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(57) ABSTRACT 

The present invention is characterized in that a transistor with 
its L/W set to 10 or larger is employed, and that IVs of the 
transistor is set equal to or larger than 1 V and equal to or less 
than IV-V. The transistor is used as a resistor so that the 
resistance of a light emitting element can be held by the 
transistor. This slows down an increase in internal resistance 
of the light emitting element and the resultant current value 
reduction. Accordingly, a change with time in light emission 
luminance is reduced and the reliability is improved. 
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METHOD OF DRIVING ALIGHT EMITTING 
DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 13/955,154, filed Jul. 31, 2013, now allowed, 
which is a continuation of U.S. application Ser. No. 13/347, 
780, filed Jan. 11, 2012, now U.S. Pat. No. 8,502,241, which 
is a continuation of U.S. application Ser. No. 12/238,035, 
filed Sep. 25, 2008, now U.S. Pat. No. 8,101,439, which is a 
continuation of U.S. application Ser. No. 10/425,708, filed 
Apr. 30, 2003, now U.S. Pat. No. 7,445,946, which claims the 
benefit of a foreign priority application filed in Japan as Serial 
No. 2002-129424 on Apr. 30, 2002, all of which are incorpo 
rated by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a technique of a 
light emitting device using a light emitting element, and more 
specifically to a technique of a light emitting device control 
ling an applied Voltage of the light emitting element with 
electric field effect type transistors. 
0004 2. Description of the Related Art 
0005. In recent years, the development of a display device 
for displaying an image has been progressed. As the display 
device, a liquid crystal display device for displaying an image 
using a liquid crystal element has been widely used for a 
display screen of a mobile telephone by taking advantages of 
a high image quality, a thin type, a lightweight, and the like. 
0006. On the other hand, in recent years, the development 
of a light emitting device using a light emitting element has 
been also progressed. The light emitting device has features 
Such as a high response speed, Superior moving picture dis 
play, and wide viewing characteristic in addition to advan 
tages of the existing liquid crystal display device. Thus, it has 
been noted as a next-generation compact mobile flat panel 
display capable of using moving picture contents. 
0007. The light emitting element is made of broad mate 

rials such as an organic material, an inorganic material, a thin 
film material, a bulk material, or a dispersion material. Of 
them, as a typical light emitting element, there is an organic 
light emitting diode (OLED) mainly made of an organic 
material. The light emitting element has a structure in which 
an anode, a cathode, and a light emitting layer sandwiched 
between the anode and the cathode are provided. The light 
emitting layer is made of one or plural materials selected from 
the above-mentioned materials. Note that the amount of cur 
rent flowing between both electrodes of the light emitting 
element is in direct proportion to light emission luminance. 
0008. In many cases, a plurality of pixels each having a 
light emitting element and at least two transistors are pro 
vided in the light emitting device. In each of the pixels, a 
transistor connected in series with the light emitting element 
(hereinafter indicated as a driver transistor) has a function for 
controlling light emission of the light emitting element. When 
a gate-source Voltage (hereinafter indicated as Vs) of a 
driver transistor and a source-drain Voltage (hereinafter indi 
cated as Vs) thereof are changed as appropriate, the driver 
transistor cart be operated in a Saturation region or a nonsat 
uration region. 
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0009. When the driver transistor is operated in the satura 
tion region (IVs-V|(IVs), the amount of current flowing 
between both electrodes of the light emitting element is 
greatly dependent on a change in IVs of the driver transistor 
but not dependent on a change in Vs. Note that a drive 
method of operating the driver transistor in the Saturation 
region is called constant current drive. FIG.9A is a schematic 
view of a pixel to which the constant current drive is applied. 
In the constant current drive, a gate electrode of the driver 
transistor is controlled to flow the necessary amount of cur 
rent into the light emitting element. In other words, the driver 
transistor is used as a Voltage control current source and the 
driver transistor is set such that a constant current flows 
between a power source line and the light emitting element. 
0010. On the other hand, when the driver transistor is 
operated in the nonsaturation region (IV-VIDIVs), the 
amount of current flowing between both electrodes of the 
light emitting element is changed according to both values of 
IVs and IVs, more specifically, IVs is changed depend 
ing on the value of IVs and in a range within 1 V at the 
maximum. Note that a drive method of operating the driver 
transistor in non-saturation region is called constant Voltage 
drive. FIG.9B is a schematic view of a pixel to which the 
constant Voltage drive is applied. In the constant Voltage 
drive, the driver transistor is used as a Switch, and a power 
Source line and the light emitting element are shorted if nec 
essary, thereby flowing a current into the light emitting ele 
ment. 

0011. There is provided a light emitting device capable of 
displaying clear multi-gradation colors using pixels which 
perform Such constant Voltage driving. Further, there also is 
provided a light emitting device applicable to a time-grada 
tion method. (see Patent References 1 and 2). 
0012 Patent Reference 1 JP 2001-343933 A 
0013 Patent Reference 2 JP 2001-5426A 
0014 Light emitting elements by nature increase their 
resistance (internal resistance) with time. An increase in inter 
nal resistance causes reduction in amount of current flowing 
between anodes and cathodes of light emitting elements 
because the current is in reverse proportion to the resistance. 
In short, the luminance of a light emitting element is lowered 
with time and this makes it difficult to obtain a desired light 
emission luminance. 

SUMMARY OF THE INVENTION 

0015 The present invention has been made in view of the 
above, and an object of the present invention is therefore to 
provide a method of driving a light emitting device by con 
stant Voltage driving which can slow down current reduction 
with time and improve the reliability. 
0016. According to an aspect of the present invention, 
there is provided a method of driving a light emitting device 
having a light emitting element and a driving transistor, the 
transistor being connected to the light emitting element, the 
transistor having a channel with W and a channel length L 
which satisfy L/Wa10, 
0017 the method being characterized in that a voltage is 
applied to a gate electrode of the driving transistor and to a 
drain electrode or source electrode thereof So that a gate 
source Voltage V's source-drain Voltage Vs, and threshold 
Voltage V, of the driving transistor satisfy 1s Voss IVs 
V,i,. 
0018. According to another aspect of the present inven 
tion, there is provided a method of driving a light emitting 
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device having a light emitting element and first and second 
driving transistors, the transistors being connected to the light 
emitting element, the transistors having a channel width W 
and a channel length L which satisfy L/Wa10, 
0019 the method being characterized in that: 
0020 the first and second driving transistors are connected 
1n Ser1es; 
0021 a channel width W and channellength Lofthe first 
driving transistor and a channel width W and channel length 
L of the second driving transistor satisfy (L+L)/We 10 
and (L+L)/We 10; 
0022 a voltage is applied to a gate electrode of the first 
driving transistor and to a drain electrode or source electrode 
thereof so that a gate-source Voltage Vs, source-drain Volt 
age Vs, and threshold Voltage V of the first driving tran 
sistor Satisfy 1s Voss Vis-V, ; and 
0023 a voltage is applied to a gate electrode of the second 
driving transistor and to a drain electrode or source electrode 
thereof so that a gate-source Voltage Vs., source-drain Volt 
age Vs, and threshold Voltage V of the second driving 
transistor satisfy 1s Voss Vis-V2. 
0024. To summarize the above, a light emitting device to 
which the present invention is applied is characterized by 
using a driving transistor with its L/W set to equal to or larger 
than 10. The present invention is characterized by operating a 
driving transistor with its IVs, which is nearly Zero in prior 
art, set equal to or larger than 1 V and equal to or Smaller than 
Vis-VI. Operating the driving transistor at IVs in the 
above range makes it possible to use the driving transistor as 
a resistor. This makes the current flowing between electrodes 
of a light emitting element inversely related to the sum of 
resistance of the light emitting element and resistance of the 
driving transistor. In short, the current value in the present 
invention is in reverse proportion to the Sum of resistance 
values of the light emitting element and of the driving tran 
sistor whereas the current value in prior art is in reverse 
proportion to the resistance value of the light emitting ele 
ment alone. As a result, the reduction with time in current 
value of the light emitting element can be slowed down. 
Accordingly, lowering of light emission luminance with time 
is reduced and the reliability is improved. 
0025. The present invention is also characterized in that a 
Voltage is applied to a gate electrode of the driving transistor 
and to a drain electrode or a source electrode thereof so that 
the driving transistor operates with its IVs set equal to or 
larger than 1 V and equal to or smaller than IV-V. In 
other words, the present invention is characterized in that a 
Voltage is applied to a signal line for inputting a signal to the 
gate electrode of the driving transistor and is applied to a 
power Supply line connected with the source electrode or 
drain electrode of the driving transistor to give these lines 
appropriate electric potentials. To elaborate, the invention is 
characterized in that the electric potential of a signal to be 
inputted to the gate electrode of the driving transistor, the 
electric potential of a signal line driving circuit connected to 
a signal line that outputs the above signal, the electric poten 
tial of a power Supply line connected to the source electrode 
or drain electrode of the driving transistor, and the electric 
potential of a power Supply circuit connected to the power 
Supply line are set to their respective appropriate levels. 
0026. The present invention employs a transistor with its 
L/W set to 10 or larger and therefore is characterized in that 
IVs of the driving transistor is held by a capacitor between 
the gate electrode and channel formation region of the driving 
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transistor. In other words, a transistor in the present invention 
can double as a capacitor element and influence of fluctuation 
in characteristic of the transistor itself is reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0027. In the accompanying drawings: 
0028 FIGS. 1A and 1B are diagrams illustrating voltage 
current characteristics; 
0029 FIGS. 2A to 2E are diagrams illustrating effects of 
the present invention; 
0030 FIGS. 3A and 3B are diagrams showing simulation 
results; 
0031 FIGS. 4A to 4D are diagrams showing a light emit 
ting device according to the present invention; 
0032 FIGS. 5A and 5B are diagrams showing a light 
emitting device according to the present invention; 
0033 FIGS. 6A to 6H are diagrams showing electronic 
apparatuses to which the present invention is applied; 
0034 FIGS. 7A and 7B are diagrams showing layout of 
pixels in accordance with the present invention; 
0035 FIGS. 8A and 8B are diagrams showing layout of 
pixels in accordance with the present invention; 
0036 FIGS. 9A and 9B are conceptual diagrams of con 
stant current driving and constant Voltage driving, respec 
tively; and 
0037 FIGS. 10A to 10C are diagrams illustrating voltage 
current characteristics. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment Mode 1 

0038 An embodiment mode of the present invention will 
be described with reference to FIGS 1A to 4D. 
0039 FIG. 4A shows an outline of a light emitting device 
to which the present invention is applied. The light emitting 
device has a pixel portion 302 and a signal line driving circuit 
303 and scanning line driving circuit 304 which are placed in 
the periphery of the pixel portion 302. 
0040. The pixel portion 302 has x signal lines S to S, and 
X power Supply lines V to V, which are arranged in the 
column direction, as well asy scanning lines G, to G, and y 
power supply lines C, to C, which are arranged in the row 
direction (Xandy are natural numbers). A region Surrounded 
by one of the X signal lines S to S, one of the X power supply 
lines V to V, one of they scanning lines G to G, and one of 
they power supply lines C, to C, corresponds to a pixel 301. 
In the pixel portion 302, the pixel 301 and similarly structured 
pixels are arranged to form a matrix pattern. 
0041. The signal line driving circuit 303 and the scanning 
line driving circuit 304 may be formed integrally on the same 
substrate where the pixel portion 302 is formed. Alternatively, 
the driving circuits may be placed outside of the substrate on 
which the pixel portion 302 is formed. The light emitting 
device may have more than one signal line driving circuit,303 
and more than one scanning line driving circuit 304. Arbitral 
numbers can be set for the signal line driving circuit 303 and 
the scanning line driving circuit 304 So as to Suit the structure 
of the pixel portion 301. Signals and power are supplied to the 
signal line driving circuit 303 and the scanning line driving 
circuit 304 through an FPC or the like (not shown in the 
drawing) from the external. The power supply lines C, to C, 
are connected to a power Supply circuit, which may be inte 



US 2016/0262219 A9 

grated with the pixel portion 302 or may be external and 
connected to the pixel portion 302 through an FPC or the like. 
0042 Light emitting devices in the present invention 
include a light emitting panel in which a pixel portion with a 
light emitting element and driving circuits are sealed between 
a Substrate and a cover member, a light emitting module 
obtained by mounting an IC or the like to the light emitting 
panel, and a light emitting display for use as a display device. 
In short, light emitting device is used as the generic term for 
a light emitting panel, a light emitting module, a light emitting 
display, and the like. 
0043. The pixel 301 is on the i-th column and j-th row in 
the pixel portion 302. Two typical structural examples for the 
pixel 301 will be given and details thereof are described with 
reference to FIGS. 4B and 4C. The pixel 301 shown in FIG. 
4B has a switching transistor 306, a driving transistor 307, 
and a light emitting element 308. The pixel 301 shown in FIG. 
4C has an erasing transistor 309 and a scanning line R, in 
addition to the components of the pixel 301 of FIG. 4B. 
0044. In FIGS. 4B and 4C, the switching transistor 306 has 
a gate electrode which is connected to a scanning line G. The 
switching transistor 306 also has a first electrode connected to 
a signal line S, and a second electrode connected to a gate 
electrode of the driving transistor 307. A first electrode of the 
driving transistor 307 is connected to a power supply line V, 
and a second electrode thereof is connected to one of elec 
trodes of the light emitting element 308. The other electrode 
of the light emitting element 308 is connected to a power 
supply line C. 
0045. In FIG. 4C, the switching transistor 306 and the 
erasing transistor 309 are connected to each other in series 
between a signal line S, and a power Supply line V. The 
erasing transistor 309 has a gate electrode connected to the 
scanning line R. 
0046. In this specification, one of the electrodes of the 
light emitting element 308 that is connected to the second 
electrode of the driving transistor 307 is called a pixel elec 
trode and the other electrode connected to the power supply 
line C, is called an opposite electrode. 
0047. The switching transistor 306 in FIGS. 4Band4C has 
a function of controlling input of signals to the pixel 301. The 
switching transistor 306 only has to have the function of a 
switch and therefore the conductivity type thereof is not par 
ticularly limited; the switching transistor 306 can be the 
n-channel type and the p-channel type both. 
0048. The driving transistor 307 in FIGS. 4B and 4C has a 
function of controlling light emission of the light emitting 
element 308. The conductivity type of the driving transistor 
307 is not particularly limited. When the driving transistor 
307 is a p-channel transistor, the pixel electrode serves as an 
anode whereas the opposite electrode serves as a cathode. 
When the driving transistor 307 is an n-channel transistor, the 
pixel electrode serves as a cathode whereas the opposite 
electrode serves as an anode. 
0049. The erasing transistor 309 in FIG.4C has a function 
of stopping light emission of the light emitting element 308. 
The erasing transistor 309 only has to have the function of a 
switch and therefore the conductivity type thereof is not par 
ticularly limited; the erasing transistor 309 can be an n-chan 
nel type transistor and a p-channel type transistor. 
0050. The transistors placed in the pixel 301 can have a 
single-gate structure with one gate electrode as well as a 
multi-gate structure Such as a double-gate structure with two 
gate electrodes and a triple-gate structure with three gate 
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electrodes. Also, the transistors may have a top gate structure 
in which a gate electrode is placed above a semiconductor or 
a bottom gate structure in which a gate electrode is placed 
below a semiconductor. 
0051. The light emitting device to which the present inven 
tion is applied is characterized in that a channellength L of the 
driving transistor 307 is set long. Specifically, the device is 
characterized in that the channel length L is set several to 
several hundred times longer than a channel width W of the 
driving transistor 307. 
0052 Referring to FIGS. 1A and 1B and FIGS. 10A to 
10C, a description is given on the Voltage-current character 
istic of a standard-sized transistor which is designed to have a 
standard (common) L/W value, 0.5, and the voltage-current 
characteristic of a long-sized transistor of the present inven 
tion in which L/W is 100. Also described is the voltage 
current characteristic of the light emitting element 308 when 
the driving transistor 307 is the long-sized transistor. 
0053 FIG. 1A shows a portion of the pixel 301 of FIGS. 
4A to 4D where the driving transistor 307 is connected to the 
light emitting element 308. In FIG. 1A, the source electrode 
of the driving transistor 307 which is connected to the power 
supply line V, is denoted by 101 and the gate electrode of the 
driving transistor 307 is denoted by 102. The pixel electrode 
of the light emitting element 308 (the drain electrode of the 
driving transistor 307) is denoted by 103 and the opposite 
electrode is denoted by 104. The source-drain voltage of the 
driving transistor 307 is denoted by Vs. The voltage between 
the pixel electrode 103 and the opposite electrode 104 is 
denoted by V. 
0054 FIG. 1B shows voltage-current characteristics 106 
and 107 of when Vos and Vos (VissVs) are applied to 
the long-sized transistor, Voltage current characteristics 108 
and 109 of when Voss and Visa (VissVisa) are applied to 
the standard-sized transistor, and a voltage-current character 
istic 110 of the light emitting element 308. Since the driving 
transistor 307 and the light emitting element 308 are con 
nected in series, the same amount of current flows in the 
transistor and the light emitting element. Accordingly, the 
driving transistor 307 and the light emitting element 308 are 
driven at an intersection point (operation point) of the curves 
that indicate their Voltage-current characteristics. 
0055 As shown in FIG. 1B, according to the voltage 
current characteristics of the standard-sized and long-sized 
transistors, a current value I, rises as Vs is increased. Then 
the current value I reaches Saturation when Vs passes a 
certain voltage level. The Vs value at which the current value 
I, reaches Saturation varies depending on Vs. 
0056. Here, the desired value of current flowing between 
the electrodes of the light emitting element 308 is given as 
Io, and a portion 111 of FIG. 1B is enlarged in FIG. 10A. 
FIG. 10B shows the voltage-current characteristics 108 and 
109 of the standard-sized transistor and the voltage-current 
characteristic 110 of the light emitting element 308. FIG. 10C 
shows the voltage-current characteristics 106 and 107 of the 
long-sized transistor and the Voltage-current characteristic 
110 of the light emitting element 308. 
0057. As shown in FIG. 10A, in the region denoted by 111, 
the curves 108 and 109 of the standard-sized transistor are 
sharply inclined whereas the curves 106 and 107 of the long 
sized transistor are gently inclined. 
0058. The difference in inclination originates from the 
difference in L/W between the transistors. The standard-sized 
transistor has an L/W value of 0.1 to 2 and therefore Vs of the 
transistor cannot be set large. The Vs value is far Smaller 
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than V, and nearly Zero as shown in FIG. 10B. In short, the 
curve of the standard-sized transistor has a sharp inclination 
because the drain current I, is rapidly increased accompany 
ing a change in Vs and reaches Saturation when Vs passes 
a certain Voltage level. 
0059. In contrast, the long-sized driving transistor is char 
acterized by setting L/W to 10 or larger and operating with its 
IVs set equal to or larger than 1 V and equal to or Smaller 
than IVs-V. Operating the driving transistor at the above 
range of IVs makes it possible to use the driving transistor 
as a resistor. Therefore, as shown in FIG. 10C, the difference 
between Vs and V of the long-sized transistor is not large 
and a change in Vs causes a slow increase in drain current I, 
Its Voltage-current characteristic curve accordingly has a 
gentle inclination. 
0060. The present invention employs the driving transistor 
307 with its L/W set to 10 or larger and appropriate voltages 
are applied to the power supply line V, connected with the 
driving transistor 307 and to the gate electrode to set the 
electric potentials of the power Supply line V, and the gate 
electrode to appropriate levels. In this way, IVs of the driv 
ing transistor 307 which is less than 1 V in prior art can be set 
equal to or larger than 1 V and equal to or Smaller than 
Vis-VI. Since the resistance of a transistor also depends on 
IVs of the transistor, setting IV, equal to or larger than 1 
V and equal to or Smaller than IVs-V, causes resistance 
(internal resistance) in the driving transistor. As a result, the 
current flowing between the electrodes of the light emitting 
element becomes inversely related to the sum of resistance of 
the light emitting element and of the transistor. In short, the 
current value in the present invention is in reverse proportion 
to the Sum of resistance of the light emitting element and of 
the driving transistor whereas the current value in prior art is 
in reverse proportion to the resistance of the light emitting 
element alone. The current value reduction with time of the 
light emitting element thus can be slowed down. A detailed 
description is given on this effect with reference to FIGS. 2A 
to 2E. 
0061. Within the above IV, range, the resistance of the 
transistor can slow down the reduction of the current value. In 
other words, the resistance of the transistor when IV, is less 
than 1 V is too small to hold back the reduction in current 
value whereas the transistor operates in a Saturation range 
when IVs is larger than Vos-Val. 
0062 FIGS. 2A and 2B show a portion where the long 
sized driving transistor 307 and the light emitting element 308 
are connected to each other. FIGS. 2C and 2D show a portion 
where the standard-sized driving transistor 307 and the light 
emitting element 308 are connected to each other. The resis 
tance of the transistor 307 is given as Rand the resistance of 
the light emitting element 308 is given as R. 
0063. In FIGS. 2A and 2B, when one of the electrodes of 
the light emitting element 308 is grounded, the current value 
I satisfies the following Expression (1). 

Ipt Votif (RT+RE) (1) 

0064. In Expression (1), the resistance R of the transistor 
307 and the resistance Rof the light emitting element 308 are 
substantially equal to each other. With time, the resistance R. 
of the transistor 307 is reduced and the resistance R. of the 
light emitting element 308 is increased. Then the current 
value I of the current flowing in the light emitting element 
308 satisfies the following Expression (2). 

I-V (RT'+RE) (2) 

0065 Assuming that the resistance of the light emitting 
element 308 becomes with time R, which satisfies R.'s2x 
R, the rate of change of the current value I is /3. More 
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accurately, R is larger than R. (RDR) in the above Expres 
sions (1) and (2) since the resistance R of the light emitting 
element 308 increases and the resistance R of the transistor 
307 declines with time. The exact rate of change of the current 
value I is therefore less than /3. 
0066 Similarly, in FIGS. 2C and 2D, when one of the 
electrodes of the light emitting element 308 is grounded, a 
current value Is of the current flowing in the light emitting 
element 308 satisfies the following Expression (3). The stan 
dard-sized transistor 307 has substantially no resistance R 
and therefore the resistance Rhere is assumed as Zero. 

Its Vops/RE (3) 

0067. As the resistance of the light emitting element 308 is 
increased with time, the current value Is of the current flow 
ing in the light emitting element 308 now satisfies the follow 
ing Expression (4). 

Ips-ops/RE' (4) 

0068 Assuming that the resistance of the light emitting 
element 308 becomes R. which satisfies R=2xR, the rate 
of change of the current value Is is /2. 
0069. To summarize the above, if the resistance of the light 
emitting element 308 satisfies R=2xR, the rate of change 
of the current value is /2 when the transistor used is the 
standard-sized transistor whereas it is about /3 when the 
transistor used is the long-sized transistor. The use of the 
long-sized transistor thus reduces apparent rate of change. 
0070. As described, the current value is in reverse propor 
tion to the resistance of the light emitting element alone when 
the standard-sized transistor is used. On the other hand, when 
the long-sized transistor of the present invention in which 
L/W is set to 10 or larger is employed, a voltage is applied to 
the power Supply line (not shown in the drawings) connected 
with the source electrode of the driving transistor to set the 
power Supply electric potential V, of the power Supply line 
to an appropriate level and a Voltage is applied also to the gate 
electrode of the driving transistor. In this way, IVs of the 
driving transistor 307 which is less than 1V in prior art can be 
set equal to or larger than 1 V and equal to or Smaller than 
Vis-VI. Setting IVs equal to or larger than 1 V and equal 
to or Smaller than IVs-V, causes resistance (internal resis 
tance) in the transistor. This makes the value of the current 
flowing between the electrodes of the light emitting element 
inversely related to the Sum of resistance of the light emitting 
element and of the transistoras shown in the equivalent circuit 
of FIG. 2E. As a result, the current value reduction with time 
of the light emitting element can be slowed down. 
0071. The present invention employs a transistor with its 
L/W set to 10 or larger and therefore is characterized in that 
IVs of the driving transistor is held by a capacitor between 
the gate electrode and channel formation region of the driving 
transistor. In other words, a transistor in the present invention 
can double as a capacitor element and influence of fluctuation 
in characteristic of the transistor itself is reduced. 
0072 The present invention can be carried out by merely 
designing a driving transistor to have an L/W which is larger 
than usual and there is no need to add another manufacturing 
step. Therefore the present invention can slow down the 
reduction of the current value without lowering the yield in 
the manufacturing process. 
0073. The resistance (internal resistance) of the light emit 
ting element 308 is changed not only with time but also by 
temperature shift because of its nature. To elaborate, the resis 
tance of the light emitting element 308 declines when the 
temperature becomes higher than the now all temperature, 
namely room temperature, and rises when the temperature 
becomes lower than normal. According to FIG. 10B, Vs of 
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the standard-sized transistor is far Smaller than V and is 
nearly Zero. This means that, when the standard-sized tran 
sistor is used, the value of the current flowing in the light 
emitting element is determined mainly by the resistance of 
the light emitting element. If the temperature rises higher than 
room temperature to cause a drop in resistance of the light 
emitting element, the light emission luminance Surges result 
ing in degradation of the light emitting element and burn-in of 
a display pattern. On the other hand, according to FIG. 10C. 
the curve of the long-sized transistor has a gentle inclination, 
there is no large difference between Vs and V, and the 
current value is gradually increased accompanying a change 
in Vs. In short, when the long-sized transistor of the present 
invention is used, a change in resistance due to temperature 
shift does not cause a light emission Surge. 

Embodiment Mode 2 

0.074 This embodiment describes simulation results of the 
standard-sized and long-sized transistors with reference to 
FIGS. 3A and 3B. Table 1 below shows for each transistor in 
the simulation the channellength L, the channel width W, the 
absolute value IV of the threshold, the absolute value IVs 
of the gate-source voltage, the electric potential 101 of the 
drain electrode, the electric potential 102 of the gate elec 
trode, and the electric potential 103 of the source electrode 
(the electric potential of the pixel electrode). Table 1 also 
shows the electric potential 104 of the opposite electrode, and 
the current value I and resistance R of the light emitting 
element 308. 

Table 1 

0075. In FIG.3A, the voltage-current characteristic of the 
long-sized transistor is denoted by 201 and the Voltage-cur 
rent characteristic of the standard-sized transistoris indicated 
by 202. As shown in FIG. 3A, the voltage-current character 
istic 201 of the long-sized transistor has a gentle inclination 
whereas the voltage-current characteristic 202 of the stan 
dard-sized transistor is sharply inclined. Both curves reach 
saturation when a certain Voltage level or over is attained. 
0076. A region denoted by 203 in FIG. 3A is enlarged in 
FIG. 3B. Table 2 shows simulation results on the absolute 
value IVs (V) of the source-drain Voltage of the driving 
transistor 307 and the current value I (nA) when the resistance 
of the light emitting element 308 is changed with time from 
10 MSD to 12 MSD to 15 MSD in FIG. 3B. 

Table 2 

0077. As shown in Table 2, when the resistance of the light 
emitting element 308 is 10 MS2, the same amount of current 
value, 500 nA flows in the long-sized transistor and the stan 
dard-sized transistor. As the resistance of the light emitting 
element 308 rises to 12 MS2 with time, the current value of the 
long-sized transistoris reduced to 467 nA whereas the current 
value of the standard-sized transistor is reduced down to 419 
nA. Compared to the initial current value (500 na), the rate of 
change of the current value of the long-sized transistoris 93% 
and the rate of change of the current value of the standard 
sized transistor is 84%. 

0078. As time passes furthermore, the resistance of the 
light emitting element 308 reaches 15 MS2 to reduce the 
current value of the long-sized transistor to 419 na and the 
current value of the standard-sized transistor to 336 nA. At 
this point, the rate of change from the initial current value 
(500 nA) is 84% for the long-sized transistor and 67% for the 
standard-sized transistor. 
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007.9 The present invention is characterized in that a volt 
age is applied to a gate electrode of the driving transistor and 
to a drain electrode or source electrode thereof so that the 
driving transistor operates with its IVs set equal to or larger 
than 1 V and equal to or Smaller than IVs-VI. In other 
words, the present invention is characterized in that a Voltage 
is applied to a signal line for inputting a signal to the gate 
electrode of the driving transistor and is applied to a power 
Supply line connected with the Source electrode or drain elec 
trode of the driving transistor to give these lines appropriate 
electric potentials. According to the present invention, a driv 
ing transistor is operated at IVs in the above range, thereby 
making it possible to use the driving transistor as a resistor. 
This makes the value of the current flowing between elec 
trodes of a light emitting element inversely related to the Sum 
of resistance of the light emitting element and resistance of 
the driving transistor. As a result, the reduction with time in 
current value of the light emitting element can be slowed 
down. Accordingly, lowering of light emission luminance 
with time is reduced and the reliability is improved. 

Embodiment Mode 3 

0080. In the above embodiment modes, one transistor is 
used as a driving transistor. This embodiment gives with 
reference to FIG. 4D a description on a case in which two 
transistors connected in series serve as a driving transistor. 
10081) A pixel 301 shown in FIG. 4D has a scanning line R, 
and a driving transistor 321 in addition to the components of 
the pixel 301 of FIG. 4A. To be specific, the pixel 301 of FIG. 
4D has a switching transistor 320, the driving transistor 321, 
a driving transistor 322, and a light emitting element 308. 
I0082. The description given in this embodiment deals with 
both simulation results on a case of using one transistor for a 
driving transistor as shown in FIGS. 4B and 4C and simula 
tion results on a case of using two transistors for a driving 
transistor as shown in FIG. 4D. 
I0083 Table 3 below shows the channel length L, the chan 
nel width W, the absolute value IV of the threshold, and the 
absolute value IVs of the gate-source Voltage for each tran 
sistor in the simulation. As shown in Table 3, the sum of 
channel lengths of the transistor 321 and the transistor 322 is 
500 um and is equal to the channel length of the transistor 307 
by itself. Every one of these transistors has the same channel 
width, 7 um. 

Table 3 

I0084 Table 4 shows IV, of each transistor and the cur 
rent value I when the resistance of the light emitting element 
308 is changed from 10 MS2 to 15 MS2 with time. The simu 
lation results shown in this embodiment mode are of when the 
resistance of the light emitting element 308 is changed from 
10 MSD to 15 MS2 with time with the border between the 
saturation range and the non-Saturation range as the starting 
point. 

Table 4 

0085. As shown in Table 4, an increase in resistance of the 
light emitting element 308 from 10 MS2 to 15 MS2 with time 
causes a change in current value at a rate of 92% in the case 
where one transistor (the transistor 307) is used. On the other 
hand, the rate of change in current value is 98% when two 
transistors (the transistors 321 and 322) are used. 
I0086. In short, the rate of change incurrent value with time 
is slowed down more when the sum of channel lengths of 
plural transistors is 500 um than when one transistor having a 
channel length of 500 um is used. 
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0087. When plural transistors are used as a driving tran 
sistor, Vs of each of the transistors is set arbitrarily. If each 
pixel has three sub-pixels, namely an R color Sub-pixel, a G 
color Sub-pixel, and a B color Sub-pixel, in order to display in 
multicolors, IVs to be inputted is set to an arbitral value in 
accordance with the light emission efficiency of the respec 
tive sub-pixels. 
0088. In the above Table 4, the rate of change when one 
transistor (the transistor 307) is used as a driving transistor is 
92%. On the other hand, the rate of change when the long 
sized transistor is employed is 84% in Table 2. This is 
because, as can be understood from Tables 1 and 2, and Tables 
3 and 4, the rate of change varies depending on Vs and Vs 
even though L/W is the same and the initial current amount I 
is the same. 
0089. This embodiment mode can be combined freely 
with Embodiment Mode 1. 

Embodiment Mode 4 

0090. In this embodiment mode, the configurations and 
operations of the signal line driving circuit 303, the scan line 
driving circuit 304, will be described with reference to the 
FIG. 5, respectively. 
0091 First, the signal line driving circuit 303 is described 
with reference to the FIG. 5A. The signal line driving circuit 
303 has a shift register 311, a first latch circuit 312 and a 
second latch circuit 313. 
0092. The operation of the signal driving circuit 303 is 
described briefly. The shift register 311 comprises a plurality 
of flip-flop Circuits (FF), and is supplied with a clock signal 
(S-CLK), a start pulse (S-SP), and a clock inversion signal 
(S-CLKb). Sampling pulses are output one by one according 
to the timing of these signals. 
0093. The sampling pulse output from the shift register 
311 is input into the first latch circuit 312. The first latch 
circuit 312 is supplied with digital video signals, which, in 
turn, are retained in each column according to the timing of 
the input of the sampling pulse. 
0094. In the first latch circuit 312, when the columns from 
the first to the last are filled with the retained video signals, a 
latch pulse is input into the second latch circuit 313 during the 
horizontal return line period. The video signals retained in the 
first latch circuit 312 are transferred to the second latch circuit 
313, at the same time. Then, the one line of the video signals 
retained in the second latch circuit 313 is input into the signal 
lines S to S, at the same time. 
0095 While the video signals retained in the second latch 
circuit 313 are being input into the signal lines S to S. 
sampling pulses are again output from the shift register 311. 
The above operation is repeated. 
0096. Next, the scan line driving circuit 304 is described 
with reference to the FIG. 5B. The scan line driving circuit 
304 has a shift register 314 and a buffer 315, respectively. 
Briefly, the shift register 314 outputs sampling pulses one by 
one according to the clock signal (G-CLK), a start pulse 
(G-SP) and a clock inversion signal (G-CLKb). Next, the 
sampling pulses amplified in the buffer 315 are input into the 
Scanline, and the scan line is turned to be a selected State one 
by one in response to the input of the sampling pulse. The 
pixel controlled by the selected scan line is supplied with 
digital video signals from signal lines S to S, in sequence. 
0097. A level shifter circuit may be provided between the 
shift register 314 and the buffer 315. By providing a level 
shifter circuit, the Voltage amplitudes of the logic circuit part 
and the buffer can be altered. 
0098. This embodiment mode can be implemented in con 
junction with embodiment mode 1 and/or 3. 
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Embodiment Mode 5 

0099. In this embodiment mode, a drive method applied to 
the present invention will be briefly described. 
0100. A drive method in the case where a multi-gradation 
image is displayed by using a light emitting device, is broadly 
divided into an analog gradation method and a digital grada 
tion method. Both methods can be applied to the present 
invention. A differential point between both of the methods is 
a method of controlling a light emitting element in respective 
states of light emission and non-light emission of the light 
emitting element. The former analog gradation method is a 
method of controlling the amount of current flowing into the 
light emitting element to obtain gradation. The latter digital 
gradation method is a method of driving the light emitting 
element with only two states of an on state (state in which 
luminance is substantially 100%) and an off state (state in 
which luminance is substantially 0%). 
0101. With respect to the digital gradation method, a com 
bination method of a digital gradation method and an area 
gradation method (hereinafter indicated as an area gradation 
method) and a combination method of a digital gradation 
method and a time gradation method (hereinafter indicated as 
a time gradation method) have been proposed in order to 
represent a multi-gradation image. 
0102 The area gradation method is a method of dividing a 
pixel into a plurality of Sub-pixels and selecting light emis 
sion or non-light emission for the respective Sub-pixels to 
represent gradation according to a difference between a light 
emitting area and the other area inapixel. In addition, the time 
gradation method is a method of controlling a period for 
which a light emitting element emits light to represent gra 
dation as reported in Patent Reference 2. Specifically, a frame 
period is divided into a plurality of sub-frame periods having 
different lengths and light emission or non-light emission of 
the light emitting element is selected for each of the periods to 
represent gradation according to a length of a light emitting 
period during the frame period. 
0103 Both the analog gradation method and the digital 
gradation method can be applied to the light emitting device 
of the present invention. Further, both the area gradation 
method and the time gradation method are applicable. Still 
further, other than the above methods, any known driving 
method can be applied to the light emitting device of the 
present invention. 
0104. On the other hand, when the digital gradation 
method is applied, all the power Source lines in the respective 
pixels may be set to the same potential. Thus, the power 
Source line can be commonly used between adjacent pixels. 
0105. Note that, in a light emitting device for conducting 
multi-color display, a plurality of sub-pixels corresponding to 
respective colors of R, G, and B are provided in a pixel. With 
respect to the respective sub-pixels, because of a difference of 
current densities of respective materials for R, G, and Banda 
difference of transmittance of color filters therefor, there is 
the case where intensities of light emitted therefrom are dif 
ferent even when the same voltage is applied. Therefore, 
when the potential of the power source line is changed for 
each of Sub-pixels corresponding to the respective colors, 
white balance will be improved. 
0106. This embodiment mode can be arbitrarily combined 
with Embodiment modes 1 to 4. 

Embodiment Mode 6 

0107 The description given in this embodiment mode 
with reference to FIGS. 7A and 7B is about an example of 
actual layout of the pixel 301 structured as shown in FIG. 4B. 
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FIG. 7A is a top view of the pixel 301 laid out and FIG. 7B is 
a sectional view taken along the line C-C'. 
0108. In FIG. 7A, reference symbol 306 denotes a switch 
ing transistor, and 307, a driving transistor. Denoted by 5006 
is a pixel electrode and 5007 is a light emission area. In FIG. 
7B, 5011 denotes a substrate, 5012 and 5013, base films, 
5014, a semiconductor. 5015, a gate insulating film, 5016, a 
gate electrode, 5017, a first interlayer insulating film, 5018, a 
wire, 5019, a pixel electrode, 5020, apartition wall, and5021, 
a light emitting layer. 
0109. In FIGS. 7A and 7B, the partition wall 5020 covers 
regions other than the light emission area 5007. The signal 
line S, and the current Supplying line V, can be placed under 
the partition wall 5020. The driving transistor 307 can be 
placed under the Source signal line S, and the current Supply 
ing line V. 
0110. By arranging the elements of the pixel in this way, 
the gate electrode of the driving transistor overlaps a part of 
the power supply line V. Since the electric potential of the 
power supply line V, is fixed, the capacitance between the gate 
electrode of the driving transistor 307 and the power supply 
line V, can be used as a part of the capacitance for holding 
Video signals. 
0111. In contrast to prior art which requires a capacitor 
element to hold Vs of the driving transistor 307, Vs in the 
present invention can be held Sufficiently by the capacitance 
between the gate electrode and channel formation region of 
the driving transistor 307. In short, the driving transistor 307 
of the present invention can double as a capacitor and, in 
addition, fluctuation in characteristic of the driving transistor 
307 itself can be reduced. Also, lowering of the aperture ratio 
can be prevented by placing the driving transistor 307 under 
the partition wall 5020. 
0112 The description given next with reference to FIGS. 
8A and 8B is about an example of actual layout of the pixel 
301 structured as shown in FIG. 4C. FIG. 8A is a top view of 
the pixel laid out and FIG. 8B is a sectional view taken along 
the line C.-O.'. 
0113. In FIG. 8A, reference symbol 306 denotes a switch 
ing transistor, 307, a driving transistor, and 309, an erasing 
transistor. Denoted by 5608 is a pixel electrode and 5609 is a 
light emission area. In FIG. 8B, 56.11 denotes a substrate, 
5612 and 5613, base films, 5614, a semiconductor, 5615, a 
gate insulating film, 5616, a gate electrode, 5617, a first 
interlayer insulating film, 5618, a wire, 5619, a pixel elec 
trode, 5620, a partition wall, and 5621, a light emitting layer. 
0114. In the pixel having three transistors, the opening can 
be simplified by lining up two of the transistors: the switching 
transistor 306 and the erasing transistor 309 as shown in FIG. 
8A. The driving transistor 307 in FIG. 8A meanders in the 
longitudinal direction. This gives the opening a rectangular or 
similar shape and lowering of the aperture ratio is thus 
avoided. 
0115 The shape of the driving transistor is not limited to 
those shown in FIGS. 7A and 8A. The driving transistor may 
have the letter U shape, the letter S shape, a spiral shape, or a 
meander shape. 
0116. The present invention employs a transistor with its 
L/W set to 10 or larger and therefore is characterized in that 
Vs of the driving transistor can be sufficiently held by a 
capacitor between the gate electrode and channel formation 
region of the driving transistor. In other words, a transistor in 
the present invention can double as a capacitor element and 
influence of fluctuation in characteristic of the transistor itself 
is reduced. 
0117. Further, the present invention can be carried out by 
merely designing a driving transistor to have an L/W which is 
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larger than usual and there is no need to add another manu 
facturing step. Therefore the present invention can slow down 
the reduction of the current value without lowering the yield 
in the manufacturing process. 
0118. This embodiment mode can be combined arbitrarily 
with Embodiment Modes 1 to 5. 

Embodiment Mode 7 

0119 Electronic apparatuses to which the present inven 
tion is applied include a video camera, a digital camera, a 
goggles-type display (head mount display), a navigation sys 
tem, a Sound reproduction apparatus (such as a car audio 
apparatus and an audio set), a lap-top computer, a game 
machine, a portable information terminal (Such as a mobile 
computer, a mobile telephone, a portable game machine, and 
an electronic book), an image reproduction apparatus includ 
ing a recording medium (more specifically, an apparatus 
which can reproduce a recording medium Such as a digital 
versatile disc (DVD) and so forth, and include a display for 
displaying the reproduced image), or the like. Specific 
examples thereof are shown in FIG. 6. 
I0120 FIG. 6A illustrates a light emitting device which 
includes a casing 2001, a support table 2002, a display portion 
2003, a speaker portion 2004, a video input terminal 2005 and 
the like. The present invention is applicable to the display 
portion 2003. The light emitting device is of the self-emis 
Sion-type and therefore requires no backlight. Thus, the dis 
play portion thereof can have a thickness thinner than that of 
the liquid crystal display device. The light emitting device is 
including the entire display device for displaying informa 
tion, such as a personal computer, a receiver of TV broadcast 
ing and an advertising display. 
I0121 FIG. 6B illustrates a digital still camera which 
includes a main body 2101, a display portion 2102, an image 
receiving portion 2103, an operation key 2104, an external 
connection port 2105, a shutter 2106, and the like. The present 
invention can be applied to the display portion 2102. 
0.122 FIG. 6C illustrates a lap-top computer which 
includes a main body 2201, a casing 2202, a display portion 
2203, a keyboard 2204, an external connection port 2205, a 
pointing mouse 2206, and the like. The present invention can 
be applied to the display portion 2203. 
I0123 FIG. 6D illustrates a mobile computer which 
includes a main body 2301, a display portion 2302, a switch 
2303, an operation key 2304, an infrared port 2305, and the 
like. The present invention can be applied to the display 
portion 2302. 
0.124 FIG. 6E illustrates a portable image reproduction 
apparatus including a recording medium (more specifically, a 
DVD reproduction apparatus), which includes a main body 
2401, a casing 2402, a display portion A 2403, another dis 
play portion B2404, a recording medium (DVD or the like) 
reading portion 2405, an operation key 2406, a speaker por 
tion 2407 and the like. The display portion A 2403 is used 
mainly for displaying image information, while the display 
portion B2404 is used mainly for displaying character infor 
mation. The present invention can be applied to these display 
portions. A 2403 and B2404. The image reproduction appa 
ratus including a recording medium further includes a game 
machine or the like. 
0.125 FIG. 6F illustrates a goggle type display (head 
mounted display) which includes a main body 2501, a display 
portion 2502, arm portion 2503, and the like. The present 
invention can be applied to the display portion 2502. 
0.126 FIG. 6G illustrates a video camera which includes a 
main body 2601, a display portion 2602, a casing 2603, an 
external connecting port 2604, a remote control receiving 
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portion 2605, an image receiving portion 2606, a battery 
2607, a sound input portion 2608, an operation key 2609, and 
the like. The present invention can be applied to the display 
portion 2602. 
0127 FIG. 6H illustrates a mobile telephone which 
includes a main body 2701, a casing 2702, a display portion 
2703, a sound input portion 2704, a sound output portion 
2705, an operation key 2706, an external connecting port 
2707, an antenna 2708, and the like. The present invention can 
be applied to the display portion 2703. Note that the display 
portion 2703 can reduce power consumption of the mobile 
telephone by displaying white-colored characters on a black 
colored background. 
0128. When the brighter luminance of light emitted from 
the light emitting material becomes available in the future, the 
light emitting device of the present invention will be appli 
cable to a front-type or rear-type projector in which a light 
including output image information is enlarged by means of 
lenses or the like to be projected. 
0129. The aforementioned electronic apparatuses are 
more likely to be used for display information distributed 
through a telecommunication path Such as Internet, a CATV 
(cable television system), and in particular likely to display 
moving picture information. Since the response speed of the 
light emitting materials is very high, the light emitting device 
is preferably used for moving picture display. 
0130. A portion of the light emitting device that is emitting 
light consumes power, so it is desirable to display information 
in such a manner that the light-emitting portion therein 
becomes as Small as possible. Accordingly, when the light 
emitting device is applied to a display portion which mainly 
displays character information, e.g., a display portion of a 
portable information terminal, and more particular, a mobile 
telephone or a sound reproduction device, it is desirable to 
drive the light emitting device so that the character informa 
tion is formed by a light emitting portion while a non-emis 
sion portion corresponds to the background. 
0131. As set forth above, the present invention can be 
applied variously to a wide range of electronic apparatuses in 
all fields. The electronic apparatuses in this embodiment 
mode can be obtained by utilizing a light emitting device 
having a configuration in which the structures in Embodiment 
modes 1 through 6 are freely combined. 
0132) The present invention is characterized in that a volt 
age is applied to a gate electrode of the driving transistor and 
to a drain electrode or source electrode thereof so that the 
driving transistor operates with its IVs set equal to or larger 
than 1 V and equal to or Smaller than Vis-VI. In other 
words, the present invention is characterized in that a Voltage 
is applied to a signal line for inputting a signal to the gate 
electrode of the driving transistor and is applied to a power 
Supply line connected with the Source electrode or drain elec 
trode of the driving transistor to give these lines appropriate 
electric potentials. Further, by operating a driving transistorat 
IVs in the above range, it becomes possible to use the 
driving transistor as a resistor. This makes the value of the 
current flowing between electrodes of a light emitting ele 
ment inversely related to the sum of resistance of the light 
emitting element and resistance of the driving transistor. As a 
result, the reduction with time in current value of the light 
emitting element can be slowed down. Accordingly, lowering 
of light emission luminance with time is reduced and the 
reliability is improved. 
0133. The present invention employs a transistor with its 
L/W set to 10 or larger and therefore is characterized in that 
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IVs of the driving transistor is held by a capacitor between 
the gate electrode and channel formation region of the driving 
transistor. In other words, a transistor in the present invention 
can double as a capacitor element and influence of fluctuation 
in characteristic of the transistor itself is reduced. 

I0134. The present invention can be carried out by merely 
designing a driving transistor to have a channel length which 
is larger than usual and there is no need to add another manu 
facturing step. Therefore the present invention can slow down 
the reduction of the current value without lowering the yield 
in the manufacturing process. 
0.135 The resistance of the light emitting element is 
changed not only with time but also by temperature shift 
because of its nature. To elaborate, the resistance of the light 
emitting element declines when the temperature becomes 
higher than the normal temperature, namely room tempera 
ture, and rises when the temperature becomes lower than 
normal. Since a transistor of the present invention having 
L/W of 10 or more has a gentle inclination of voltage-current 
characteristic, there is no large difference between Vs and 
V, and the current value is gradually increased accompa 
nying a change in Vs. In short, a change in resistance due to 
temperature shift does not cause a light emission Surge, 
thereby preventing degradation of the light emitting element 
and burn-in of a display pattern. 

TABLE 1 

long-sized transistor standard-sized transistor 

L(Lm) 500 5 
W(Lm) 7 7 
IV. (V) 2 2 
IVs (V) 9.7 S.1 
101 (V) 10 S.1 
102(V) O.3 O 
103(V) S.O23 5.014 

104(V) O O 
I(nA) 500 500 
R(MS2) 10 10 

TABLE 2 

long-sized transistor standard-sized transistor 

rate of rate of 
change of change of 

IVDS current current 

(V) I (nA) value (%) |VDS (V) I (nA) value (%) 

10(MS2) 4.997 500 O.O86 500 
12(MS2) 4.387 467 93 O.O71 419 84 
15(MS2) 3.706 419 84 0.057 336 67 

TABLE 3 

transistor transistor transistor 
307 321 322 

L(Lm) 500 250 250 
W(Lm) 7 7 7 
IV. (V) 2 2 2 
IVs (V) 9.1 7 7 
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TABLE 4 

transistor 307 transistor transistor 

rate of change of 321 322 
|VDSI (V) I (nA) current value (%) |VDS (V) |VDS (V) 

10(MS2) 7.1 495 5 5 
15(MS2) 5.2 460 92 3.1 4.5 

What is claimed is: 

1. A method of driving a light emitting device having a light 
emitting element and a driving transistor, the transistor being 
connected to the light emitting element, the transistor having 
a channel width W and a channel length L which satisfy 
L/W10, 

I (nA) 
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transistor 321 + 
transistor 322 

rate of change of 
current value (%) 

98 

wherein a Voltage is applied to a gate electrode of the 
driving transistor and to a drain electrode or source 
electrode thereof so that a gate-source Voltage Vs. 
Source-drain Voltage Vs, and threshold Voltage V, of 
the driving transistor satisfy 1s|VssVis-VI. 

k k k k k 


