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(57) ABSTRACT 

A transistor circuit is provided including a driving transistor 
where conductance between the source and the drain is con 
trolled in response to a Supplied Voltage, and a compensating 
transistor where the gate is connected to one of the source and 
the drain, the compensating transistor being connected so as 
to Supply input signals to the gate of the driving transistor 
through the Source and drain. In a transistor circuit where 
conductance control in a driving transistor is carried out in 
response to the Voltage of input signals, it is possible to 
control the conductance by using input signals of a relatively 
low Voltage and a variance in threshold characteristics of 
driving transistors is compensated. With this transistor cir 
cuit, a display panel that can display picture images with 
reduced uneven brightness is achieved. 
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TRANSISTOR CIRCUIT, DISPLAY PANEL 
AND ELECTRONIC APPARATUS 

0001. This is a Continuation of U.S. patent application Ser. 
No. 1 1/490,239 filed on Jul. 21, 2006, which is a Divisional of 
U.S. patent application Ser. No. 10/384,756, filed on Mar. 11, 
2003, now U.S. Pat. No. 7,173,584, which is a Divisional of 
U.S. patent application Ser. No. 10/067,763 filed Feb. 8, 
2002, now abandoned, which is a Divisional of U.S. patent 
application Ser. No. 09/424,043 filed Nov. 18, 1999, now U.S. 
Pat. No. 6,362,798, which is a National Phase of PCT/JP99/ 
0.1342, which is hereby incorporated by reference in its 
entirety. This application claims priority to Japanese Patent 
Application No. 10-69147 filed Mar. 18, 1998, which is 
hereby incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. This invention relates to the technical field of tran 
sistor circuits including a plurality of transistors such as thin 
film transistors (mentioned as TFT hereafter), field effect 
transistors and bipolar transistors, and particularly relates to 
the technical field of transistor circuits including driving tran 
sistors for controlling driving current, by controlling conduc 
tance between the source and the drain in response to Voltage 
Supplied to the gate, that is Supplied to a driven element Such 
as a current-controlled (current-driven) element through the 
Source and the drain. 
0004 2. Description of Related Art 
0005 Generally, the voltage/current characteristics and 
thresholds of transistors tend to vary, depending on various 
conditions such as the quality and thickness of semiconductor 
films, impurity concentration and diffusion areas, the quality, 
thickness and the like of gate insulating films, operating tem 
perature, and the like. In the case of bipolar transistors con 
sisting of crystal silicon, the variance of thresholds is rela 
tively small, but in the case of TFTs, the variance is usually 
large. Particularly, in the case of TFTs formed in a wide range 
in plurality on a TFTarray Substrate in a display panel Such as 
a liquid crystal panel, an EL panel, and the like, the variance 
in Voltage/current characteristics and thresholds often 
becomes extremely large. For instance, when such TFTs are 
manufactured so as to set the threshold at about 2V (+2V in 
the case of N channel, and -2V in the case of P channel), the 
variance is sometimes about several tV. 
0006. In the case of a voltage-controlled (voltage-driven) 
type transistor for controlling the Voltage of picture elements 
made of liquid crystals or the like, such as a so-called TFT 
liquid crystal panel, the variance in Voltage/current charac 
teristics and thresholds of driving TFTs that are applied to 
each picture element is not likely to be a problem. In other 
words, in this case, even if there is a slight variance in the 
voltage/current characteristics and thresholds of TFTs, con 
trast and brightness of each picture element can be controlled 
at high precision by increasing the precision of the Voltage 
Supplied to each picture element from the outside through the 
TFTs only if there is enough switching time. Therefore, even 
in the case of a TFT liquid crystal panel or the like for display 
wherein contrast and brightness at each picture element are 
regarded as important, high grade picture images or the like 
can be displayed by TFTs with a relatively large variance of 
Voltage/current characteristics and thresholds. 
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0007. On the other hand, display panels have been recently 
developed that include current-controlled light-emitting ele 
ments, such as a selflight-emitting organic ELS to change the 
brightness at picture elements in response to current Supply. 
These display panels have received attention as display pan 
els that can display picture images without back light and 
reflected light, that consume less power, being less dependent 
on the angle of view, and are sometimes flexible. Even in this 
EL panel, a driving TFT is used at each picture element for 
driving an active matrix. For instance, it is constructed so as to 
control (change) the driving current Supplied to an EL ele 
ment from power source wiring connected to a source in 
response to the Voltage of data signals applied to a gate, by 
connecting the drain of a driving TFT to the EL element 
through a hole-injecting electrode. Using a driving TFT as 
mentioned above, driving current flowing to an EL element 
can be controlled by controlling conductance between a 
Source and a drain in response to the Voltage change of input 
signals, so that brightness at each picture element can be 
changed for picture image display and the like. 
0008. However, particularly in the case of the current 
controlled element such as the EL panel mentioned above, the 
variance of Voltage/current characteristics and thresholds 
tends to be a problem in the driving TFT at each picture 
element. In other words, in this case, even if the Voltage 
precision of data signals Supplied to the driving TFTs from 
the outside is enhanced to Some extent, the variance in Volt 
age/current characteristics and thresholds in the driving TFTs 
appears directly as the variance of the driving current Sup 
plied to data signals, thus reducing the precision of the driving 
current. As a result, the brightness at each picture element is 
likely to vary in accordance with the variance in thresholds of 
the driving TFTs. Moreover, especially with current manu 
facturing techniques of low temperature polysilicon TFTs, 
Voltage/current characteristics and thresholds vary consider 
ably. Thus, this problem is, in practicality, extremely serious. 
0009. If each TFT is manufactured so as to reduce the 
variance in Voltage/current characteristics and thresholds in 
consideration of this problem, the yield will decline and, 
particularly in the case of an apparatus with a display panel 
having a plurality of TFTs, the yield will decrease a great 
extent, and thus opposing a general goal of lower costs. Alter 
natively, it is almost impossible to manufacture TFTs that can 
lower such a variance. Moreover, even if a circuit for com 
pensating the variance of Voltage/current characteristics and 
thresholds at each TFT is installed separately, the apparatus 
will be complex and large, and moreover, the consumption of 
electric power will increase. Particularly, in the case of a 
display panel wherein a plurality of TFTs are arranged at high 
density, the yield will decline again or it will be difficult to 
satisfy current demands Such as lower power consumption, 
and miniaturization and lightening of an apparatus. 
0010. This invention is carried out in consideration of the 
above-noted problems, and aims to provide transistor circuits 
for controlling conductance in driving transistors in response 
to the Voltage of input signals, the conductance of which can 
be controlled by relatively small input signals and that can 
compensate for the variance in Voltage/current characteristics 
and thresholds of driving transistors with somewhat smaller 
power consumption by using a relatively small number of 
transistors, and a display panel and an electronic apparatus 
using the same. 
0011. In this invention, the following transistor circuits 
according to the first to tenth aspects are provided. 
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0012 First, according to a first aspect of the invention a 
transistor circuit is characterized in that it includes a driving 
transistor having a first gate, a first Source and a first drain, 
wherein conductance between the first source and first drain 
is controlled in response to the Voltage of input signals Sup 
plied to the first gate, and a compensating transistor having a 
second gate, a second source and a second drain, wherein the 
second gate is connected to one of the second source and 
second drain, and wherein the compensating transistor is 
connected to the first gate in an orientation so as to Supply the 
input signals to the first gate through the second source and 
second drain, and to allow the first gate to move electric 
charge into a direction to lower the conductance. 
0013. According to the above-noted transistor circuit of 
the first aspect of the invention, one of the second source and 
second drain of the compensating transistor is connected to 
the first gate of the driving transistor, and input signals are 
Supplied to the first gate of the driving transistor through this 
second source and second drain. Then, at the driving transis 
tor, the conductance between the first source and first drain is 
controlled in response to the Voltage of input signals Supplied 
to the first gate. Herein, the compensating transistor has the 
second gate connected to the second drain, and is connected 
to the first gate in an orientation to allow the first gate to move 
electric charge into a direction to lower the conductance 
between the first source and first drain. In other words, the 
compensating transistor has diode characteristics and when 
the driving transistoris, for example, an N-channel type tran 
sistor, current can be carried from the first gate into the direc 
tion of an input signal source. Alternatively, when the driving 
transistoris a P-channel type transistor, current can be carried 
from an input signal Source to the direction of the first gate. 
0014. Therefore, as input signals are supplied to the tran 
sistor circuit, the gate Voltage of the first gate, compared with 
the Voltage of input signals at the time of being input to the 
compensating transistor, rises to the side of increasing the 
conductance of the driving transistor only by a threshold level 
of the compensating transistor. As a result, in order to obtain 
preferable conductance in the driving transistor, input signals 
ofa Voltage that is lower only by a threshold (voltage) level of 
the compensating transistor, instead of the gate Voltage cor 
responding to the conductance, can be supplied through the 
compensating transistor. In this way, since the gate Voltage in 
response to input signals can rise only by a threshold (voltage) 
of the compensating transistor, equivalent conductance con 
trol can be carried out by the lower Voltage of input signals 
compared with the case of no compensating transistor. 
0015 These input signals are generally at a high frequency 
relative to other signals, and the consumption of electric 
power can be reduced significantly if lower input signals can 
be used. 
0016. Moreover, setting a gate voltage at the first gate by 
increasing the Voltage of input signals from the compensating 
transistor as mentioned above indicates that, when seen as a 
transistor circuit as a whole, the threshold of input signals 
Supplied to a driving current flowing through a source and a 
drain whose conductance is controlled in the driving transis 
tor is lower than the threshold voltage of the driving transistor 
only by the threshold Voltage of the compensating transistor 
as a Voltage increases from the input Voltage to the gate 
voltage. In other words, within the threshold of input voltage 
Supplied to a driving current, the threshold of the compensat 
ing transistor and the threshold of the driving transistor are 
offset from each other. Therefore, by making the threshold 
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characteristics and the Voltage/current characteristics of both 
transistors similar to each other, it is possible to set the thresh 
old of input signals to driving current to Zero. 
0017 Moreover, by offsetting the threshold of the driving 
transistor and the threshold of the compensating transistor in 
the transistor circuit as a whole as mentioned above, the 
threshold of input signals can be set closer to a constant level 
(Zero) without depending on the level of threshold of the 
driving transistor. In other words, when a plurality of transis 
tor circuits is prepared by using many driving transistors with 
different thresholds, a difference in thresholds between tran 
sistor circuits is Smaller than (or is ideally almost the same as) 
a difference in the thresholds of driving transistors by setting 
the thresholds of the driving transistor and the compensating 
transistorin each transistor circuit close to each other (ideally 
equal to each other). Thus, in preparing a plurality of transis 
tor circuits, a plurality of transistor circuits with almost or 
completely no variance in thresholds can be provided even 
when many driving transistors with many different thresholds 
are used. 
0018. According to a second aspect of the invention, the 
transistor circuit according to the first aspect mentioned 
above is characterized in that it has a resetting means for 
Supplying reset signals, having a Voltage that gives higher 
conductance than the maximum conductance controlled in 
response to the input signals, to a first gate before the input 
signals are Supplied. 
0019. According to the above-noted transistor circuit of 
the second aspect of the invention, before input signals are 
Supplied to the first gate of a driving transistor (or after the 
input signals are Supplied before the next input signals are 
Supplied), reset signals, having a Voltage which gives a higher 
conductance than the maximum conductance of the driving 
transistor controlled in response to input signals, are Supplied 
to this first gate by the resetting means. As a result, the gate 
Voltage of the driving transistor can be set constant without 
depending on the level of voltage of input signals. Moreover, 
it becomes possible to Supply input signals to the first gate 
through the compensating transistor which is connected to the 
first gate in an orientation to permit electric charge to move 
into a direction so as to lower conductance after resetting. 
0020. According to a third aspect of the invention, the 
above-noted transistor circuits according to any of the first 
and second aspects, is characterized in that the reset signals 
are set at a Voltage higher than the maximum Voltage of input 
signals by a threshold Voltage level of the compensating tran 
sistor. 
0021. According to the above-mentioned transistor circuit 
of the third aspect of the invention, reset signals having a 
higher Voltage than input signals are Supplied to the first gate 
of the driving transistor by the resetting means. Moreover, the 
Voltage of these reset signals is set higher than the maximum 
Voltage of the input signals by a threshold Voltage of the 
compensating transistor, so that a Voltage higher than the 
voltage of the input signals by a threshold voltage level of the 
driving transistor canalways be supplied to the first gate of the 
driving transistor through the compensating transistor, with 
out being dependent on the level of voltage of input signals or 
thresholds of the driving transistor, when input signals are 
input after resetting. 
0022. According to a fourth aspect of the invention, the 
transistor circuit according to the second aspect mentioned 
above, is characterized in that it includes a resetting transistor 
wherein the resetting means has a third gate, a third source 
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and a third drain, wherein one of the third source and the third 
drain is connected to the first gate, and wherein the reset 
signals are Supplied to the first gate through the third source 
and third drain after reset timing signals are Supplied to the 
third gate before the Supply of the input signals. 
0023. According to the above-noted transistor circuit of 
the fourth aspect of the invention, when reset timing signals 
are Supplied to the third gate of the resetting transistor, reset 
signals are Supplied to the first gate of the driving transistor 
through the third source and third drain by the resetting tran 
sistor. As a result, the gate Voltage of the driving transistorican 
be reset at a constant by the timing of Supplying reset timing 
signals. Therefore, the operations that are explained for the 
second transistor circuit become possible. 
0024. According to a fifth aspect of the invention, the 
transistor circuit according to any one of the first to the fourth 
aspects mentioned above, is characterized in that the driving 
transistor and the compensating transistor are the same type 
of transistors. 
0025. According to the transistor circuit of the fifth aspect 
of the invention mentioned above, the driving transistor and 
the compensating transistor are the same type of transistors, 
but the “same type' means that the conductive type of tran 
sistors is the same herein. For instance, when the driving 
transistor is an N channel type transistor, the compensating 
transistoris also an N channel type transistor. With the driving 
transistor as a P channel type transistor, the compensating 
transistor is also a p channel type transistor. Therefore, the 
threshold of the compensating transistor and the threshold of 
the driving transistor become almost equal to each other, so 
that these thresholds are offset from each other in the transis 
tor circuit. As a result, it becomes possible to carry out con 
ductance control by setting the threshold of input signals 
Supplied to a driving current to approximately Zero. 
0026. Also, by providing the same transistor channel 
width, design values including a channellength, device struc 
tures, process conditions, and the like to both the driving 
transistor and the compensating transistor, more complete 
compensation becomes possible. 
0027. According to the sixth aspect of the invention, the 
transistor circuit according to any of the above-noted first to 
the fifth aspects, is characterized in that the circuit further 
includes a Switching transistor having a fourth gate, a fourth 
Source and a fourth drain, and wherein the transistor is con 
nected so as to Supply the input signals to the compensating 
transistor through the fourth source and fourth drain when 
Switching timing signals are Supplied to the fourth gate. 
0028. According to the above-noted transistor circuit of 
the sixth aspect, when Switching timing signals are Supplied 
to the fourthgate of the Switching transistor, input signals are 
Supplied to the compensating transistor through the fourth 
Source and fourth drain of the Switching transistor. As a result, 
input signals can be Supplied to the driving transistor by the 
Supply timing of Switching timing signals. 
0029. According to a seventh aspect of the invention, the 
transistor circuit according to any of the above-noted first to 
sixth aspects, is characterized in that it further includes a 
storage capacitor connected to the first gate. 
0030. According to the transistor circuit of the seventh 
aspect, when input signals are Supplied to the first gate, the 
Voltage is held by the storage capacitor connected to the first 
gate. Therefore, even when input signals are Supplied only for 
a fixed period, the voltage at the first gate can be held over a 
longer period than the fixed period. 
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0031. Also, even when there is leakage current in the 
Switching transistor through the compensating transistor, it 
becomes possible to reduce the fluctuation of electric poten 
tial applied to the first gate. 
0032. According to an eighth aspect of the invention, the 
transistor circuit according to any of the above-noted first to 
seventh aspects, is characterized in that the transistors consist 
of thin-film transistors formed on the same Substrate respec 
tively. 
0033 According to the transistor circuit of the eighth 
aspect, the effect of Voltage/current characteristics and 
threshold characteristics of the driving thin-film transistor, 
which is formed on the same Substrate, on a driving current 
can be compensated by the compensating thin-film transistor. 
Particularly, as both thin-film transistors are formed on the 
same Substrate in the same thin-film forming process, the 
characteristics between both transistors become similar, so 
that it becomes possible to provide a plurality of transistor 
circuits with little variance in Voltage/current characteristics 
and threshold characteristics on the same Substrate. 
0034. According to a ninth aspect of the invention, the 
transistor circuit according to any of the above-noted first to 
seventh aspect, is characterized in that the transistors consist 
of bipolar transistors respectively, wherein the gate, Source 
and drain correspond to a base, a collector and an emitter 
respectively. 
0035. According to the transistor circuit of the ninth 
aspect, the effect of Voltage/current characteristics and 
threshold characteristics of the driving bipolar transistor on a 
driving current can be compensated by the compensating 
bipolar transistor. Particularly, as both bipolar transistors are 
manufactured in the same manufacturing process, the degree 
of characteristic similarity between both transistors generally 
increases, so that it becomes possible to provide a plurality of 
transistor circuits with little variance in Voltage/current char 
acteristics and threshold characteristics. 
0036. According to a tenth aspect of the invention, the 
transistor circuit according to any of the above-noted first to 
ninth aspects, is characterized in that the input signals are 
Voltage signals where the Voltage is controlled by an input 
signal Source and that the driving transistor, wherein one of 
the first source and first drain is connected to a current 
controlled element, and electric current flowing to the cur 
rent-controlled element is controlled by controlling the con 
ductance. 
0037 According to the transistor circuit of the tenth aspect 
of the invention, as the Voltage signals where a Voltage is 
controlled by an input signal source are Supplied through the 
compensating transistor as input signals, conductance 
between the first source and first drain is controlled in 
response to the change in Voltage of these voltage signals in 
the driving transistor. As a result, the current-controlled ele 
ment connected to one of the first Source and first drain is 
current-controlled. Thus, it becomes possible to current-drive 
the current-controlled element by the input signals of a rela 
tively low voltage. Moreover, it becomes possible to current 
control a plurality of current-driven elements with good pre 
cision in response to Voltage signals without being dependent 
on the variance in Voltage/current characteristics and thresh 
olds between a plurality of driving transistors. 
0038 According to this invention, a display panel is pro 
vided which is characterized in that it includes the above 
noted tenth transistor circuit of this invention respectively and 
has a plurality of picture elements arranged in a matrix, and 
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that current-controlled light-emitting elements are provided 
respectively to the plurality of picture elements as the current 
controlled elements. 
0039. According to the display panel, as input signals are 
provided through the compensating transistor at each picture 
element, the current-controlled light-emitting elements are 
current-controlled in response to the Voltage of these input 
signals by the driving transistor, so that the brightness of the 
current-controlled light-emitting elements can be controlled 
with good precision without being dependent on the variance 
in Voltage/current characteristics and threshold characteris 
tics among the driving transistors, and that the unevenness of 
brightness can be reduced over the entire screen display area 
of the display panel. Moreover, by increasing the gate Voltage 
of the driving transistor with the compensating transistor, the 
current-controlled light-emitting elements can be controlled 
by the input signals of a relatively low Voltage. 
0040. According to this invention, an electronic apparatus 
having the above-noted display panel is provided. 
0041 According to Such an electronic apparatus, since it 
has the above-described display panel, an electronic device 
can be realized that has little unevenness in brightness over 
the entire Surface of the display panel and can be driven at a 
relatively low voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0042 FIG. 1 is a circuit diagram in one embodiment of a 
transistor circuit of the invention. 
0043 FIG. 2 (A) is a timing chart of various signals in a 
transistor circuit using p-channel transistors, and FIG. 2 (B) is 
a timing chart of various signals in a modified embodiment of 
the transistor circuit using n-channel transistors. 
0044 FIG. 3 (A) is a characteristic diagram showing the 
threshold characteristics in a comparative example having a 
driving TFT, and FIG.3 (B) is a characteristic diagram show 
ing the threshold characteristics in the embodiment having a 
compensating TFT and a driving TFT. 
0045 FIG. 4 is a characteristic diagram showing various 
cases of the fluctuation in driving current Id in response to the 
variance AVth of thresholds. 
0046 FIG. 5 (A) is a timing chart showing dropping volt 
age operations by a compensating TFT when the reset signal 
Vrsig is set at 5V in the embodiment, and FIG. 5 (B) is a 
timing chart showing dropping Voltage operations by the 
compensating TFT when the reset signal Virsig is set at OV. 
0047 FIG. 6 is a circuit diagram in another embodiment of 
a transistor circuit of the invention. 
0048 FIG. 7 is a planar view showing an entire structure in 
one embodiment of a display panel of the invention. 
0049 FIG. 8 is a planar view of one picture element of the 
display panel of FIG. 7. 
0050 FIG. 9 (A) is a cross-sectional view taken on line 
A-A of FIG. 8: FIG. 9 (B) is a cross-sectional view taken on 
line B-B'; and FIG. 9 (C) is a cross-sectional view taken on 
line C-C". 
0051 FIG.10 is a circuit diagram of four adjoining picture 
elements in the display panel of FIG. 7. 
0052 FIG. 11 is a block diagram showing a schematic 
structure in one embodiment of an electronic apparatus of this 
invention. 

0053 FIG. 12 is a front view of a personal computer as an 
example of an electronic apparatus. 
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0054 FIG. 13 is a perspective diagram showing a liquid 
crystal device using a TCP as another example of an elec 
tronic apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0055. The operation of this invention and other benefits 
will be made clear by the embodiments explained below. The 
embodiments of this invention will be explained below with 
reference to the drawings. 

(Transistor Circuit) 
0056 First, the embodiment of a transistor circuit of this 
invention is explained with reference to FIG. 1 and FIGS. 2 
(A)-2 (B). FIG. 1 is a circuit diagram of a transistor circuit in 
the embodiment, and FIG. 2 (A) and FIG. 2 (B) are timing 
charts showing the timing and Voltage of various signals in the 
transistor circuit respectively. 
0057. In FIG. 1, a transistor circuit 100 may consist of a 
driving TFT 110 (P channel type), a compensating TFT 120 
(P channel type), a resetting TFT 130 (N channel type) and a 
switching TFT 140 (N channel type). The structure of each 
transistor will be sequentially explained below. 
0.058 First, the driving TFT 110, as an example of driving 
transistors, is constructed so as to control conductance 
between a source 112 and a drain 113 in response to a gate 
Voltage Vg applied to a gate 111 based on input signals 
supplied through the Switching TFT 140 and the compensat 
ing TFT 120. 
0059. The compensating TFT 120, as an example of com 
pensating transistors, has its gate 121 connected to one of a 
source 122 and a drain 123 (drain 123 in the case of FIG. 1). 
In other words, the compensating TFT 120 is so-called diode 
connected. Moreover, the compensating transistor 120 is con 
nected to the gate 111 in an orientation so as to Supply input 
signals to the gate 111 through the source 122 and the drain 
123 and to allow the gate 111 to move electric charge into a 
direction to lower conductance (the side of drain 123 in FIG. 
1). 
0060. The resetting TFT 130, an example of resetting 
devices, has one of a source 132 and a drain 133 (drain 133 in 
FIG. 1) connected to the gate 111, and reset signals at Voltage 
Vrsig (called reset signals Virsig hereafter) are Supplied to the 
gate 111 through the source 132 and the drain 133 when reset 
scanning signals at Voltage VrScan (called reset scanning 
signals VrScan hereafter) are Supplied to the gate 131 as an 
example of reset timing signals before the Supply of input 
signals Vsig. 
0061 Also, the switching TFT 140, an example of switch 
ing transistors, is connected between an input signal source 
and the compensating TFT 120 so as to Supply input signals at 
Voltage Visig (called input signals Visig hereafter) to the com 
pensating TFT 120 through a source 142 and a drain 143 
when Scanning signals at Voltage Vscan (called scanning 
signals Vscan hereafter) are Supplied to the gate 141 as an 
example of Switching timing signals. 
0062 Moreover, one terminal of a current-controlled (cur 
rent-driven) element 500 such as an EL element is connected 
to the source 112 of the driving transistor 110, and negative 
power source -Vc with a predetermined electric potential is 
connected to another terminal of this current-controlled ele 
ment 500. In addition, positive power source +Vc with a 
predetermined electric potential is connected to the drain 113 
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of the driving transistor 110. Therefore, when conductance 
between the source 112 and the drain 113 is controlled at the 
driving transistor 110, driving current Idflowing through the 
current-controlled element 500 is controlled (in other words, 
driving current Id varies in response to conductance fluctua 
tion). 
0063. Furthermore, a storage capacitor 160 is connected to 
the gate 111 of the driving transistor 110. As a result, the once 
applied gate Voltage Vg is held by the storage capacitor 160. 
0064. Then, the operation of the transistor circuit 100 con 
structed as above is explained with reference to FIG. 1 along 
with FIGS. 2 (A)-3. 
0065. As shown in FIG. 2 (A) (this figure shows that a P 
channel type TFT is applied to both the driving TFT 110 and 
the compensating TFT 120), the resetting TFT 130 will be in 
conductance when reset Scanning signals VrScan are input to 
the resetting TFT 130; and resetting signals Virsig are then 
supplied to the gate 111 of the driving TFT 110, so that the 
gate Voltage Vg of the gate 111 becomes almost the same as 
the Voltage Virsig of these reset signals Virsig. As a result, 
without being dependent on the level of voltage of input 
signals Visig, the gate voltage Vg of the driving TFT 110 can 
be reset at a fixed voltage (in other words, voltage Virsig) by 
the Supply timing of reset Scanning signals Virsig. 
0.066 Then, as Scanning signals Vscan are Supplied to the 
switching TFT 140 after this resetting period, the switching 
TFT 140 will be in conductance and the driving signals Vsig 
are supplied to the gate 111 of the driving TFT 110 through 
the compensating TFT 120. In this embodiment, the gate 121 
is connected (in other words, diode-connected) to the drain 
123 particularly in the compensating TFT 120 herein, so that 
gate voltage Vg in the driving TFT 110, the P channel type 
TFT that will be in conductance by the application of negative 
Voltage to the gate 111, is made lower than the Voltage Visig of 
data signals Visig to the negative Voltage side only by a thresh 
old voltage V th2 level of the compensating TFT 120. Then, 
the gate voltage Vg lowered as mentioned above will be held 
in a driving period by the storage capacitor 160 even after the 
Supply of scanning signals Vscan and input signals Visig is 
stopped. 
0067. In addition, the period in which gate voltage Vg 
becomes the Voltage Virsig of reset signals Virsig is sufficient 
for the resetting period. Thus, the driving period can be set 
much longer than the resetting period, so that even if the 
driving TFT 110 is in conductance by resetting signals Vrsig 
in the resetting period, the effect on the driving current Id 
flowing through the source 112 and the drain 113 of the 
driving TFT 110 in this period can be minimized to a negli 
gible degree. 
0068. As described above, according to this embodiment, 
gate Voltage Vg relative to input signals Visig can rise only by 
a threshold voltage V th2 level of the compensating TFT 120, 
so that it becomes possible to carry out the same conductance 
control in the driving TFT 110 by using a lower input signal 
Voltage Visig compared with the case with no compensating 
TFT 120. 

0069. Also, FIG. 2 (B) is a timing chart where an N chan 
nel type TFT is applied to both the driving TFT 110 and the 
compensating TFT 120. In this case, the gate Voltage Vg at the 
driving TFT 110, the N channel type TFT that will be in 
conductance by the application of positive Voltage to the gate 
111, is made higher than the Voltage Visig of input signals Vsig 
to the positive voltage side only by a threshold Vth2 level of 
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the compensating TFT 120 after being set at the voltage Virsig 
of reset signals Virsig during resetting. 
0070 If input signals Visig are directly input to the driving 
TFT 110 without going through the compensating TFT 120, 
in other words, when the Voltage Visig of input signals Visig is 
the same as the gate Voltage Vg, the driving current Id is 
boosted from a threshold voltage Vth 1 of the driving TFT 110 
as shown in FIG.3 (A) (in this case, the driving TFT 110 is an 
N channel TFT). For example, if the design standard value of 
this threshold voltage Vth 1 is 2V, a variance in thresholds will 
be about several +V. Then, a variance in threshold voltage 
Vth1 in the driving TFT 110 will appear directly as a variance 
in driving current Id. 
0071. On the contrary, in this embodiment, since input 
signals Visig are input to the driving TFT 110 through the 
compensating TFT 120, in other words, when the voltage 
Visig of input signals Visig is boosted only by the threshold 
voltage V th2 level of the compensating TFT 120 to become 
gate Voltage Vg, the threshold Voltage V th2 of the compen 
sating TFT 120 and the threshold voltage Vth 1 of the driving 
TFT 110 are offset as shown in FIG. 3 (B) (in this case, both 
the driving TFT 110 and the compensating TFT 120 are N 
channels TFTS) and the threshold voltage Vth of the input 
signals Visig to the entire transistor circuit 100 then becomes 
approximately zero. Moreover, particularly when both 
threshold voltages Vth 1 and Vth2 are nearly the same, this 
threshold voltage Vth becomes approximately zero. Thus, 
equalizing threshold voltage Vth 1 to Vth2 can be relatively 
easily carried out e.g., by applying the same conductive type 
TFT to the driving TFT 110 and the compensating TFT 120 in 
an adjoining position on the same semiconductor Substrate. 
0072. As constructed above, in both TFTs, the thickness of 
thin gate insulating films, semiconductor films, and the like, 
the planar shapes of each component such as a channellength, 
impurity concentration in regions for forming channels, 
Source regions and drain regions, temperature during opera 
tion and the like can easily become the same, so that the 
threshold voltage Vth 1 and Vth2 of both TFTs can be com 
pletely or almost completely equalized. In addition, in mak 
ing threshold characteristics similar, it is better to make chan 
nel lengths the same, but channel widths do not have to be the 
SaC. 

0073. Thus, according to this embodiment, by setting the 
threshold characteristics and Voltage/current characteristics 
of the driving TFT 110 and the compensating TFT 120 close 
to each other (ideally the same), it is possible to set the 
threshold voltage Vth of input signals Visig supplied to the 
driving current Id to approximately Zero (ideally equal to 
Zero). 
(0074) Moreover, as seen from FIG.3 (A) and FIG.3 (B), in 
manufacturing a plurality of transistor circuits 100, even if 
threshold voltage V th1 at each driving TFT 110 varies from 
each other, the threshold voltage Vth of each transistor circuit 
100 is approximately Zero by the operation of each compen 
sating TFT 120 without being dependent on the level of this 
threshold voltage Vth 1. In other words, a plurality of transis 
tor circuits 100 with a constant threshold voltage Vth can be 
manufactured. This is particularly useful for a display panel 
and the like where a variance in threshold voltage Vth among 
a plurality of transistor circuits 100 is a problem as described 
below. Also, it is much easier to equalize the threshold Voltage 
Vth 1 of the driving TFT 110 and the threshold voltageVth2 of 
the compensating TFT 120 that are a mutually adjoining pair 
at each transistor circuit 100 than to equalize the threshold 
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voltage Vth 1 of two driving TFTs 110 that are separately 
arranged with a gap therebetween, so that it is possible to say 
that the structure of compensating threshold voltage Vth 1 in 
each transistor circuit 100 by the compensating TFT 120 is 
extremely effective, so as to reduce a variance in threshold 
voltage Vth among a plurality of transistor circuits 100 from 
each other. 
0075. As described above, according to this embodiment, 
even if a plurality of driving TFTs 110 with different thresh 
old voltage Vth 1 from a threshold voltage (for example, 2.5V) 
as a design standard level is used in preparing a plurality of 
transistor circuits 100, it becomes possible to provide a plu 
rality of circuits 100 with little or no variance in threshold 
voltage Vith. Therefore, the requirements for TFTs regarding 
Voltage/current characteristics are made easy, and it becomes 
possible to improve yields and lower manufacturing costs. 
0076. In addition, as seen from FIG. 3 (A) and FIG.3 (B), 
by equalizing threshold voltages V th1 and Vth2, the first 
effect where conductance control at each driving TFT 110 can 
be carried out by using a higher gate Voltage Vg than the 
Voltage Visig of input signals Visig and the second effect where 
a variance in threshold Voltage Vth among a plurality of 
transistor circuits 100 are clearly achieved. However, even 
without completely equalizing the threshold voltage Vth 1 of 
the driving TFT 110 and the threshold voltage Vth2 of the 
compensating TFT 120 in each transistor circuit 100, both 
threshold voltages characteristically will offset each other, so 
that these first and second effects are achieved to some degree, 
based on the similarity of both threshold voltages. 
0077. In this embodiment, particularly, it is constructed so 
as to Supply reset signals Virsig having a Voltage in response to 
a higher conductance than the maximum conductance con 
trolled in response to input signals Visig to the gate 111. 
Therefore, it becomes possible to Supply input signals Visig to 
the gate 111 through the compensating TFT 120 that is con 
nected to the gate 111 in an orientation, to permit electric 
charge to move into a direction so as to lower this conduc 
tance after resetting, without being dependent on the level of 
Voltage Visig of input signals Vsig. Also, in this embodiment, 
reset signals Virsig are set at a higher Voltage than the maxi 
mum Voltage of input signals Visig by the threshold Voltage 
Vth2 level of the compensating TFT 120. Therefore, when 
input signals Visig are input after resetting, a Voltage higher 
than the Voltage Visig of input signals Visig only by the thresh 
old voltage V th2 level of the compensating TFT 120 can 
always be supplied to the gate 111 without being dependent 
on the level of the Voltage Visig of input signals Visig and the 
threshold voltage V th2 of the compensating TFT 120. 
0078 Moreover, when the inversion of input signals Vsig 

is carried out as frequently applied in conventional liquid 
crystal display elements, it is desirable that the above-noted 
reset signal Visig relations are achieved in all input signals 
Visig, including inverse input signals. 
007.9 The effects of these reset signals Virsig by voltage 
setting are examined with reference to FIGS. 4-5(B). Herein, 
FIG. 4 respectively shows the fluctuation in driving current 
relative to a variance AVth in threshold voltage from a design 
standard level that is, for instance, -2.5V (1) when input 
signals Visig are supplied directly to the driving TFT 110 
without the compensating TFT 120 (characteristic curve C1), 
(2) when input signals Visig are supplied to the driving TFT 
110 through the compensating TFT 120 at 5V of reset signal 
Vrsig (characteristic curve C2), and (3) when input signals 
Visig are supplied to the driving TFT 110 through the com 
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pensating TFT 120 with reset signal Virsig at OV (character 
istic curve C3). Also, FIG. 5 (A) shows the fluctuation range 
of the gate Voltage Vg corresponding to the characteristic 
curve C2, and FIG. 5 (B) shows the fluctuation range of the 
gate Voltage Vg corresponding to the characteristic curve C3. 
In addition, herein, Visig is 7.5V: +Vc is 10V; and -Vc is 5V. 
0080. In FIG.4, as indicated with the characteristic curve 
C1, the variance AVth in threshold voltage clearly appears 
directly as the variance in driving current Id in the case of 
having no compensating TFT 120. 
0081. As illustrated with the characteristic curve C2, when 
the compensating TFT is used at 5V of reset signal Virsig, the 
variance AVth in threshold Voltage is significantly compen 
sated on the plus side, but appears as the variance in driving 
current Id at the minus side. This is because, as shown in FIG. 
5 (A), on the minus side, the gate Voltage Vg cannot be made 
lower (or compensated) than the input signals Visig by the 
threshold voltage V th2 level to the negative voltage side, 
when the input signals Visig are input after resetting. This is 
because the compensating TFT 120 acting as a diode can 
make the gate Voltage Vg closer to the input signals Visig from 
the reset signals Virsig, but cannot do the opposite. 
0082 Also, as shown with the characteristic curve C3, 
when the compensating TFT is used with OV of reset signal 
Vrsig, the variance AVth of threshold voltage hardly appears 
as the variance in driving current Id. This is because, as shown 
in FIG. 5 (B), the gate voltage Vg can be made lower (or 
compensated) than the input signals Visig only by threshold 
voltage Vth level to the negative voltage side, when the input 
signals Visig are input after resetting. Moreover, if Visig 7.5V 
applied herein is considered as the minimum electric poten 
tial of input signals Visig, the above-noted examination is 
realized to make Sure that all Visig can be compensated. 
0083. As described above, in this embodiment, without 
being dependent on the level of input Voltage Visig and thresh 
old Vth2 of the compensating TFT 110, a voltage Vg that is 
lower than the Voltage of the input signals Visig only by the 
threshold voltage V th2 level of the compensating TFT 120 
can be applied to the gate 111 of the driving TFT 110. 
I0084. In addition, in FIG. 2 (A) and FIG. 2 (B), the gate 
Voltage Vg is held by the storage capacitor capacity 160 
during the driving period. Therefore, by the storage capacitor 
160, a variance in holding characteristics of the gate Voltage 
Vg among a plurality of transistor circuits 100 can be also 
reduced (compensated). 
I0085. As explained with reference to FIG. 1 to FIG. 5B, 
according to the transistor circuit 100 of this embodiment, the 
current-controlled element 500 such as an EL element can be 
current-driven by input signals Visig at a relatively low Volt 
age; and moreover, without being dependent on a variance in 
Voltage/current characteristics and threshold characteristics 
among a plurality of driving TFTs 110, a plurality of current 
controlled elements 500 can be current-controlled with good 
precision in accordance with the Voltage of input signals Vsig. 
I0086 Moreover, the example shown in FIG. 1 is con 
structed with the mixture of a P channel type TFT and an N 
channel type TFT, however, every TFT can be N channel type 
TFTs or all TFTs can be P channel type TFTs. However, in 
consideration that the Voltage/current characteristics and 
threshold characteristics of the driving TFTs 110 are com 
pensated by the compensating TFT 120, it is advantageous to 
construct these driving TFTs 110 and compensating TFTs 
120 by the same process as the same type TFTs. Particularly, 
if both TFTs are formed in the same film forming process, the 
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degree of characteristic similarities between both TFTs gen 
erally increases, so that it becomes possible to provide the 
transistor circuit 100 on the same substrate with little or no 
variance in Voltage/current characteristics and threshold char 
acteristics. On the other hand, the resetting TFT 130 and the 
switching TFT 140 can be either a P channel type TFT or an 
N channel type TFT without being dependent on whether the 
driving TFT 110 is a P channel type TFT or N channel type 
TFT. However, it is often advantageous in manufacturing 
when all TFTs are of the same type. 
I0087 Also, each type of TFTs 110-140 in this embodi 
ment may be any type of field effect transistor (FET) such as 
joining type, parallel/serial connection type, and the like. 
0088. Furthermore, as shown in FIG. 6, the above-noted 
transistor circuit may consist of bipolar transistors. In this 
case, by corresponding the above-mentioned gate, Source and 
drain to a base, an emitter and a collector respectively, a 
driving transistor 110' is constructed from a bipolar transistor, 
and at the same time, a compensating transistor 120' is con 
structed from a bipolar transistor, thus providing a transistor 
circuit 100'. Generally, in the case of bipolar transistors, the 
variance in threshold voltage with e.g., 0.7V as a center is 
smaller than that of TFTs, however, even if constructed as 
above, the effect of variance in voltage/current characteristics 
and threshold characteristics in the driving transistor 110' on 
the driving current Id can be compensated by the compensat 
ing transistor 120". Furthermore, driving can be carried out by 
the driving transistor 110' at a relatively low voltage. Particu 
larly, when the driving transistor 110' and the compensating 
transistor 120' are manufactured in the same manufacturing 
process, the degree of characteristic similarities between both 
transistors generally increases, so that it becomes possible to 
provide a plurality of transistor circuits 100' with little or 
reduced variance in Voltage/current characteristics and 
threshold characteristics. 
0089. As the current-controlled element 500 in the 
embodiment mentioned above, various elements including 
current-controlled light-emitting elements such as an organic 
EL element and an inorganic EL element, a current-con 
trolled heat transfer element, and the like, are included. 

(Display Panel) 
0090 The embodiments of a display panel of this inven 
tion is explained with reference to FIG.7 to FIG. 10. FIG. 7 is 
a block diagram showing the entire structure of a display 
panel; FIG. 8 is a planar view of one picture element in the 
display panel: FIG. 9 (A), FIG. 9 (B) and FIG. 9 (C) are 
respectively a cross-sectional view on line A-A', a cross 
sectional view online B-B' and a cross sectional view online 
C-C thereof; and FIG. 10 is a circuit diagram of four picture 
elements adjoining each other. 
0091. The display panel in this embodiment includes the 
above-noted transistor circuits of this invention, respectively, 
and a plurality of picture elements arranged in a matrix; and at 
the plurality of picture elements, EL elements 50 are arranged 
respectively as an example of current-controlled light-emit 
ting elements. 
0092. As shown in FIG. 7, a display panel 200 has a TFT 
array Substrate 1, a plurality of data lines 11 extending in the 
Y direction and arranged in the X direction in a picture dis 
play area wherein a plurality of picture elements 2 are 
arranged in a matrix on the TFT array Substrate, a plurality of 
scanning lines 12 extending respectively in the X direction 
and arranged in the Y direction, and a plurality of common 
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electric wires 13 arranged in parallel to the plurality of data 
lines 11. The display panel 1 further has a data line driving 
circuit 21 around the picture display area for Supplying data 
signals to each data line 11, a pair of scanning line driving 
circuits 22 for Supplying Scanning signals to each scanning 
line 12, and an inspecting circuit 23 for inspecting conduc 
tance failure, insulation failure, defects of elements, and the 
like in each picture element 2. In addition, in this embodi 
ment, each driving circuit is formed on the TFT array sub 
strate 1 along with a picture element 2 in the same process, but 
it can be a circuit that is not formed on the TFTarray substrate 
1 or may be formed in a different process from the picture 
element 2. 

0093. As shown in FIG. 8, at each picture element 2, the 
driving TFT 110, the compensating TFT 120, the resetting 
TFT 130, the switching TFT 140 and the storage capacitor 
160 that are explained above with reference to FIG. 1 to FIG. 
6 are arranged. Moreover, a scanning line 12b in a previous 
stage becomes the wiring for reset scanning signals VrScan in 
FIG. 1; a scanning line 12a in this stage becomes the wiring 
for Scanning signals Vscan and for reset signals Virsig in FIG. 
1; and a data line 11a in this stage becomes the wiring for 
input signals Visig (data signals) in FIG. 1. Furthermore, the 
common electric wire 13 is connected to a positive power 
source +V; an EL element 50 is connected between the driv 
ing TFT 110 and a counter electrode to be mentioned later; 
and the counter electrode is connected to a negative power 
Supply -V. 
0094. As shown in FIG.9 (A), the switching TFT 140, the 
compensating TFT 120 and the storage capacitor 160, along 
an A-A cross section in FIG. 8, consist of a semiconductor 
film (polysilicon film) 4 on the TFT array substrate 1, a gate 
insulating film 5 consisting of a silicon oxide film or a silicon 
nitride film, a Ta (tantalum) film 6, a first interlayer insulating 
film 7 consisting of a silicon oxide film or a silicon nitride 
film, and an Al film 8. In addition, instead of the Ta film for 
forming gate electrodes, a low-resistance polysilicon film 
may be formed. 
(0095 More specifically, the switching TFT 140 is a top 
gate type TFT having a gate 141 made of the polysilicon film 
6, and is formed as an N channel type TFT having a semicon 
ductor layer 4 countering the gate 141 through the gate insu 
lating film 5 as a channel forming area and having a source 
142 and a drain 143 that are doped at high concentration in the 
in type on both sides of the area. Also, the source 142 is 
connected to a data line 11a made of an Al film 8 through 
contact holes formed in the gate insulating film 5 and the first 
interlayer insulating film 7. Moreover, the drain 143 is con 
nected to the compensating TFT 120 through contact holes 
formed in the gate insulating film 5 and the first interlayer 
insulating film 7 as well as the Al film 8. 
0096. The compensating TFT 120 is a top gate type TFT 
having a gate 121 made of a Ta film 6, and is formed as a P 
channel type TFT having a semiconductor film 4 countering 
the gate 121 through the gate insulating film 5 as a channel 
forming area and having a source 122 and a drain 123 that are 
doped at high concentration in the p type on both sides of the 
area. Also, the TFT is connected to the switching TFT 140, the 
storage capacitor 160 and the gate 111 of the driving TFT 110 
through the contact holes formed in the gate insulating film 5 
and the first interlayer insulating film 7 and the Al film 8. 
0097. In addition, the storage capacitor 160, so as to have 
a double capacitor structure, is formed in that the semicon 
ductor film 4, the Ta film 6 and the Al film 8 are counter 
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arranged with the gate insulating film 5 and the first interlayer 
insulating film 7 respectively therebetween. Also, the semi 
conductor film 4 constituting a storage capacitor is connected 
to the Al film 8 through the contact holes formed in the gate 
insulating film 5 and the first interlayer insulating film 7; and 
the Ta film 6 constituting a storage capacitor is connected to 
the A1 film 8 through the contact holes formed in the first 
interlayer insulating film 7. 
0098. As shown in FIG.9(B), the resetting TFT 130, along 
a B-B' cross section in FIG. 8, consists of a semiconductor 
film 4, a gate insulating film 5, a Ta film 6, a first interlayer 
insulating film 7 and an Al film 8 on a TFT array substrate 1. 
0099 More specifically, the resetting TFT 130 is atop gate 
type TFT having a gate 131 made of a Tafilm 6, and is formed 
as an N channel type TFT having a semiconductor layer 4 
facing the gate 131 through the gate insulating film 5 as a 
channel forming area and having a source 132 and a drain 133 
that are doped at high concentration in then type on both sides 
of the area. Also, the source 132 and the drain 133 are con 
nected respectively to a scanning line 12a in this stage made 
ofa Tafilm 6 and the gate 111 of the driving TFT 110 through 
the contact holes formed in the gate insulating film 5, the first 
interlayer insulating film 7 and the Al film 8. 
0100 Moreover, as shown in FIG. 9 (C), the driving TFT 
110, along a C-C cross section in FIG. 8, consists of a semi 
conductor film 4, a gate insulating film 5, a Ta film 6, a first 
interlayer insulating film 7 and an Al film 8 on a TFT array 
Substrate 1. Also, on a second interlayer insulating film 9, an 
ITO film 51 is formed that is connected to the drain 113 of the 
driving TFT 110 through contact holes and the Al film 8, and 
an EL element 50 is formed thereon. On the other hand, the 
source 112 of the driving TFT 110 is connected to a common 
electric wire 13 made of the A1 film 8 through contact holes. 
Also, EL elements 50 at adjoining picture elements 2 are 
separated from each other by electrically insulating banks 52. 
Preferably, the banks have a shielding property. The banks 52 
are made of for instance, a shielding resist, and the bank 52 
may be provided even at a peripheral parting area Surrounding 
the picture display area of the display panel 200. In addition, 
on the EL element 50, a counter electrode (top electrode) 56 
is arranged that is made of a low-resistance metal Such as Al 
or ITO, and the like. 
0101. As shown in FIG. 10, the display panel 200 particu 
larly has a structure wherein positive power source +V is 
supplied to both picture elements 2 which are mutually 
adjoining in the X direction by the common electric wire 13; 
and compared with the case wherein power source wiring for 
Supplying positive power source +V is simply provided for 
each of picture elements 2, the number of power source wir 
ing is about /2. Moreover, having a structure wherein reset 
scanning signals VrScan input to the gate 131 of the resetting 
TFT 130 are supplied by a scanning line 12b in the previous 
stage and reset signals Vrsig input to the resetting TFT 130 are 
Supplied by a scanning line 12b in the current stage, the 
number of signal wiring is reduced compared with the case 
wherein wiring only for reset scanning signals VrScan and 
wiring only for reset signals Virsig are provided. Therefore, 
without increasing the number of power Source wiring and 
signal wiring, a space for the compensating TFT 120 and the 
resetting TFT 130 that is not provided in conventional display 
panels can be kept. There is no doubt that the ideas of this 
invention are applicable to the ones, different from this 
embodiment, wherein patterns are made the same for each 
picture element by providing a common electric wire per 
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picture element or wherein wiring only for reset scanning 
signals VrScan and wiring only for reset signals Virsig are 
provided. 
0102. In addition, in the case of the display panel 200 
wherein the EL elements 50 are used as current-driven light 
emitting elements as in this embodiment, unlike liquid crystal 
panels, and the like, the panel emits its own light in response 
to the increase in electric current Supplied to the light-emit 
ting elements without increasing the entire area of picture 
elements, so that brightness necessary for picture image dis 
play can be obtained. Thus, as in this embodiment, it is 
possible to maintain a space for forming various TFTs in a 
picture element 2 by saving a wiring area, or a space for 
forming various TFTs in a picture element 2 may be kept by 
reducing the size of each EL element 50. 
0103) Next, the operation of the display panel 200 of this 
embodiment is explained with reference to FIG. 7 and FIG. 
10. 
0104. When scanning signals Vscan are Supplied to a scan 
ning line 12b in a previous stage from a scanning line driving 
circuit 22, they are input to the gate 131 of the resetting TFT 
130 in the current stage as reset scanning signals VrScan in the 
current stage. At the same time, reset signals Virsig are Sup 
plied from the scanning line driving circuit 22 to a scanning 
line 12a in the current stage, and the gate Voltage Vg of the 
driving TFT 110 in the current stage becomes the electric 
potential of reset signals Virsig (see FIG. 2 (A)). At this time, 
the reset signals Virsig may be the same as the OFF-state 
electric potential of scanning signals Vscan. When the scan 
ning signals Vscan are continuously Supplied from the scan 
ning line driving circuit 22 to the scanning line 12a in the 
current stage, they are then input to the gate 141 of the 
switching TFT 140 in the current stage. At the same time, 
input signals Visig (data signals) are Supplied from a data line 
driving circuit 21 to a data line 11a in the current stage, and 
this voltage Visig is dropped only by a threshold voltage V th2 
of the compensating TFT 120 through the switching TFT 140 
and the compensating TFT 120, and is then Supplied as a gate 
voltage Vg to the gate 111 of the driving TFT 110 in the 
current stage (see FIG. 2 (A)). As a result, in response to this 
dropped gate Voltage Vg, conductance between the source 
112 and the drain 113 of the driving TFT 110 is controlled 
between positive power Source +V and negative power source 
-V. The driving current Id flowing to the EL element 50 is 
then controlled. 

0105. Therefore, a variance in threshold voltage Vth 1 of 
the driving TFT 110 at each picture element 2 is compensated 
by a threshold Vth2 of the compensating TFT 120, and the 
variance in thresholds of data signals Visig in response to the 
driving current Id among a plurality of picture elements 2 is 
almost gone, so that even picture images are displayed with 
even brightness over the entire picture display area of the 
display panel 200. It is also possible to control the driving 
current Id with data signals Visig having a relatively small 
Voltage due to the dropping Voltage operation of the compen 
sating TFT 120. 
0106. In the above-noted embodiment, the gate voltage Vg 

is reset by the resetting TFT 130 before input signals Visig are 
Supplied, however, for instance, in the display period of a 
static picture, the control of driving current Id can be carried 
out over a plurality of frames by the same input signals Visig, 
so that it is unnecessary to carry out resetting operations for 
each scanning. Also, instead of these electrically reset signals 
Vrsig, the gate Voltage Vg may be reset (to be a predetermined 
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reset voltage) by light irradiation. Furthermore, instead of the 
resetting TFT 130, reset signals Virsig may be supplied 
through the switching TFT 140 and the compensating TFT 
120. On the other hand, of course, the switching TFT 140 and 
Switching operations will be unnecessary if Switching such as 
active matrix driving is not carried out. 

(Electronic Apparatus) 

0107 Next, the electronic apparatus of the embodiment 
having the display panel 200 which was explained above in 
detail will be explained with reference to FIG. 11 to FIG. 13. 
0108 First, FIG. 11 shows the schematic structure of an 
electronic apparatus having the display panel 200 as men 
tioned above. 
0109. In FIG. 11, the electronic device includes a display 
information output source 1000, a display information pro 
cessing circuit 1002, a driving circuit 1004, a display panel 
1006, a clock generating circuit 1008 and a power source 
circuit 1010. 
0110. The display panel 200 in the above-noted embodi 
ment is equivalent to the display panel 1006 and the driving 
circuit 1004 in this embodiment. Therefore, the driving cir 
cuit 1004 may be installed on a TFT array substrate of the 
display panel 1006, and moreover, the display information 
processing circuit 1002, and the like may be installed. Alter 
natively, the driving circuit 1004 may be fixed externally onto 
a TFT array substrate on which the display panel 1006 is 
installed. 
0111. The display information output source 1000 
includes a memory such as ROM (Read Only Memory), 
RAM (Random Access Memory) and an optical disk device, 
a tuning circuit fortuning television signals and then output 
ting the signals, and the like; and based on clock signals from 
the clock generating circuit 1008, display information Such as 
the picture image signals of a predetermined format is output 
to the display information processing circuit 1002. The dis 
play information processing circuit 1002 includes various 
conventional processing circuits such as an amplifying/inver 
sion circuit, a phase developing circuit, a rotation circuit, a 
gamma control circuit and a clamp circuit; and digital signals 
are sequentially formed from display information that is input 
based on clock signals and are then output to the driving 
circuit 1004 along with clock signals CLK. The driving cir 
cuit 1004 drives the display panel 1006. The power source 
circuit 1010 supplies a predetermined power source to each 
circuit mentioned above. 
0112 Next, the specific examples of the electronic appa 
ratus prepared as above are shown respectively in FIG. 12 and 
FIG. 13. 
0113. In FIG. 12, as another example of the electronic 
apparatus, a multimedia laptop personal computer (PC) 1200 
has the above-noted display panel 200 in a top cover case 
1206, and further includes a main body 1204 having a CPU, 
a memory, a modem, and the like and a built-in keyboard 
1202. 
0114. Also, as shown in FIG. 13, in the case of a display 
panel 1304 with no built-in driving circuit 1004 and display 
information processing circuit 1002, an IC 1324 containing 
the driving circuit 1004 and the display information process 
ing circuit 1002 is physically and electrically connected to a 
TCP (Tape Carrier Package) 1320 through an anisotropic 
conductive film 1322 arranged at the periphery of the TFT 
array Substrate 1, and can be manufactured, sold, used, etc. as 
a display panel. 
0115. As explained above, according to this embodiment, 
various electronic apparatuses are provided that can be driven 
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at a relatively low voltage and with little unevenness in bright 
ness over the entire Surface of a display panel. 
0116. According to the transistor circuits of this invention, 
the gate Voltage can be reduced or increased relative to the 
Voltage of input signals only by a threshold Voltage of a 
compensating transistor, so that conductance control in the 
driving transistor can be carried out by a dropped Voltage of 
input signals. Moreover, by making the threshold character 
istics and Voltage/current characteristics of a compensating 
transistor and a driving transistor similar, the threshold Volt 
age of input signals to driving current can become approxi 
mately zero. Furthermore, in the case a plurality of the tran 
sistor circuits is prepared by applying a plurality of driving 
transistors with different threshold characteristics, even if a 
plurality of driving transistors with many different threshold 
Voltages are applied, in other words, a plurality of driving 
transistors having various threshold Voltages relative to a 
design standard level, it is also possible to provide a plurality 
of transistor circuits with almost no variance or no variance at 
all in threshold voltage in the plurality of transistor circuits. 
0117. According to the display panel of this invention, a 
picture image display with reduced unevenness in brightness 
is achieved by applying low Voltage input signals. 

INDUSTRIAL APPLICABILITY 

0118. A display panel is provided that can display picture 
images with reduced unevenness in brightness, from the tran 
sistor circuits of this invention; and the display panel is useful 
for electronic devices Such as laptop personal computers 
(PC), televisions, view finder or monitor display-type video 
tape recorders, car navigation devices, electronic notebooks, 
calculators, word processors, engineering workstations 
(EWS), cellular phones, TV telephones, POS terminals, pag 
ers, devices with touch panels, and the like. 
What is claimed is: 
1. A driving method for a display having a transistor circuit 

that includes a light-emitting element and a driving transistor 
controlling a current flowing through the light-emitting ele 
ment, the method comprising: 

setting a gate Voltage of the driving transistor to a prede 
termined Voltage, 

compensating a data signal for a threshold Voltage of the 
driving transistor when the data signal is Supplied to the 
transistor circuit; 

setting the gate Voltage of the driving transistor to a com 
pensated Voltage obtained by the compensating; and 

controlling the current flowing through the light-emitting 
element by the driving transistor. 

2. A driving method for a display including a scanning line, 
a data line, and a pixel including a light-emitting element and 
a transistor circuit including a driving transistor controlling a 
current flowing through the light-emitting element, and a 
Switching transistor connected between the data line and the 
driving transistor, the method comprising: 

setting a gate Voltage of the driving transistor to a prede 
termined Voltage in a first period, 

compensating a data signal for a threshold Voltage of the 
driving transistor when the Switching transistoris turned 
on based on a scanning signal Supplied from the scan 
ning line, for Supplying the data signal to a gate of the 
driving transistor from the data line in a second period; 

setting the gate Voltage of the driving transistor to a com 
pensated Voltage obtained by the compensating; and 

controlling the current flowing through the light-emitting 
element by the driving transistor in a third period. 
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3. The driving method according to claim 2, the data signal 
being Supplied to a gate of the driving transistor through a 
diode connected transistor. 

4. The driving method according to claim 2, the third 
period having a duration longer than a duration of the first 
period. 

5. The driving method according to claim 2, the predeter 
mined Voltage being lower than a lowest Voltage of the data 
signal. 
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6. The driving method according to claim 2, the transistor 
circuit including a reset transistor electrically connected to 
the gate of the driving transistor, the reset transistor Supplying 
the predetermined voltage when the reset transistor is turned 
On, 

the reset transistor being turned on in the first period and 
the switching transistor being turned off in the first 
period. 


