter-
minal, an inversion input terminal, and an output ter-
minal, the non-inversion input terminal being kept at an
electric potential equal to the electric potential of the
power supply line, the inversion input terminal being
connected to a source region of the second TFT, and the
output terminal being connected to the drain region of
the second TFT, wherein the display device further
comprises:

means for setting a current linearly corresponding to
the electric potential difference between the electric
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potential of the power supply line and the electric
potential of a video signal as a drain current of the
second TFT; and

means for equalizing the electric potential of a gate
electrode of the first TFT with the electric potential
of the gate electrode of the second TFT.
6. A display device comprising:

an EL element having a first electrode, a second electrode,
and an EL layer that is interposed between the first
electrode and the second electrode;

a first TFT having a drain region that is connected to the
first electrode of the EL element;

a signal line;

a switching element for selecting the connection between
the signal line and a gate electrode of the first TFT;

a second TFT having the same polarity as the first TFT,
the second TFT including a gate electrode and a drain
region that are connected to each other;

a power supply line connected to a source region of the
first TFT; and

an operation amplifier having a non-inversion input ter-
minal, an inversion input terminal, and an output ter-
minal, the non-inversion input terminal being kept at an
electric potential equal to the electric potential of the
power supply line, the inversion input terminal being
connected to a source region of the second TFT, and the
output terminal being connected to the drain region of
the second TFT, wherein the display device further
comprises:

means for setting a current linearly corresponding to
the electric potential difference between the electric
potential of the power supply line and the electric
potential of a video signal as a drain current of the
second TFT; and

means for equalizing the electric potential of the signal
line with the electric potential of the gate electrode of
the second TFT.
7. A display device comprising:

an EL element having a first electrode, a second electrode,
and an EL layer that is interposed between the first
electrode and the second electrode;

a first TFT having a drain region that is connected to the
first electrode of the EL element;

a second TFT;

a signal line connected to a gate electrode of the first TFT
through the second TFT;

a third TFT having the same polarity as the first TFT, the
third TFT including a gate electrode and a drain region
that are connected to each other; and

a power supply line connected to a source region of the
first TFT; and

an operation amplifier having a non-inversion input ter-
minal, an inversion input terminal, and an output ter-
minal, the non-inversion input terminal being kept at an
electric potential equal to the electric potential of the
power supply line, the inversion input terminal being
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connected to a source region of the third TFT, and the
output terminal being connected to the drain region of
the third TFT, wherein the display device further com-
prises:

means for setting a current linearly corresponding to
the electric potential difference between the electric
potential of the power supply line and the electric
potential of a video signal as a drain current of the
third TFT; and

means for equalizing the electric potential of the signal
line with the electric potential of the gate electrode of
the third TFT.

8. A display device comprising:

an EL element having a first electrode, a second electrode,
and an EL layer that is interposed between the first
electrode and the second electrode;

a first TFT having a drain region that is connected to the
first electrode of the EL element;

a second TFT having the same polarity as the first TFT,
the second TFT including a gate electrode and a drain
region that are connected to each other;

a power supply line connected to a source region of the
first TFT;

an operation amplifier having a non-inversion input ter-
minal, an inversion input terminal, and an output ter-
minal, the non-inversion input terminal being kept at an
electric potential equal to the electric potential of the
power supply line, the inversion input terminal being
connected to a source region of the second TFT, and the
output terminal being connected to the drain region of
the second TFT; and

resistor having a first terminal to which the electric
potential of a video signal is inputted and a second
terminal connected to the inversion input terminal of
the operation amplifier,

wherein the display device further comprises means for
equalizing the electric potential of a gate electrode of
the first TFT with the electric potential of the gate
electrode of the second TFT.

9. A display device according to any one of claims 3, 5,
6 and 8, wherein the first TFT and the second TFT have
substantially same threshold voltage.

10. A display device according to any one of claims 4 and
7, wherein the first TFT and the third TFT have substantially
same threshold voltage.

11. A device according to any one of claims 1 to §,
wherein the display device is incorporated into an electronic
equipment selected from the group consisting of a video
camera, a digital camera, a head-mountable display, a game
machine, a car navigation, a personal computer, and a
mobile information terminal.

12. A method of driving a display device comprising the
steps of:

causing a drain current of a first TFT to flow between a
first electrode and a second electrode of an EL e¢lement,
the EL element consisting of the first electrode, the
second electrode, and an EL layer that is interposed
between the first electrode and the second electrode;
and
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equalizing the electric potential of a source region of the
first TFT with the electric potential of a power supply
line, wherein:

a current linearly corresponding to the electric potential
difference between the electric potential of the power
supply line and the electric potential of a video signal
is set as a drain current of a second TFT, the second
TFT having the same polarity as the first TFT;

the second TFT has a gate electrode and a drain region
that have the same electric potential; and

the electric potential of the power supply line shifts by

an amount corresponding to the gate voltage of the

second TFT and the electric potential including the

shift is inputted to a gate electrode of the first TFT.

13. A method of driving a display device comprising the
steps of:

causing a drain current of a first TFT to flow between a
first electrode and a second electrode of an EL element,
the EL eclement consisting of the first electrode, the
second electrode, and an EL layer that is interposed
between the first electrode and the second electrode;
and

equalizing the electric potential of a source region of the
first TFT with the electric potential of a power supply
line, wherein:

a current linearly corresponding to the electric potential
difference between the electric potential of the power
supply line and the electric potential of a video signal
is set as a drain current of a second TFT, the second
TFT having the same polarity and the same threshold
voltage as the first TFT;

the second TFT has a gate electrode and a drain region
that have the same electric potential; and

the electric potential of the power supply line shifts by an
amount corresponding to the gate voltage of the second
TFT and the electric potential including the shift is
inputted to a gate electrode of the first TFT.
14. A method of driving a display device comprising the
steps of:

causing a drain current of a first TFT to flow between a
first electrode and a second electrode of an EL element,
the EL element consisting of the first electrode, the
second electrode, and an EL layer that is interposed
between the first electrode and the second electrode;
and

equalizing the electric potential of a source region of the
first TFT with the electric potential of a power supply
line, wherein:

a current linearly corresponding to the electric potential
difference between the electric potential of the power
supply line and the electric potential of a video signal
is set as a drain current of a second TFT, the second
TFT having the same polarity as the first TFT;,

the voltage between an inversion input terminal and an
output terminal of an operation amplifier is the same
as the voltage between a source region and a drain
region of the second TFT, the operation amplifier
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having a non-inversion input terminal that is kept to
an electric potential equal to the electric potential of
the power supply line;

a gate electrode of the second TFT and the drain region
thereof have the same electric potential; and

the electric potential of the output terminal of the
operation amplifier is inputted to a gate electrode of
the first TFT.
15. A method of driving a display device comprising the
steps of:

causing a drain current of a first TFT to flow between a
first electrode and a second electrode of an EL element,
the EL element consisting of the first electrode, the
second electrode, and an EL layer that is interposed
between the first electrode and the second electrode;
and

equalizing the electric potential of a source region of the
first TFT with the electric potential of a power supply
line, wherein:

a current flowing through a resistor is set as a drain
current of a second TFT that has the same polarity as
the first TFT, the resistor having a first terminal to
which the electric potential of a video signal is
inputted and a second terminal connected to an
inversion input terminal of an operation amplifier;

the voltage between the inversion input terminal of the
operation amplifier and an output terminal thereof is
the same as the voltage between a source region and
a drain region of the second TFT, the operation
amplifier having a non-inversion input terminal that
is kept to an electric potential equal to the electric
potential of the power supply line;
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a gate electrode of the second TFT and the drain region
thereof have the same electric potential, and

the electric potential of the output terminal of the

operation amplifier is inputted to a gate electrode of
the first TFT.

16. Amethod of driving a display device according to any
one of claims 14 and 15, wherein the first TFT and the
second TFT have the same threshold voltage.

17. Amethod of driving a display device according to any
one of claims 12 to 16,

wherein the first TFT is a p-channel TFT, and

wherein the electric potential of the output terminal of the
operation amplifier is kept lower than the electric
potential of the non-inversion input terminal of the
operation amplifier.

18. Amethod of driving a display device according to any
one of claims 12 to 16,

wherein the first TFT is an n-channel TFT, and

wherein the electric potential of the output terminal of the
operation amplifier is kept higher than the electric
potential of the non-inversion input terminal of the
operation amplifier.

19. Amethod of driving a display device according to any
one of claims 12 to 16, wherein the display device is
incorporated into an electronic equipment selected from the
group consisting of a video camera, a digital camera, a
head-mountable display, a game machine, a car navigation,
a personal computer, and a mobile information terminal.
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