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7) ABSTRACT

A display unit has an organic light emitting diode (OLED)
21 provided in correspondence with each of pixels and
capable of emitting light by itself, a drive transistor 22 for
driving the OLED 21, a twig transistor 23 which is formed
so as to have a portion of an electrode of the drive transistor
22 independently formed, and which is used to detect a
threshold voltage (Vth) of the drive transistor 22, a com-
pensating capacitor 28 in which the threshold voltage (Vth)
detected by the twig transistor 23 is written, a signal
capacitor 27 in which a signal voltage to be supplied to the
drive transistor 22 is written, a first transistor 24 provided
between a data line and the signal capacitor 27, a second
transistor 25 provided between the signal capacitor 27 and
the compensating capacitor 28, and a third transistor 26
provided between a gate electrode and another electrode of
the twig transistor 23.
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[Figure 3]
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[Figure 4]
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tFigure 5]
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[Figure 6]
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DISPLAY UNIT, DRIVE CIRCUIT, AMORPHOUS
SILICON THIN-FILM TRANSISTOR, AND
METHOD OF DRIVING OLED

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a display unit or
the like using an organic light emitting diode (OLED). More
particularly, the present invention relates to a display unit or
the like in which compensation is made for variation in the
threshold voltage (Vth) of a drive transistor.

[0003]

[0004] An OLED (also referred to as “organic EL”) is a
device in which a dc voltage is applied to a fluorescent
organic compound capable of being excited in an electric
field to cause the compound to emit light, and which attracts
attention as a next-generation display device. This OLED is
a current-driven device, and a reduction in image quality
results directly from variations in drive transistors for driv-
ing the OLEDs or variations in current due to degradation.
In improving the image quality, it is effective to use a
method of stabilizing the current output from each drive
transistor by making compensation for variation in the
threshold voltage (Vth), i.e., the point at which a current
starts flowing through the drive transistor. OLED drive
systems are broadly divided into voltage-write systems and
current-write systems. Circuits for Vth compensation in
each kind of drive system have been proposed.

[0005] FIGS. 8A and 8B are diagrams for explaining a
method of realizing Vth compensation in a conventional
voltage-write system. FIG. 8A is a circuit diagram and FIG.
8B is a timing chart. Referring to the circuit diagram of FIG.
8A relating to a voltage-write system using transistors, four
FETs 201 to 204 and two capacitors 205 and 206 are used
to drive an OLED 200. The FET 201 is a switch provided
between a data line and the capacitor 205. The FET 202 is
a transistor for driving the OLED 200. The FET 203 is a
switch provided between the drain and the gate of the FET
202. The FET 204 is a switch provided between the FET 202
and the OLED 200. The capacitor 205 stores a data voltage,
while the capacitor 206 stores Vth. When the FET 203 is
turned on, the drain voltage and the gate voltage of the FET
202 are equal to each other. At this time, if a voltage is
applied to the drain of the FET 202, the FET 202 is fully on.
If no voltage is applied to the drain of the FET 202, charge
on the FET 202 escapes through the drain to finally turn off
the FET 203. At this time, Vth remains at the gate of the FET
203.

[0006] The operation of this circuit will be described with
respect to periods with reference to FIG. 8B.

[0007] First, in a period (1), signal “Select” falls to turn on
the FET 201, and AZ also falls to turn on the FET 203. In
the preceding period, AZB is on and, therefore, the OLED
200 is in such a state that a current flows therethrough and
the drain potential Vd of the FET 202 is sufficiently high
relative to the ground potential of the OLED 200. That is, the
potential Vd is sufficiently low. Thus, the gate-source volt-
age Vgs of the FET 202 has been shifted sufficiently largely
in the minus direction, so that the FET 202 is maintained in
the on state. In this state, the potential of the OLED 200 is
about Vth. In this period, Vth compensation in the OLED
200 is made.

2. Discussion of the Prior Art
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[0008] Next, in a period (2), after AZ has fallen to turn on
the FET 203, AZB rises to turn off the FET 204. A current
from Vdd flows round to the gate of the FET 202 to heighten
the potential Vgs until Vgs=Vth. When Vgs=Vth, the FET
202 is turned off. When AZ rises to turn off the FET 203, Vth
is programmed in C1 and C2.

[0009] In a period (3), when a signal of a level lower by
AVdata than Vdd is input to a Data line, the voltages stored
in the capacitors 205 and 206 are changed by capacitive
division.

Ver = Vdd - Vih (Equation 1)

- Ve =Vdd - Vih- -AVdara

C
Cl+C2+Cg

[0010] In a period (4), AZB becomes on and the OLED
200 emits light. The current Ids flowing between the drain
and source of the FET 202 is as shown by the following
equation, which can be formed without the term Vth.
Ids=a(Vgs-Vih)*=a(pxAdata-Vdd)*

[0011]

(Equation 2)

In this equation,

Cl (Equation 3)

B= Cl+C2+Cg

[0012] FIGS. 9A and 9B are diagrams for explaining Vth
compensation realized in a conventional current-write sys-
tem. FIG. 9A is a circuit diagram and FIG. 9B is a timing
chart. Referring to the circuit diagram of FIG. 9A relating
to a current-write system using transistors, four FETs 211 to
214 and a capacitor 215 are used to drive an OLED 200. The
FET 211 is a switch provided between a data line and the
capacitor 215. The FET 212 is a transistor for driving the
OLED 200. The FET 213 is a switch provided between the
FET 212 and the OLED 200. The FET 214 is a switch
provided between the drain and the gate of the FET 213. The
capacitor 215 stores Vth.

[0013] The operation of this circuit will be deseribed with
respect to periods with reference to FIG. 9(b).

[0014] First, in a period (1), the FET 212 is turned off to
shut off Vdd, thereby turning on the FETs 211 and 214. At
this time, Idata flows through the FET 213. In a period (2),
a voltage according to Idata is programmed in the capacitor
215. In a period (3), the FETs 211 and 214 are turned off and
the FET 212 is turned on, thereby supplying Vdd to the FET
213 and to the OLED 200. At this time, current Idata is
supplied to the OLED 200 according to the voltage stored in
the capacitor 215.

[0015] Vth compensation has been made by the above-
described systems. The above-described systems, however,
require provision of two transistors connected in series
(FETs 202 and 204 in the voltage-write system, and FETs
212 and 213 in the current-write system) between the power
source Vdd and the OLED 200. That is, in order to detect
Vth, it is necessary to connect two transistors in series and
to use one of them for on/off control and the other for current
control.
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[0016] However, if the OLED 200 is driven by using an
amorphous silicon (a-Si) thin-film transistor (TFT) for
example, and if there is a need to cause a sufficiently large
current to flow through the OLED 200, it is necessary that
the TFT be large because the mobility in the amorphous
silicon TFT is low and the current caused to flow there-
through is limited. If each of the above-described systems is
realized by using amorphous silicon TFTs, the area occupied
by the transistors is considerably large. On the other hand,
there is a limit to the pixel size in displays. For this reason
of mounting, it is difficult to use the above-described circuit
requiring a certain number of large TFTs for forming a pixel.

SUMMARY OF THE INVENTION

[0017] The present invention solves the above-described
technical problem, and an object of the present invention is
to suitably extract the threshold voltage (Vth) from an
amorphous silicon TFT.

[0018] Another object of the present invention is to make
compensation for variation in Vth while the number of
transistors having large capacitance is reduced.

[0019] Still another object of the present invention is to
achieve simplified control by simultaneously performing
detection of Vth and writing of data.

[0020] The present invention is characterized in that a
threshold voltage (Vth) of an amorphous silicon TFT which
is a transistor for driving an organic light emitting diode
(OLED) is extracted through a twig transistor formed by a
twig electrode formed as a branch from a portion of an
electrode of the amorphous silicon TFT, a compensation is
made for variation in the threshold voltage (Vth) to prepare
a control voltage which is supplied to the drive transistor.
That is, a display unit to which the present invention is
applied has an OLED provided in correspondence with each
of pixels and capable of emitting light by itself, a drive
transistor for driving this OLED, and a twig transistor which
is formed so as to have a portion of an electrode of this drive
transistor independently formed, and which is used to detect
the threshold voltage (Vth) of the drive transistor.

[0021] Further, the present invention may be characterized
by including a capacitor for storing the threshold voltage
(Vth) obtained by the twig transistor, and characterized in
that a control voltage prepared by correcting a supplied
signal voltage on the basis of the threshold voltage (Vth)
stored in the capacitor is supplied to the drive transistor.
Further, the present invention may also be characterized by
including a hold circuit for supplying the signal voltage to
the OLED, and a scanning circuit for supplying a select
signal for scanning to the OLED, and characterized in that
timing of taking in of the threshold voltage (Vth) and write
to the drive transistor is controlled on the basis of the select
signal supplied from the scanning circuit.

[0022] A display unit to which the present invention is
applied includes drive means for driving, by using an
amorphous silicon TFT, an organic light emitting diode
(OLED) provided in correspondence with each of pixels and
capable of emitting light by itself, threshold voltage acqui-
sition means for obtaining a threshold voltage (Vth) in the
amorphous silicon TFT by using a twig electrode formed in
the amorphous silicon TFT used by the drive means, and
signal voltage supply means for supplying a control voltage
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to the amorphous silicon TFT on the basis of the threshold
voltage (Vth) obtained by the threshold voltage acquisition
means.

[0023] The threshold voltage acquisition means obtains,
by using the twig electrode, a gate voltage when the current
flowing through the amorphous silicon TFT is sufficiently
reduced from the state where the current is caused to flow
through the amorphous silicon TFT. That is, an operation for
reducing the current is executed by using the twig electrode.
Also, it is advantageous to arrange the signal voltage supply
means to prepare the control voltage by adding a newly
obtained signal voltage and the threshold voltage (Vth)
together, because compensation can be thereby made for
variation in Vth of the amorphous silicon TFT.

[0024] On the other hand, a drive circuit to which the
present invention is applied is characterized by including a
drive transistor for driving a device to be driven such as an
OLED or the like, which transistor is typified by an amor-
phous silicon TFT, a twig transistor which is formed so as to
have a portion of an electrode of the drive transistor inde-
pendently formed, and which is used to detect a threshold
voltage (Vth) of the drive transistor when a current flows
through the drive transistor, a compensating capacitor in
which the threshold voltage (Vth) detected by the twig
transistor is written, a signal capacitor in which a signal
voltage necessary for control of the drive transistor is
written, a first transistor provided between a data line and the
signal capacitor, a second transistor provided between the
signal capacitor and the compensating capacitor, and a third
transistor provided between a gate electrode and another
electrode of the twig transistor.

[0025] An amorphous silicon thin-film transistor to which
the present invention is applied is characterized by including
a gate electrode, amorphous silicon, a source electrode and
a drain electrode which face the gate electrode with the
amorphous silicon interposed therebetween, and a twig
electrode formed by separating a portion of one of the source
electrode and the drain electrode, and characterized in that
the twig electrode is placed in such a position that a voltage
closer to the corresponding voltage on the electrode before
separation can be easily obtained, that the twig electrode is
placed close to the electrode before separation, and that the
twig electrode 1s an electrode forming a twig transistor for
detecting a threshold voltage (Vih) of a transistor formed by
the electrode before separation.

[0026] In another aspect of the present invention, an
amorphous silicon thin-film transistor to which the present
invention is applied is characterized by including a gate
electrode, amorphous silicon, a source electrode and a drain
electrode which face the gate electrode with the amorphous
silicon interposed therebetween, and a twig electrode
formed as a branch from the drain electrode and forming a
twig transistor for detecting a threshold voltage (Vth) of a
transistor formed by the gate electrode, the source electrode
and the drain electrode.

[0027] A method of driving an organic light emitting diode
(OLED) by an amorphous silicon TFT in accordance with
the present invention includes a step of writing a signal
voltage to the amorphous silicon TFT, a step of reading a
threshold voltage (Vth) of the amorphous silicon TFT by
using a twig transistor provided on the amorphous silicon
TFT, and a step of supplying a control voltage to the
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amorphous silicon TFT by correcting a new signal voltage
on the basis of the threshold voltage (Vth). Specifically, the
step of supplying the control voltage comprises adding the
new signal voltage and the threshold voltage (Vth) together.
Also, the step of reading the threshold voltage (Vth) com-
prises executing reading on the basis of an (N-1)th select
signal precedent to an Nth select signal for supplying the
control voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 is a diagram showing an active-matrix
OLED display to which an embodiment of the present
invention is applied;

[0029] FIG. 2 is a diagram showing a configuration of a
drive circuit used in the OLED display;

[0030] FIGS. 3A to 3D are diagrams showing J-hook
transistors in several patterns;

[0031] FIG. 4 is a diagram showing a drive circuit in
which Vth compensation is made by using a J-hook parasitic
transistor;

[0032] FIG. 5 is a timing chart of drive of the drive circuit
shown in FIG. 4;

[0033] FIGS. 6A and 6B are diagrams showing an
example of a configuration for extracting Vth from an
amorphous silicon TFT;

[0034] FIGS. 7A and 7B are diagrams showing other
configurations of amorphous silicon TFTs;

[0035] FIG. 8 is a diagram for explaining a method of
realizing Vth compensation in a conventional voltage-write
system; and

[0036] FIG. 9 is a diagram for explaining a method of
realizing Vth compensation in a conventional current-write
system.

DETAILED DESCRIPTION OF THE
INVENTION

[0037] The present invention will be described in detail
with respect to an embodiment thereof with reference to the
accompanying drawings.

[0038] Description of symbols
[0039] 10...OLED display
[0040] 11 ... Control circuit
[0041] 12 ... Scanning circuit
[0042] 13 ... Hold circuit
[0043] 20 ... Drive circuit
[0044] 21 ... Organic light emitting diode (OLED)
[0045] 22 ... Drive transistor
[0046] 23 ... Twig transistor
[0047] 24 ... First transistor
[0048] 25 ... Second transistor
[0049] 26 ... Third transistor
[0050] 27 ... Signal capacitor
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[0051] 28 ... Compensating capacitor
[0052] 31...OLED

[0053] 32 ... Drive transistor

[0054] 33 ... Twig transistor

[0055] 34 ... First transistor

[0056] 35... Second transistor
[0057] 36 ... Third transistor

[0058] 37 ... Fourth transistor

[0059] 38 ... Signal capacitor

[0060] 39 ... Compensating capacitor
[0061] 51 ... Gate electrode

[0062] 52 ... Source electrode
[0063] 53 ... Drain electrode

[0064] 54 ... Twig electrode

[0065] 55 ... Glass substrate

[0066] 56 ... Insulating film

[0067] 57 ... Amorphous silicon (a-Si)

[0068] FIG. 1 is a diagram showing an active-matrix
OLED display 10 to which this embodiment of the present
invention is applied. Among passive and active drive sys-
tems known as OLED drive systems, an active drive system
is suitable for control of 260,000 full colors or more, for
example. The active drive system requires TFT drive. TFT
technology includes a method using amorphous silicon
(a-Si) and a method using low-temperature polysilicon. In
this embodiment, an active-matrix OLED display 10 using
an amorphous silicon TFT is formed in accordance with the
present invention. This OLED display 10 has, for drive of an
m 'n array dot-matrix display panel, a control circuit 11
which processes a supplied video signal to output control
signals to driver circuits while timing the outputs as
required, a scanning circuit 12 which supplies select signals
(address signals) to scanning lines Y1 to Yn on the basis of
the control signal from the control circuit 11, a hold circuit
13 which supplies data signals to data lines X1 to Xm on the
basis of the control signal from the control circuit 11, and
drive circuits 20 which are provided in correspondence with
m ' n pixels, and which are controlled through the select
signal from the scanning circuit 12 and the data signal from
the hold circuit 13. The OLED display 10 may be grasped as
a display unit which includes a circuit for generating the
video signal supplied to the control circuit 11.

[0069] FIG.2 is a diagram showing a configuration of the
drive circuit 20 used in the OLED display 10. The drive
circuit 20 shown in FIG. 2 is constituted by an organic light
emitting diode (OLED) 21 using an organic compound in a
light emitting layer, five transistors (22 to 26), and two
capacitors (27, 28). The transistors in the drive circuit 20 are
a drive transistor 22 formed of an amorphous silicon (a-Si)
TFT provided as a large transistor for driving the OLED 21,
a twig transistor 23 which has a source electrode, a gate
electrode, etc. in common with the drive transistor 22, and
which has only a drain electrode as its independent portion,
a first transistor 24 provided between a data line and a signal
capacitor 27, a second transistor 25 provided between the
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data line side of the signal capacitor 27 and ground (GND),
and a third transistor 26 provided between the gate and the
drain of the twig transistor 23. The capacitors in the drive
circuit 20 are the signal capacitor 27 in which a control
voltage necessary for control of the drive transistor 22 is
wriltten, and a compensating capacitor 28 which has a
capacitance about twice that of the signal capacitor 27, and
in which a threshold voltage (Vth), i.e., a point at which a
current starts flowing through the drive transistor 22 is
stored.

[0070] In field-effect transistors (FETs) in general, the
relationship between gate-source voltage V,g and drain
current ID is expressed by a second-power curve. However,
the threshold voltage (Vth) becomes shifted with time
during the life. If the original gate-source voltage is Vago,
gate-source voltage VGS' is obtained as

Ves=YasotVih

in a certain time period. Therefore, compensation can be
made for the amount of this shift if this Vth can be correctly
computed and if the transistor can be driven by adding the
corresponding voltage. The threshold voltage (Vth) is a
voltage indicating the point at which the amount of charge
controlled through the gate voltage becomes prevailing over
the amount of charge in the semiconductor. As causes of this
Vth shift, jumping of electrons into the gate insulating film
when electrons flow through the channel and electrification
of Si due to cutting of Si bonds caused by electrons flowing
through the channel can be mentioned.

[0071] The drive transistor 22 is increased in width to
enable a large current to flow therethrough, and has a special
large-width shape for enabling a current to flow uniformly,
¢.g., a J-hooked shape (described below) such as to surround
an output pin. For example, in this embodiment, the twig
transistor 23 is provided in a portion in such a J-hooked
shape. The twig transistor 23 has only the drain formed
independently at an end or intermediate position in the
J-hooked portion of the drive transistor 22. It is expected that
the value of Vth of the drive transistor 22 and the value of
Vthof the twig transistor 23 can be made equal to each other.
However, there is no need to cause a large current such as
that in the drive transistor 22 to flow through the twig
transistor 23.

[0072] The drive transistor 22 formed of an amorphous
silicon TFT becomes charged with time due to jumping of
electrons into the film adjacent to the channel when elec-
trons move In the channel, destruction of silicon, etc., as
mentioned above, and has its threshold voltage (Vth)
thereby shifted during its life. Therefore there is a need to
detect the amount of this shift and to drive the TFT by
applying corresponding additional voltage. In this embodi-
ment, the twig transistor 23 is used to enable a voltage closer
to the drain voltage of the drive transistor 22 to be extracted.
That is, while a large current caused to flow through the
OLED 21 is flowing through the drive transistor 22, Vth can
be extracted from the twig transistor 23 branching from a
portion of the drive transistor 22. In this manner, Vth of the
large drive transistor 22 provided in the path for the OLED
21 can be measured with accuracy without using a plurality
of large transistors.

[0073] Since the current flowing through the drive tran-
sistor 22 relates to (Vs—Vth)?, a method of monitoring the
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gate voltage of the drive transistor 22 when the current is
sufficiently reduced from the state where the current is
caused to flow through the drive transistor 22 is used for
detection of Vth. In this embodiment, the concept of novel
twig transistor 23 is introduced for this current reducing
operation.

[0074] The first transistor 24 is turned on at the time of
writing of a signal. When the first transistor 24 is turned on,
a signal voltage enters the signal capacitor 27. When the first
transistor 24 is turned off, data existing at the moment at
which the first transistor 24 is turned off is held in the signal
capacitor 27.

[0075] When the second transistor 25 is off, the signal
capacitor 27 and the compensating capacitor 28 are in a state
of being disconnected from each other. When the second
transistor 25 is turned on, a voltage equal to weighted means
of the voltage across the capacitor 27 and the voltage across
the capacitor-28 in the preceding state is set across each of
the capacitors 27 and 28. Weighting for obtaining the
weighted means is determined by the ratio of the capaci-
tances of the two capacitors. For example, if the capacitance
ratio of the signal capacitor 27 and the compensating capaci-
tor 28 is 1:2, the voltage after turning on of the second
transistor 25 is

Vaverage=("5)xV1+(%5)xV2
where V1 is the signal voltage and V2 is the voltage Vth.

[0076] When the third transistor 26 is turned on, charge on
the gate of the twig transistor 23 is gradually released
through the drain of the twig transistor 23. The twig tran-
sistor 23 is thereby turned off. The gate voltage at this time
is Vth. Simultaneously, the drive transistor 22 is turned off.
If the twig transistor 23 is already in the shut-off state when
the third transistor 26 is turned on, detection of Vth is not
performed.

[0077] The operation of the drive circuit 20 shown in FIG.
2 will now be described.

[0078] As a first process, a data write cycle (Vth detection
cycle) will first be described. In a state where

[0079]

first transistor 24 is on,

[0080] sccond transistor 25 is off, and
[0081] third transistor 26 is on,
[0082] the drain current Id of the twig transistor 23 asymp-

totically approaches 0 and becomes approximately equal to
0 in about 10 usec. In the drive transistor 22, Id asymptoti-
cally approaches 0 in proportion to Id of the twig transistor
23. At this time, a signal voltage is written to the signal
capacitor 27. In the compensating capacitor 28, the voltage
Vth of the twig transistor 23 is written and detected.

[0083] As a second process, a pause will next be
described. When writing of the signal voltage is completed
and when the detection of Vth is completed, conditions
where

[0084] first transistor 24 is off,
[0085]
[0086]

second transistor 25 is off, and

third transistor 26 is off,
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[0087] are set, that is, all the first to third transistors are
turned off to fix the voltages. At this time 1d=0 in the twig
transistor 23; Id=0 in the drive transistor 22; the signal
voltage exists in the signal capacitor 27; and the voltage Vth
of the twig capacitor 23 exists in the compensating capacitor
28. The second process is inserted between the above-
described first process and a below-described third process
to prevent racing which is caused when the first and second
transistors 24 and 25 or the second and third transistors 25
and 26 are simultaneously turned on.

[0088] Finally, in the third process, the second transistor
25 is turned on to add the signal voltage and Vth together.
The added voltage is obtained as a gate control voltage for
the drive transistor 22. That is,

[0089] first transistor 24 is off,
[0090] second transistor 25 is on,
[0091] third transistor 26 is off,
[0092] Id=0 in twig transistor 23, and
[0093] Id=Is in drive transistor 22,
[0094] At this time,

(V5)x(signal voltage)+(%3)x Vih

is written to each of the signal capacitor 27 and the com-
pensating capacitor 28.

[0095] The operation in an initial state will now be
described.

[0096] In an initial state, since the voltage across the
compensating capacitor 28 is supposed to be 0V, no current
flows through the drive transistor 22. The following is a
description of a mechanism for enabling a current to gradu-
ally start flowing through the drive transistor 22 from this
state.

[0097] In the initial state, signal voltage Vs exists in the
signal capacitor 27 and the voltage Vc across the compen-
sating capacitor 28 is 0 V. By a first write, a voltage shown
by

V={ARVS+H(AXVC=(/4)XVS

is written to the compensating capacitor 28. If this voltage
is higher than Vth, the signal voltage and Vth are combined
at the time of the second write and after the second write.

[0098] In a transient state, by the second or nth voltage
write, a voltage shown by

Ve=Vx(1-(%) 'n)

is given to the compensating capacitor 28. In this way the
voltage Vc of the compensating capacitor 28 gradually
approaches Vs. By writing repeatedly a certain number of
times, the drive transistor 22 becomes conductive. Once the
drive transistor 22 becomes conductive, Vth compensation
is thereafter made.

[0099] Finally, in a steady state, signal voltage Vs is
applied to the signal capacitor 27 and voltage Vth is set
across the compensating capacitor 28. When the second
transistor 25 is turned on, a voltage corresponding to the sum
of weighted Vth and signal voltage Vs as shown by

Ve=("5)xVs+(¥5)x Vth
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remains in the compensating capacitor 28 to be used as a
voltage for control of the drive transistor 22 which is a large
transistor for driving the OLED 21.

[0100] A soft start of the drive transistor 22 is made as
described above to avoid causing an excessive load on the
drive transistor 22. If the drive transistor 22 is turned
completely on before detection of Vth, measurement of Vth
can be performed from the first write. However, a surge
current may be thereby caused to impose an excessive load
on the OLED 21 and the drive transistor 22. Moreover, since
the OLED 21 lights when the surface current flows, the
range of gradation from a dark portion relating to image
quality is limited to about 1000 times the lowest level. There
is a possibility that this deterioration in gradation will be
considered a problem in future. The above-described
method makes it possible to cope with such a problem. A
drive circuit using a J-hook type of parasitic transistor will
next be described.

[0101] FIGS. 3A to 3D are diagrams showing J-hook
transistors in several patterns. In this embodiment, a tran-
sistor D1 for causing a large current and a twig transistor D2
for detecting Vth can be formed by using one of these J-hook
transistors. As shown in FIGS. 3A to 3D, each J-hook
transistor is increased in width to enable a large current to
flow therethrough, and has a special J-hooked shape such as
to surround an output pin, which shape is selected to enable
a current to flow uniformly. In this embodiment, a source
electrode and a gate electrode in the J-hook transistor are
formed as common electrodes for transistors D1 and D2, and
the transistor D2 is formed by forming a portion of the drain
electrode of the transistor D1 as an independent portion. In
the J-hook transistor shown in FIG. 3(a), the twig transistor
D2 is formed at an end of the transistor D1. In the J-hook
transistor shown in FIG. 3B, a twig transistor D2 is formed
at an intermediate position in a transistor D1, and a transistor
D1'is thereby separated from the transistor D1. In the J-hook
transistor shown in FIG. 3C, two twig transistors D2 and
D2' are formed at intermediate positions in a transistor D1,
and transistors D1' and D" are separately formed. In the
J-hook transistor shown in FIG. 3D, three twig transistors
D2, D2', and D2" are formed at intermediate positions in a
transistor D1, and transistors D1', D", and D1'" are sepa-
rately formed. If Vth is measured through a plurality of twig
transistors D2 between transistors D1, it can be obtained
with improved accuracy. However, there is a need to connect
the separated portions. By considering wiring necessary for
this connection, it can be said that the structure shown in
FIG. 3A, in which no separated portions of the transistors
D1 and D2 exist, is most preferable. A special configuration
in which these amorphous silicon TFTs for driving are
formed is devised to enable limitation of local degradation
caused by current concentration at some portion. A twig
transistor may be formed in a circular type of transistor other
than the above-described J-hook transistor.

[0102] FIG. 4 is a diagram showing a drive circuit for
making Vth compensation by using a J-hook parasitic tran-
sistor such as one of those shown in FIGS. 3A to 3D. This
drive circuit is constituted by an OLED 31, six transistors
(32 t0 37), and two capacitors (38, 39). The transistors in the
drive circuit are a drive transistor 32 which is provided as a
large transistor for driving the OLED 31, and which corre-
sponds to one of the hook-type transistors D1 (D1/D1"/
D1") shown in FIGS. 3A to 3D, a twig transistor 33 which
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has a source electrode, a gate clectrode, etc. (including
amorphous silicon or the like) in common with the drive
transistor 32, which has only a drain electrode as its inde-
pendent portion, and which corresponds to one of the
transistors D2 (D2'/D2") shown in FIGS. 3A to 3D, a first
transistor 34 provided between a data line and a signal
capacitor 38, a second transistor 35 provided between the
signal capacitor 38 and a compensating capacitor 39, a third
transistor 36 provided between the gate and the drain of the
twig transistor 33, and a fourth transistor 37 for causing a
current to flow through the twig transistor 33. The capacitors
in the drive circuit are the signal capacitor 38 in which a
control voltage necessary for control of the drive transistor
32 is written, and the compensating capacitor 39 in which a
threshold voltage (Vth), i.e., a point at which a current starts
flowing through the drive transistor 32 is stored.

[0103] A “Not Select” signal for controlling the fourth
transistor 37 is used to disconnect the drive transistor 32 and
the twig transistor 33 from each other. When an (N-1)th
select signal (N-1th Select) is on, Vth of the twig transistor
33 is detected. A data (Data) signal is a voltage to be written.
An Nth select (Nth Select) signal is used to turn on the line
for writing. (N-1)th select signal is a signal formed for read
of Vth before the Nth write by which data is actually written.

[0104] FIG. 5 is a timing chart of drive of the drive circuit
shown in FIG. 4. The operation of the drive circuits will be
described with respect to periods (1) to (3) shown in FIG.
5. First, in the period (1), the second transistor 35 and the
third transistor 36 are turned on by (N-1)th select A signal to
start accumulating charge in the signal capacitor 38 and the
compensating capacitor 39 at voltage Vth of the drive
transistor 32 and the twig transistor 33. Since it is necessary
that the gate potential of the drive transistor 32 and the twig
transistor 33 be higher than Vth at the start of accumulation,
the fourth transistor 37 is turned on by the select B signal to
maintain a potential higher than Vth.

[0105] In the period (2), the fourth transistor 37 is turned
off and the charge accumulated in the signal capacitor 38 and
the compensating capacitor 39 flows to ground potential via
the third transistor 36 and the twig transistor 33. This
condition is maintained until the gate-source voltage Vgs of
the twig transistor 33 becomes equal to Vth.

[0106] Inthe period (3), the Nth (write line) select A signal
becomes high, the second transistor 35 and the third tran-
sistor 36 are turned off, and the first transistor 34 is thereby
turned on to write data voltage Vdata from the data line. At
this time, the potential across the compensating capacitor 39
is determined by capacitive division, as shown by the
following equation.

Ver = Vit Cl Vdata = Vil Viatae V. (Equation 4)
0 = Vi +m- ata = Vih + - Vdata = Vgs
[0107] Accordingly, the current flowing through the drive

transistor 32 becomes equal to the value independent of Vth,
as shown by the following equation.

Tds=o(Vgs-Vih)*=o(pxVdata)* (Equation 5)

[0108] FIGS. 6A and 6B are diagrams showing a con-
figuration for extracting Vth from an amorphous silicon
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TFT. FIG. 6A is a top view and FIG. 6B is a cross-sectional
view taken along a line A-A in FIG. 6A. Referring first to
FIG. 6B, in the structure of the inverse staggered amorphous
silicon TFT, a gate electrode 51 is formed on a glass
substrate 55, and an insulating film 56 of SiNx or the like is
formed on the gate electrode 51 and the substrate 55. Alayer
of amorphous silicon (a-Si) 57 is formed on the insulating
film 56, and a source electrode 52 and a drain electrode 53
are formed on the amorphous silicon layer 57. A feature of
this embodiment resides in that, as shown in FIG. 6A, a twig
electrode 54 which is a fourth electrode subordinate to the
drain electrode 53 is provided in the vicinity of the drain
electrode 53. That is, in a situation where both the gate
electrode 51 and the source electrode 52 are used, the drive
transistor 22 or 32 shown in FIG. 2 or 4 is constituted by this
drain electrode 53, while the twig transistor 23 or 33 is
constituted by the twig electrode 54.

[0109] Tt is preferred that the twig electrode 54 be pro-
vided in the vicinity of the drain electrode 53, the twig
electrode 54 be surrounded by the drain electrode 53 as
completely as possible, and the voltage on the twig electrode
54 be closer to the voltage on the drain electrode 53. The
voltage applied to the amorphous silicon (a-Si) 57 changes
gradually, and the influence of the voltage propagates
through an increasing distance. Therefore, if a structure in
which the twig electrode 54 is surrounded by the drain
electrode 53 is adopted, the influence of the drain electrode
53 on the twig electrode 54 can be increased to bring the
voltage obtained through the twig electrode 54 closer to the
voltage on the drain electrode 53.

[0110] FIGS. 7A and 7B are diagrams showing other
configurations of amorphous silicon TFTs. In the configu-
ration shown in FIG. 7A, a twig electrode 54 is placed
between two L-shaped drain electrodes 53. In the configu-
ration shown in FIG. 7B, a T-shaped twig electrode 54 is
placed so that its portion is interposed between two drain
electrodes 53. If drain electrode 53 and twig electrode 54 are
formed in such devised shapes that they are placed closer to
each other and extend adjacent to each other through an area
of a maximized length in an available space, a voltage close
to the voltage on the drain electrode 53 can be obtained
through the twig electrode 54, thus largely improving the
accuracy of measurement of Vth in the amorphous silicon
TFT.

[0111] In this embodiment, as described above, the drive
transistor 22 or 32 formed of an amorphous silicon TFT
through which a large current for driving the OLED 21 or 31
is caused to flow is constructed so as to enable its threshold
voltage (Vth) to be measured through the twig transistor 23
or 33 having the gate electrode 51, the source electrode 52,
etc. in common with the drive transistor 22 or 32 and having
the twig electrode 54. That is, this twig transistor 23 or 33
is used in the method of monitoring the gate voltage of the
drive transistor 22 or 32 when the current is sufficiently
reduced from the state where the current is caused to flow
through the drive transistor 22 or 32, thus facilitating detec-
tion of Vth and improving the accuracy of detection of Vth.

[0112] A method of detecting Vth, for example, based on
a method of connecting two transistors in series and using
one of them for on/off control and the other for current
control is conceivable. However, there is a problem with this
method in that since the transistors are connected in series,
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the area occupied by the transistors is increased and it is
difficult to mount the transistors if a device such as an
amorphous silicon TFT of a low electron mobility is used to
carry out the method. Such a problem relating to mounting
can be solved by using the twig transistor 23 or 33. That is,
in a transistor structure in one amorphous silicon TFT, a TEFT
structure having both a portion for detecting Vth and a
portion for causing a current is made, thus eliminating the
need for providing a plurality of large TFTs.

[0113] In this embodiment, a switched capacitor system is
used to combine a detected Vth and a signal voltage. This
system enables measurement of Vth and write of a signal to
be performed in parallel with each other (simultaneously
performs detection of Vth and write of data). That is, the
obtained Vth is stored in a capacitor and the signal voltage
is added to it. In this manner, simplified control and a
reduction in the number of control lines can be achieved.
Also, it is possible to provide a drive circuit having a shorter
write time and improved current stability.

[0114] Inthis embodiment, the twig electrode 54 is formed
in such a manner that the gate electrode 51 and the source
electrode 52 are formed as common electrodes and a branch
from the drain electrode 53 is formed. However, the arrange-
ment may alternatively be such that the gate electrode 51 and
the drain electrode 53 are formed as common electrodes
while the source electrode 52 branches off.
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[0115] According to the present invention, as described
above, a threshold voltage (Vth) can be suitably extracted
from an amorphous silicon TFT.

1.-16. (canceled)

17. A method of driving an organic light emitting diode
(OLED) by an amorphous silicon TFT, comprising the steps
of:

writing a signal voltage to the amorphous silicon TFT;

reading a threshold voltage (Vth) of the amorphous sili-
con TFT by using a twig transistor provided on the
amorphous silicon TFT; and

supplying a control voltage to the amorphous silicon TFT
by correcting a new signal voltage on the basis of the
threshold voltage (Vth).

18. The method according to claim 17, wherein said step
of supplying the control voltage comprises adding the new
signal voltage and the threshold voltage (Vth) together.

19. The method according to claim 17, wherein said step
of reading the threshold voltage (Vth) comprises executing
reading on the basis of an (N-1)th select signal precedent to
an Nth select signal for supplying the control voltage.

* ok %k
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