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Case of Using Only a Driving TFT (Comparative) 
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FIG. 3(A) 

Case of Using a Driving TFT and a Compensating TFT 
(Embodiment of the invention) 

V’ Compensation 
/ <_--- (Vth=Vth1—Vth2) 

vth Vsig 

FIG. 3(5) 



Patent Application Publication Jun. 13, 2002 Sheet 4 0f 12 US 2002/0070913 A1 

+5 A Vth (v) 

(Vth = -2.5 v) 

FIG. 4 



Patent Application Publication Jun. 13, 2002 Sheet 5 0f 12 US 2002/0070913 A1 

Vscan 

VjihZ 
Vsig 7.5V ‘I i i RANGEALLOWED FOR 

v _ 5v Vgv A LOWERING OF VOLTAGE (Vth>"2-5V) 

rslg ------ RANGENOTALLOWEDFOR vth< 2 W 
H v LOWERING 0F VOLTAGE ( " - ) 

VtIh‘I 

FIG. 5(A) 

Vscan 

Vsig 7.5V " 
Vg ‘F RANGEALLOWED FOR 

LOWERING OF VOLTAGE 

(Vth>-7.5V) 
Vrsig 0V _ - _ , 

FIG. 5(5) 



Patent Application Publication Jun. 13, 2002 Sheet 6 0f 12 US 2002/0070913 A1 

100' 

110' '~ ------- - 

12oj % 
FIG. 6 

/200 
INSPECTION CIRCUIT ~23 ~1 

*5‘ 
g 2 .2. g 
a z \12 a 
E \ 5 
5 . 12 g 

' > 

% ‘>11 ‘>11 ' g 

g \11 \13 \13 § 
4: 
8 

. . . . . . . .. I 

2 DATA LINE DRIVING CIRCUIT 22 
I 

2'1 

FIG. 7 



Patent Application Publication Jun. 13, 2002 Sheet 7 0f 12 US 2002/0070913 A1 

:3 PE... 

FIG. 8 



Patent Application Publication Jun. 13, 2002 Sheet 8 0f 12 US 2002/0070913 A1 

140 120 1&0 

11a 1211 /3 1/21 6 3 
a 1/ /U / 71 3'14 4344-1-11 1 . A 

A5 . . . ' 

/ /4 /n+ 4+1 41 / 4044+ 
1 142 143 122 4123 4 

4 

FIG. 9(A) 

130 

M 131 
B Est-LG FU- B‘ 

5 

\ 
4132 133 1 

FIG. 9(3) 

50 

l%———————/56 
52 . 
1 3/51 Q 

4 M444 1-18 
C 7 6"“?? C' 

5 

1/ 4/ 11/3 11T1 1Y2 
110 

FIG. 9((:) 



Patent Application Publication Jun. 13, 2002 Sheet 9 0f 12 US 2002/0070913 A1 

FIG. 10 



Patent Application Publication Jun. 13, 2002 Sheet 10 0f 12 US 2002/0070913 A1 

g2 

g2 

V 

s2 
4 \ 

002 
i \ 

.cnogo x0040 > 

momsow mm>>oa 22 



Patent Application Publication Jun. 13, 2002 Sheet 11 0f 12 

I 

US 2002/0070913 A1 

1200 
/ 

'\'\ Lilli!!!’ HM; 
T 

1 '\ 
1202 1204 

FIG. 12 



Patent Application Publication Jun. 13, 2002 Sheet 12 0f 12 US 2002/0070913 A1 

1304 

/ 

F . 

/////////// 



US 2002/0070913 A1 

TRANSISTOR CIRCUIT, DISPLAY PANEL AND 
ELECTRONIC APPARATUS 

TECHNICAL FIELD 

[0001] This invention relates to the technical ?eld of 
transistor circuits including a plurality of transistors such as 
thin-?lm transistors (mentioned as TFT hereafter), ?eld 
effect transistors and bipolar transistors, and particularly 
relates to the technical ?eld of transistor circuits including 
driving transistors for controlling driving current, by con 
trolling conductance 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. 

BACKGROUND ART 

[0002] Generally, the voltage/current characteristics and 
thresholds of transistors tend to vary, depending on various 
conditions such as the quality and thickness of semiconduc 
tor ?lms, impurity concentration and diffusion areas, the 
quality, thickness and the like of gate insulating ?lms, 
operating temperature, and the like. In the case of bipolar 
transistors consisting of crystal silicon, the variance of 
thresholds is relatively 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 TFT array 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 
:V. 

[0003] 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 con 
trolled 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 thresh 
olds. 

[0004] On the other hand, display panels have been 
recently developed that include current-controlled light 
emitting elements, such as a self light-emitting organic ELs 
to change the brightness at picture elements in response to 
current supply. These display panels have received attention 
as display panels that can display picture images Without 
back light and re?ected light, that consume less poWer, being 
less dependent on the angle of vieW, and are sometimes 
?exible. 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 
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supplied to an EL element from poWer source Wiring con 
nected 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 ?oWing 
to an EL element can be controlled by controlling conduc 
tance 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. 

[0005] 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 
voltage/current characteristics and thresholds in the driving 
TFTs appears directly as the variance of the driving current 
supplied 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 manufacturing techniques of loW temperature poly 
silicon TFTs, voltage/current characteristics and thresholds 
vary considerably. Thus, this problem is, in practicality, 
extremely serious. 

[0006] 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. 
Alternatively, it is almost impossible to manufacture TFTs 
that can loWer such a variance. Moreover, even if a circuit 
for compensating the variance of voltage/current character 
istics 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. 

DISCLOSURE OF INVENTION 

[0007] This invention is carried out in consideration of the 
above-noted problems, and aims to provide transistor cir 
cuits 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. 

[0008] In this invention, the folloWing transistor circuits 
according to the ?rst to tenth aspects are provided. 

[0009] First, a transistor circuit according to a ?rst aspect 
of the invention is characteriZed in that it includes a driving 
transistor having a ?rst gate, a ?rst source and a ?rst drain, 
Wherein conductance betWeen the ?rst source and ?rst drain 
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is controlled in response to the voltage of input signals 
supplied to the ?rst 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 ?rst gate in an orientation so as 
to supply the input signals to the ?rst gate through the 
second source and second drain, and to alloW the ?rst gate 
to move electric charge into a direction to loWer the con 
ductance. 

[0010] According to the above-noted transistor circuit of 
the ?rst aspect of the invention, one of the second source and 
second drain of the compensating transistor is connected to 
the ?rst gate of the driving transistor, and input signals are 
supplied to the ?rst gate of the driving transistor through this 
second source and second drain. Then, at the driving tran 
sistor, the conductance betWeen the ?rst source and ?rst 
drain is controlled in response to the voltage of input signals 
supplied to the ?rst gate. Herein, the compensating transistor 
has the second gate connected to the second drain, and is 
connected to the ?rst gate in an orientation to alloW the ?rst 
gate to move electric charge into a direction to loWer the 
conductance betWeen the ?rst source and ?rst drain. In other 
Words, the compensating transistor has diode characteristics 
and When the driving transistor is, for eXample, an N-chan 
nel type transistor, current can be carried from the ?rst gate 
into the direction of an input signal source. Alternatively, 
When the driving transistor is a P-channel type transistor, 
current can be carried from an input signal source to the 
direction of the ?rst gate. 

[0011] Therefore, as input signals are supplied to the 
transistor circuit, the gate voltage of the ?rst 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 of a voltage that is loWer only by a threshold 
(voltage) level of the compensating transistor, instead of the 
gate voltage corresponding 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 control can be carried out by the 
loWer voltage of input signals compared With the case of no 
compensating transistor. 

[0012] These input signals are generally at a high fre 
quency relative to other signals, and the consumption of 
electric poWer can be reduced signi?cantly if loWer input 
signals can be used. 

[0013] Moreover, setting a gate voltage at the ?rst gate by 
increasing the voltage of input signals from the compensat 
ing 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 ?oWing through a 
source and a drain Whose conductance is controlled in the 
driving transistor 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 compensating transistor and the threshold of 
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the driving transistor are offset from each other. Therefore, 
by making the threshold characteristics and the voltage/ 
current characteristics of both transistors similar to each 
other, it is possible to set the threshold of input signals to 
driving current to Zero. 

[0014] 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 
transistor circuits is prepared by using many driving tran 
sistors With different thresholds, a difference in thresholds 
betWeen transistor 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 transistor in each transistor circuit 
close to each other (ideally equal to each other). Thus, in 
preparing a plurality of transistor circuits, a plurality of 
transistor circuits With almost or completely no variance in 
thresholds can be provided even When many driving tran 
sistors With many different thresholds are used. 

[0015] A transistor circuit according to a second aspect of 
the invention, in the transistor circuit according to the ?rst 
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 conduc 
tance controlled in response to the input signals, to a ?rst 
gate before the input signals are supplied. 

[0016] According to the above-noted transistor circuit of 
the second aspect of the invention, before input signals are 
supplied to the ?rst 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 ?rst 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 
?rst gate through the compensating transistor Which is 
connected to the ?rst gate in an orientation to permit electric 
charge to move into a direction so as to loWer conductance 
after resetting. 
[0017] A transistor circuit according to a third aspect of 
the invention, in the above-noted transistor circuits accord 
ing to any of the ?rst 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 transistor. 

[0018] According to the above-mentioned transistor cir 
cuit of the third aspect of the invention, reset signals having 
a higher voltage than input signals are supplied to the ?rst 
gate of the driving transistor by the resetting means. More 
over, 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 can alWays be supplied to the ?rst 
gate of the driving transistor through the compensating 
transistor, Without being dependent on the level of voltage of 
input signals or thresholds of the driving transistor, When 
input signals are input after resetting. 
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[0019] A transistor circuit according to a fourth aspect of 
the invention, in the transistor circuit according to the 
second aspect mentioned above, is characteriZed in that it 
includes a resetting transistor Wherein the resetting rneans 
has a third gate, a third source and a third drain, Wherein one 
of the third source and the third drain is connected to the ?rst 
gate, and Wherein the reset signals are supplied to the ?rst 
gate through the third source and third drain after reset 
tirning signals are supplied to the third gate before the supply 
of the input signals. 

[0020] According to the above-noted transistor circuit of 
the fourth aspect of the invention, When reset tirning signals 
are supplied to the third gate of the resetting transistor, reset 
signals are supplied to the ?rst gate of the driving transistor 
through the third source and third drain by the resetting 
transistor. As a result, the gate voltage of the driving 
transistor can be reset at a constant by the timing of 
supplying reset tirning signals. Therefore, the operations that 
are eXplained for the second transistor circuit becorne pos 
sible. 

[0021] A transistor circuit according to a ?fth aspect of the 
invention, in the transistor circuit according to any one of the 
?rst to the fourth aspects mentioned above, is characteriZed 
in that the driving transistor and the cornpensating transistor 
are the same type of transistors. 

[0022] According to the transistor circuit of the ?fth aspect 
of the invention mentioned above, the driving transistor and 
the cornpensating transistor are the same type of transistors, 
but the “same type” means that the conductive type of 
transistors is the same herein. For instance, When the driving 
transistor is an N channel type transistor, the cornpensating 
transistor is also an N channel type transistor. With the 
driving transistor as a P channel type transistor, the corn 
pensating transistor is also a P channel type transistor. 
Therefore, the threshold of the cornpensating 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 transistor circuit. As a result, it becomes possible 
to carry out conductance control by setting the threshold of 
input signals supplied to a driving current to approximately 
Zero. 

[0023] Also, by providing the same transistor channel 
Width, design values including a channel length, device 
structures, process conditions, and the like to both the 
driving transistor and the cornpensating transistor, more 
complete cornpensation becomes possible. 
[0024] A transistor circuit according to the siXth aspect of 
the invention, in the transistor circuit according to any of the 
above-noted ?rst to the ?fth 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 connected so as to supply the input signals 
to the cornpensating transistor through the fourth source and 
fourth drain When sWitching tirning signals are supplied to 
the fourth gate. 

[0025] According to the above-noted transistor circuit of 
the siXth aspect, When sWitching tirning signals are supplied 
to the fourth gate of the sWitching transistor, input signals 
are supplied to the cornpensating transistor through the 
fourth source and fourth drain of the sWitching transistor. As 
a result, input signals can be supplied to the driving tran 
sistor by the supply timing of sWitching tirning signals. 
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[0026] A transistor circuit according to a seventh aspect of 
the invention, in the transistor circuit according to any of the 
above-noted ?rst to siXth aspects, is characteriZed in that it 
further includes a storage capacitor connected to the ?rst 
gate. 

[0027] According to the transistor circuit of the seventh 
aspect, When input signals are supplied to the ?rst gate, the 
voltage is held by the storage capacitor connected to the ?rst 
gate. Therefore, even When input signals are supplied only 
for a ?Xed period, the voltage at the ?rst gate can be held 
over a longer period than the ?Xed period. 

[0028] Also, even When there is leakage current in the 
sWitching transistor through the cornpensating transistor, it 
becomes possible to reduce the ?uctuation of electric poten 
tial applied to the ?rst gate. 

[0029] Atransistor circuit according to an eighth aspect of 
the invention, in the transistor circuit according to any of the 
above-noted ?rst to seventh aspects, is characteriZed in that 
the transistors consist of thin-?lrn transistors formed on the 
same substrate respectively. 

[0030] According to the transistor circuit of the eighth 
aspect, the effect of voltage/current characteristics and 
threshold characteristics of the driving thin-?lrn transistor, 
Which is formed on the same substrate, on a driving current 
can be compensated by the cornpensating thin-?lrn transis 
tor. Particularly, as both thin-?lrn transistors are formed on 
the same substrate in the same thin-?lrn forrning process, the 
characteristics betWeen both transistors becorne sirnilar, 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. 

[0031] A transistor circuit according to a ninth aspect of 
the invention, in the transistor circuit according to any of the 
above-noted ?rst 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. 

[0032] 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 cornpensating 
bipolar transistor. Particularly, as both bipolar transistors are 
manufactured in the same manufacturing process, the degree 
of characteristic similarity between both transistors gener 
ally increases, so that it becomes possible to provide a 
plurality of transistor circuits With little variance in voltage/ 
current characteristics and threshold characteristics. 

[0033] A transistor circuit according to a tenth aspect of 
the invention, in the transistor circuit according to any of the 
above-noted ?rst to ninth aspects, is characteriZed in that the 
input signals are voltage signals Where the voltage is con 
trolled by an input signal source and that the driving 
transistor, Wherein one of the ?rst source and ?rst drain is 
connected to a current-controlled element, and electric cur 
rent ?oWing to the current-controlled element is controlled 
by controlling the conductance. 

[0034] 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 cornpensating transistor as input signals, con 
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ductance between the ?rst source and ?rst drain is controlled 
in response to the change in voltage of these voltage signals 
in the driving transistor. As a result, the current-controlled 
element connected to one of the ?rst source and ?rst drain 
is current-controlled. Thus, it becomes possible to current 
drive the current-controlled element by the input signals of 
a relatively loW voltage. Moreover, it becomes possible to 
current-control a plurality of current-driven elements With 
good precision in response to voltage signals Without being 
dependent on the variance in voltage/current characteristics 
and thresholds betWeen a plurality of driving transistors. 

[0035] According to this invention, a display panel is 
provided Which is characteriZed in that it includes the 
above-noted tenth transistor circuit of this invention respec 
tively and has a plurality of picture elements arranged in a 
matriX, and that current-controlled light-emitting elements 
are provided respectively to the plurality of picture elements 
as the current-controlled elements. 

[0036] 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 vari 
ance in voltage/current characteristics and threshold char 
acteristics 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-emit 
ting elements can be controlled by the input signals of a 
relatively loW voltage. 

[0037] According to this invention, an electronic appara 
tus having the above-noted display panel is provided. 

[0038] 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 DRAWINGS 

[0039] FIG. 1 is a circuit diagram in one embodiment of 
a transistor circuit of the invention. 

[0040] 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 modi?ed embodi 
ment of the transistor circuit using n-channel transistors. 

[0041] 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 
shoWing the threshold characteristics in the embodiment 
having a compensating TFT and a driving TFT. 

[0042] FIG. 4 is a characteristic diagram shoWing various 
cases of the ?uctuation in driving current Id in response to 
the variance AVth of thresholds. 

[0043] FIG. 5(A) is a timing chart shoWing dropping 
voltage operations by a compensating TFT When the reset 
signal Vrsig is set at 5V in the embodiment, and FIG. 5(B) 
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is a timing chart shoWing dropping voltage operations by the 
compensating TFT When the reset signal Vrsig is set at 0V. 

[0044] FIG. 6 is a circuit diagram in another embodiment 
of a transistor circuit of the invention. 

[0045] FIG. 7 is a planar vieW shoWing an entire structure 
in one embodiment of a display panel of the invention. 

[0046] FIG. 8 is a planar vieW of one picture element of 
the display panel of FIG. 7. 

[0047] 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‘. 

[0048] FIG. 10 is a circuit diagram of four adjoining 
picture elements in the display panel of FIG. 7. 

[0049] FIG. 11 is a block diagram shoWing a schematic 
structure in one embodiment of an electronic apparatus of 
this invention. 

[0050] FIG. 12 is a front vieW of a personal computer as 
an eXample of an electronic apparatus. 

[0051] FIG. 13 is a perspective diagram shoWing a liquid 
crystal device using a TCP as another eXample of an 
electronic apparatus. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0052] The operation of this invention and other bene?ts 
Will be made clear by the embodiments eXplained beloW. 
The embodiments of this invention Will be eXplained beloW 
With reference to the draWings. 

[0053] (Transistor Circuit) 
[0054] First, the embodiment of a transistor circuit of this 
invention is eXplained With reference to FIG. 1 and FIG. 2. 
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. 

[0055] In FIG. 1, a transistor circuit 100 comprises 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. 

[0056] 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 compen 
sating TFT 120. 

[0057] The compensating TFT 120, as an eXample of 
compensating 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 connected 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). 
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[0058] The resetting TFT 130, an example of resetting 
means, 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 Vrsig hereafter) are sup 
plied 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. 

[0059] Also, the sWitching TFT 140, an example of 
sWitching transistors, is connected betWeen an input signal 
source and the compensating TFT 120 so as to supply input 
signals at voltage Vsig (called input signals Vsig hereafter) 
to the compensating 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. 

[0060] Moreover, one terminal of a current-controlled 
(current-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 element 500. In addition, positive poWer source 
+Vc With a predetermined electric potential is connected to 
the drain 113 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 Id 
?oWing through the current-controlled element 500 is con 
trolled (in other Words, driving current Id varies in response 
to conductance ?uctuation). 

[0061] 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. 

[0062] Then, the operation of the transistor circuit 100 
constructed as above is explained With reference to FIG. 1 
along With FIG. 2 and FIG. 3. 

[0063] As shoWn in FIG. 2(A) (this ?gure 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 Vrsig 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 Vrsig of these reset signals Vrsig. As a result, 
Without being dependent on the level of voltage of input 
signals Vsig, the gate voltage Vg of the driving TFT 110 can 
be reset at a ?xed voltage (in other Words, voltage Vrsig) by 
the supply timing of reset scanning signals Vrsig. 

[0064] 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 Vsig of data signals Vsig to the negative voltage side 
only by a threshold voltage Vth2 level of the compensating 
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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 Vsig is stopped. 

[0065] In addition, the period in Which gate voltage Vg 
becomes the voltage Vrsig of reset signals Vrsig is suf?cient 
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 
?oWing through the source 112 and the drain 113 of the 
driving TFT 110 in this period can be minimiZed to a 
negligible degree. 

[0066] As described above, according to this embodiment, 
gate voltage Vg relative to input signals Vsig can rise only 
by a threshold voltage Vth2 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 Vsig compared With the case With no 
compensating TFT 120. 

[0067] Also, FIG. 2(B) is a timing chart Where an N 
channel 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 Vsig of input 
signals Vsig to the positive voltage side only by a threshold 
Vth2 level of the compensating TFT 120 after being set at 
the voltage Vrsig of reset signals Vrsig during resetting. 

[0068] If input signals Vsig are directly input to the 
driving TFT 110 Without going through the compensating 
TFT 120, in other Words, When the voltage Vsig of input 
signals Vsig is the same as the gate voltage Vg, the driving 
current Id is boosted from a threshold voltage Vthl 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 Vthl is 2V, 
a variance in thresholds Will be about several 1V. Then, a 
variance in threshold voltage Vthl in the driving TFT 110 
Will appear directly as a variance in driving current Id. 

[0069] On the contrary, in this embodiment, since input 
signals Vsig are input to the driving TFT 110 through the 
compensating TFT 120, in other Words, When the voltage 
Vsig of input signals Vsig is boosted only by the threshold 
voltage Vth2 level of the compensating TFT 120 to become 
gate voltage Vg, the threshold voltage Vth2 of the compen 
sating TFT 120 and the threshold voltage Vthl 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 Vsig to the entire transistor circuit 100 then becomes 
approximately Zero. Moreover, particularly When both 
threshold voltages Vthl and Vth2 are nearly the same, this 
threshold voltage Vth becomes approximately Zero. Thus, 
equalizing threshold voltage Vthl 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 sub 
strate. 

[0070] As constructed above, in both TFTs, the thickness 
of thin gate insulating ?lms, semiconductor ?lms, and the 



US 2002/0070913 A1 

like, the planar shapes of each component such as a channel 
length, impurity concentration in regions for forming chan 
nels, source regions and drain regions, temperature during 
operation and the like can easily become the same, so that 
the threshold voltage Vthl and Vth2 of both TFTs can be 
completely or almost completely equalized. In addition, in 
making threshold characteristics similar, it is better to make 
channel lengths the same, but channel Widths do not have to 
be the same. 

[0071] 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 Vsig supplied to the 
driving current Id to approximately Zero (ideally equal to 
Zero). 
[0072] Moreover, as seen from FIG. 3(A) and FIG. 3(B), 
in manufacturing a plurality of transistor circuits 100, even 
if threshold voltage Vthl 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 
compensating TFT 120 Without being dependent on the level 
of this threshold voltage Vthl. In other Words, a plurality of 
transistor 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 Vthl of the driving TFT 110 and the 
threshold voltage Vth2 of the compensating TFT 120 that 
are a mutually adjoining pair at each transistor circuit 100 
than to equaliZe the threshold voltage Vthl of tWo driving 
TFTs 110 that are separately arranged With a gap therebe 
tWeen, so that it is possible to say that the structure of 
compensating threshold voltage Vthl 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. 

[0073] As described above, according to this embodiment, 
even if a plurality of driving TFTs 110 With different 
threshold voltage Vthl from a threshold voltage (for 
example, 2.5V) as a design standard level is used in pre 
paring a plurality of transistor circuits 100, it becomes 
possible to provide a plurality of circuits 100 With little or no 
variance in threshold voltage Vth. Therefore, the require 
ments for TFTs regarding voltage/current characteristics are 
made easy, and it becomes possible to improve yields and 
loWer manufacturing costs. 

[0074] In addition, as seen from FIG. 3(A) and FIG. 3(B), 
by equaliZing threshold voltages Vthl and Vth2, the ?rst 
effect Where conductance control at each driving TFT 110 
can be carried out by using a higher gate voltage Vg than the 
voltage Vsig of input signals Vsig 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 
Vthl 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 ?rst and second effects are achieved to 
some degree, based on the similarity of both threshold 
voltages. 
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[0075] In this embodiment, particularly, it is constructed 
so as to supply reset signals Vrsig having a voltage in 
response to a higher conductance than the maximum con 
ductance controlled in response to input signals Vsig to the 
gate 111. Therefore, it becomes possible to supply input 
signals Vsig to the gate 111 through the compensating TFT 
120 that is connected to the gate 111 in an orientation, to 
permit electric charge to move into a direction so as to loWer 
this conductance after resetting, Without being dependent on 
the level of voltage Vsig of input signals Vsig. Also, in this 
embodiment, reset signals Vrsig are set at a higher voltage 
than the maximum voltage of input signals Vsig by the 
threshold voltage Vth2 level of the compensating TFT 120. 
Therefore, When input signals Vsig are input after resetting, 
a voltage higher than the voltage Vsig of input signals Vsig 
only by the threshold voltage Vth2 level of the compensating 
TFT 120 can alWays be supplied to the gate 111 Without 
being dependent on the level of the voltage Vsig of input 
signals Vsig and the threshold voltage Vth2 of the compen 
sating TFT 120. 

[0076] 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 Vsig relations are achieved in all input signals 
Vsig, including inverse input signals. 

[0077] The effects of these reset signals Vrsig by voltage 
setting are examined With reference to FIG. 4 and FIG. 5. 
Herein, FIG. 4 respectively shoWs the ?uctuation 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 Vsig are supplied directly to the driving TFT 
110 Without the compensating TFT 120 (characteristic curve 
C1), (2) When input signals Vsig 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 Vsig are supplied to the driving TFT 110 through the 
compensating TFT 120 With reset signal Vrsig at 0V (char 
acteristic curve C3). Also, FIG. 5(A) shoWs the ?uctuation 
range of the gate voltage Vg corresponding to the charac 
teristic curve C2, and FIG. 5(B) shoWs the ?uctuation range 
of the gate voltage Vg corresponding to the characteristic 
curve C3. In addition, herein, Vsig is 7.5V; +Vc is 10V; and 
—Vc is SV. 

[0078] 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. 

[0079] As illustrated With the characteristic curve C2, 
When the compensating TFT is used at 5V of reset signal 
Vrsig, the variance AVth in threshold voltage is signi?cantly 
compensated 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 sides the gate voltage Vg 
cannot be made loWer (or compensated) than the input 
signals Vsig by the threshold voltage Vth2 level to the 
negative voltage side, When the input signals Vsig 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 Vsig from the reset signals Vrsig, but cannot do 
the opposite. 

[0080] Also, as shoWn With the characteristic curve C3, 
When the compensating TFT is used with UV of reset signal 
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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 Vsig only by thresh 
old voltage Vth level to the negative voltage side, When the 
input signals Vsig are input after resetting. Moreover, if 
Vsig=7.5V applied herein is considered as the minimum 
electric potential of input signals Vsig, the above-noted 
examination is realiZed to make sure that all Vsig can be 
compensated. 

[0081] As described above, in this embodiment, Without 
being dependent on the level of input voltage Vsig and 
threshold Vth2 of the compensating TFT 110, a voltage Vg 
that is loWer than the voltage of the input signals Vsig only 
by the threshold voltage Vth2 level of the compensating TFT 
120 can be applied to the gate 111 of the driving TFT 110. 

[0082] 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 capaci 
tor 160, a variance in holding characteristics of the gate 
voltage Vg among a plurality of transistor circuits 100 can 
be also reduced (compensated). 

[0083] As explained With reference to FIG. 1 to FIG. 5, 
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 Vsig at a relatively 
loW voltage; 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 volt 
age of input signals Vsig. 

[0084] 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 ?lm forming process, 
the degree of characteristic similarities betWeen both TFTs 
generally 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 
characteristics. 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. 

[0085] Also, each type of TFTs 110-140 in this embodi 
ment may be any type of ?eld effect transistor (FET) such as 
joining type, parallel/serial connection type, and the like. 

[0086] 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 tran 
sistor, and at the same time, a compensating transistor 120‘ 
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is constructed 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 compensating transistor 120‘. Further 
more, driving can be carried out by the driving transistor 
110‘ at a relatively loW voltage. Particularly, 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. 

[0087] 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 
controlled heat transfer element, and the like, are included. 

[0088] (Display Panel) 
[0089] 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 on line B-B‘ and a cross sectional vieW on line 
C-C‘ thereof; and FIG. 10 is a circuit diagram of four picture 
elements adjoining each other. 

[0090] The display panel in this embodiment includes the 
above-noted transistor circuits of this invention, respec 
tively, 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-emitting elements. 

[0091] 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 
display 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 direc 
tion and arranged in the Y direction, and a plurality of 
common electric Wires 13 arranged in parallel to the plu 
rality 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 conductance failure, insulation failure, defects of 
elements, and the like in each picture element 2. In addition, 
in this embodiment, each driving circuit is formed on the 
TFT array substrate 1 along With a picture element 2 in the 
same process, but it can be a circuit that is not formed on the 
TFT array substrate 1 or may be formed in a different 
process from the picture element 2. 

[0092] 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 








