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(57) ABSTRACT 

Adriver circuit operating in stages that comprise a program 
ming stage and a reproduction stage, the circuit comprising: 
a plurality current paths each of Which passes through the 
circuit, a current driven element, a transistor connected so as 
operatively to control the current supplied to the said ele 

llmtn l? 

Assignee: SEIKO EPSON CORPORATION, . . . 
ment, a capacitor connected for storing an operating voltage 

Tokyo (JP) . . . . 
of the transistor during the programming stage, and switch 
ing means Which control the current paths, the arrangement 

APPL NO: 10/853,254 being such that one of the current paths does not include the 
said element. No current is applied to the current driven 

Filed; May 26, 2004 element by the current controlling transistor during the 
programming stage and thus the overall poWer consumption 
is reduced. Furthermore, the circuit can be operated from a 

Related US, Application Data normal supply voltage rather than requiring a high bias 
voltage. During the programming stage, the circuit uses a 

Division of application No. 09/899,915, ?led on Jul. current sink rather than a current source. Preferably, the 
9, 2001. current driven element is an electroluminescent element. 
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CIRCUIT, DRIVER CIRCUIT, ORGANIC 
ELECTROLUMINESCENT DISPLAY DEVICE 
ELECTRO-OPTICAL DEVICE, ELECTRONIC 

APPARATUS, METHOD OF CONTROLLING THE 
CURRENT SUPPLY TO AN ORGANIC 

ELECTROLUMINESCENT PIXEL, AND METHOD 
FOR DRIVING A CIRCUIT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of Invention 

[0002] The present invention relates, inter alia, to a driver 
circuit. One particular application of such a driver circuit is 
for driving a pixel of an organic electroluminescent device. 

[0003] 2. Description of Related Art 

[0004] An organic electroluminescent (OEL) element 
comprises a light emitting material layer sandWiched 
betWeen an anode layer and a cathode layer. Electrically, this 
element operates like a diode. Optically, it emits light When 
forWard biased and the intensity of the emission increases 
With the forWard bias current. It is possible to construct a 
display panel With a matrix of OEL elements fabricated on 
a transparent substrate and With at least one of the electrode 
layers being transparent. One can also integrate the driving 
circuit on the same panel by using loW temperature poly 
silicon thin ?lm transistor (TFT) technology. 

[0005] In a basic analog driving scheme for an active 
matrix OEL display, a minimum of tWo transistors are 
required per pixel (FIG. 1): T1 is for addressing the pixel and 
T2 is for converting the data voltage signal into current 
Which drives the OEL element at a designated brightness. 
The data signal is stored by the storage capacitor CStorage 
When the pixel is not addressed. Although p-channel TFTs 
are shoWn in the ?gures, the same principle can also be 
applied for a circuit With n-channel TFTs. 

[0006] There are problems associated With TFT analog 
circuits and OEL elements do not act like perfect diodes. The 
light emitting material does, hoWever, have relatively uni 
form characteristics. Due to the nature of the TFT fabrication 
technique, spatial variation of the TFT characteristics exists 
over the entire panel. One of the most important consider 
ations in a TFT analog circuit is the variation of threshold 
voltage, AVT, from device to device. The effect of such 
variation in an OEL display, exacerbated by the non perfect 
diode behaviour, is the non-uniform pixel brightness over 
the display panel, Which seriously affects the image quality. 
Therefore, a built-in circuit for compensating a dispersion of 
transistor characteristics is required. 

[0007] A circuit shoWn in FIG. 2 is proposed as one of 
built-in for compensating a variation of transistor charac 
teristics. In this circuit, T1 is for addressing the pixel. T2 
operates as an analog current control to provide the driving 
current. T3 connects betWeen the drain and gate of T2 and 
toggles T2 to be either a diode or in saturation. T4 acts as a 
sWitch. Either T1 or T4 can be ON at any one time. Initially, 
T1 and T3 are OFF, and T4 is ON. When T4 is OFF, T1 and 
T3 are ON, and a current of knoWn value is alloWed to How 
into the OEL element, through T2. This is the programming 
stage because the threshold voltage of T2 is measured With 
T2 operating as a diode (With T3 turned ON) While the 
programming current is alloWed to How through T1, through 
T2 and into the OEL element. T3 shorts the drain and gate of 
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T2 and turns T2 in to a diode. The detected threshold voltage 
of T2 is stored by the capacitor C1 connected betWeen the 
gate and source terminals of T2 When T3 and T1 are sWitched 
OFF. Then T4 is turned ON, the current is noW provided by 
VDD. If the slope of the output characteristics Were ?at, the 
reproduced current Would be the same as the programmed 
current for any threshold voltage of T2 detected. By turning 
ON T4, the drain-source voltage of T2 is pulled up, so a ?at 
output characteristic Will keep the reproduced current the 
same as the programmed current. Note that AVT2 shoWn in 
FIG. 2 is imaginary, not real. 

[0008] Aconstant current is provided, in theory, during the 
active programming stage, Which is t2 to t5 in the timing 
diagram shoWn in FIG. 2. The reproduction stage starts at t6. 

[0009] The circuit of FIG. 2 is advantageous but there is 
an on-going desire to reduce poWer consumption. In par 
ticular, implementation of the current-source in the circuit of 
FIG. 2 requires a bias voltage (VBIAS) in addition to the 
supply voltage (VDD). Although the supply voltage (VDD) 
could be increased to cover the required bias voltage 
(VBIAS)—Wh1Ch Would have the advantage of reducing the 
component count, there is still an overall increase in system 
poWer consumption to program With any value of data 
current (IDAT). 

[0010] Attention is, by the present invention, draWn to the 
fact that all currents passing through the circuit of FIG. 2 
pass through the OEL element. The signi?cance of this to the 
present invention Will be apparent from the description 
given hereinafter. 

SUMMARY OF THE INVENTION 

[0011] According to a ?rst aspect of the present invention 
there is provided a driver circuit operating in stages that 
comprise a programming stage and a reproduction stage, the 
circuit comprising: a plurality of current paths each of Which 
passes through the circuit, a current driven element, a 
transistor connected so as operatively to control the current 
supplied to the said element, a capacitor connected for 
storing an operating voltage of the transistor during the 
programming stage, and sWitching means Which control the 
current paths, the arrangement being such that one of the 
current paths does not include the said element. 

[0012] According to a second aspect of the present inven 
tion there is provided a driver circuit for driving a pixel of 
an electroluminescent device, the pixel including an elec 
troluminescent element and the circuit comprising; a tran 
sistor connected so as operatively to control the current 
supplied to the electroluminescent element, a capacitor 
connected for storing an operating voltage of the transistor 
during a programming stage, a ?rst sWitching means con 
nected so as to establish When operative a current path 
through the transistor during the programming stage, and a 
second sWitching means connected so as to establish When 
operative a current path through the transistor and the 
electroluminescent element during a reproduction stage, 
Wherein the ?rst sWitching means is connected such that the 
current path during the programming stage does not pass 
through the electroluminescent element. 

[0013] According to a third aspect of the present invention 
there is provided a driver circuit for driving a pixel of an 
electroluminescent device, the pixel including an electrolu 
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minescent element and the circuit comprising; a transistor 
connected so as operatively to control the current supplied to 
the electroluminescent element, a capacitor connected for 
storing an operating voltage of the transistor during a 
programming stage, a ?rst sWitching means connected so as 
to establish When operative a current path through the 
transistor during the programming stage, a second sWitching 
means connected so as to establish When operative a current 
path through the transistor and the electroluminescent ele 
ment during a reproduction stage, and a current sink, the ?rst 
sWitching means being connected such that the current path 
during the programming stage is through the transistor to the 
current sink. 

[0014] According to a fourth aspect of the present inven 
tion there is provided a method of controlling the current 
supply to an electroluminescent element comprising the 
steps of providing a current path during a programming 
stage Which path does not pass through the electrolumines 
cent element and of providing a current path during a 
reproduction stage Which path does pass through the elec 
troluminescent element. 

[0015] According to a ?fth aspect of the present invention 
there is provided a method of controlling the current supply 
to an electroluminescent element comprising the steps of 
providing a current path during a programming stage Which 
path connects to a current sink and of providing a current 
path during a reproduction stage Which path passes through 
the electroluminescent element. 

[0016] According to a siXth aspect of the present invention 
there is provided an electroluminescent display device com 
prising one or more driver circuits according to any of the 
?rst to third aspects of the present invention. 

[0017] According to a seventh aspect of the present inven 
tion there is provided an electronic apparatus incorporating 
an electroluminescent display device according to the siXth 
aspect of the present invention. 

[0018] According to an eight aspect of the present inven 
tion there is provided a circuit comprising a current driven 
element, the circuit providing a ?rst current path including 
the current driven element and a second current path not 
including the current driven element. 

[0019] According to a ninth aspect of the present invention 
there is provided a circuit comprising a current driven 
element, the circuit providing a ?rst current path ?oWing a 
current through the current driven element, and a second 
current path not ?oWing current through the current driven 
element. 

[0020] According to a tenth aspect of the present invention 
there is provided a method for driving a circuit comprising 
a current driven element and a transistor that controls a 

current supplied to the current driven element, comprising a 
step of determining a gate voltage of the transistor based on 
a predetermined current. 

[0021] It Will be noted that according to the present 
invention no current is applied to the current driven element 
by the current controlling transistor during the programming 
stage. In accordance With the invention in an electrolumi 
nescent device a piXel driver circuit can be implemented 
Without degrading the perceived image presented by the 
electroluminescent device. It has the bene?t of reducing the 
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overall poWer consumption compared With the prior art in 
Which the same current is supplied to the OEL element 
during both the programming and the reproduction stage. 
Furthermore, the circuit can be operated from a normal 
supply voltage rather than requiring a high bias voltage as in 
the prior art. In effect, the present invention provides for 
separation of the programming and the reproduction current 
paths. This enables a number of advantages to be achieved. 
For eXample, if there is no current ?oW through the OEL 
element during the programming stage then the program 
ming stage operates more quickly—since the arrangement 
avoids the sloW doWn caused by the parasitic capacitance of 
the OEL element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] Embodiments of the present invention Will noW be 
described by Way of further eXample only and With reference 
to the accompanying draWings, in Which: 

[0023] FIG. 1 shoWs a conventional OEL element piXel 
driver circuit using tWo transistors, 

[0024] FIG. 2 shoWs a knoWn current programmed OEL 
element driver With threshold voltage compensation, 

[0025] FIG. 3 shoWs a piXel driver circuit according to a 
?rst embodiment of the present invention, 

[0026] FIG. 4 shoWs a piXel driver circuit according to a 
second embodiment of the present invention, 

[0027] FIG. 5 shoWs several piXels in a matrix display 
Wherein each piXel uses the circuit of FIG. 4, 

[0028] FIG. 6 is a schematic sectional vieW of a physical 
implementation of an OEL element and piXel driver accord 
ing to an embodiment of the present invention, 

[0029] FIG. 7 is a simpli?ed plan vieW of an OEL display 
panel incorporating the present invention, 

[0030] FIG. 8 shoWs another embodiment of a piXel driver 
circuit according to the present invention, 

[0031] FIG. 9 shoWs another embodiment of a piXel driver 
circuit according to the present invention, 

[0032] FIG. 10 is a schematic vieW of a mobile personal 
computer incorporating a display device having a piXel 
driver according to the present invention, 

[0033] FIG. 11 is a schematic vieW of a mobile telephone 
incorporating a display device having a piXel driver accord 
ing to the present invention, 

[0034] FIG. 12 is a schematic vieW of a digital camera 
incorporating a display device having a piXel driver accord 
ing to the present invention, 

[0035] FIG. 13 illustrates the application of the driver 
circuit of the present invention to a magnetic RAM, 

[0036] FIG. 14 illustrates the application of the driver 
circuit of the present invention to a magnetoresistive ele 
ment, 

[0037] FIG. 15 illustrates the application of the driver 
circuit of the present invention to a capacitance sensor or a 

charge sensor, 

[0038] FIG. 16 illustrates the application of the driver 
circuit of the present invention to a night vision camera, and 
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[0039] FIG. 17 is a brief outline of an alternative imple 
mentation of the circuit of FIG. 4. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0040] A pixel driver circuit according to a ?rst embodi 
ment of the present invention is shoWn in FIG. 3. Transistor 
T2 operates as an analog current control to provide the 
driving current to the OEL element. Also, the storage 
capacitor C1 is connected betWeen the gate and the source of 
transistor T2. In the circuit of FIG. 2, a current source is 
operatively connected to the source of transistor T2 by 
transistor T1, during the programming stage, and current is 
thus applied to the OEL element. In the embodiment of the 
present invention, transistor T1 operatively connects transis 
tor T2 to a current sink during the programming stage. That 
is, according to the present invention, during the program 
ming stage no current is supplied through transistor T2 to the 
OEL element. In the circuit of FIG. 3, the drain of transistor 
T2 is connected to the source of transistor T1 via the 
source/drain path of transistor T3. The source of transistor T1 
is connected to the gate of transistor T2 and the gates of 
transistors T1 and T3 are connected together. The program 
ming voltage VP is applied to the gates of T1 and T3. 
Transistor T4, Which is sWitched off during the programming 
stage, connects the drain of T2 and the source of T3 to the 
OEL element. During the programming stage, transistor T1 
operatively connects transistor T2 to a current sink Which is 
tied to ground or a reference voltage. 

[0041] The circuit of FIG. 3 operates in the programming 
stage With T4 sWitched off and T1 and T3 sWitched on. T3 
being sWitched on has the effect of making T2 act as a diode 
and T1 connects this diode to the data current sink. As a 
result, capacitor C1 charges (or discharges, depending on the 
voltage stored during the previous frame). Capacitor C1 
charges to the gate/source voltage of transistor T2 and thus 
stores the voltage (V652, corresponding to the data current 
IDAT) Which Will control the current supply to the OEL 
element during the reproduction stage. At the end of the 
programming stage, T1 and T3 are sWitched off. The voltage 
VG52 is stored on C1 for the remainder of the frame period. 
As Will be readily apparent from the circuit diagram and this 
description, in accordance With the present invention there is 
no requirement for a bias voltage to provide a current source. 
That is, the supply voltage (VDD) in FIG. 3 is determined by 
T2 and by the OEL element and there is no requirement for 
a high voltage to poWer a current source. The maximum 
voltage required by the circuit is thus signi?cantly less than 
that required by the circuit of FIG. 2. 

[0042] At the start of the programming stage, With T4 
sWitched off, it is found that the OEL element exhibits a 
parasitic capacitance Which discharges through the device. 
The rate of charging of C1 determines the time taken for the 
programming stage. In accordance With circuits embodying 
the present invention, the capacitance of C1 can be relatively 
small and thus the charging can be very rapid. As a conse 
quence, the period for Which no current is applied to the 
OEL element by T2 is very short compared With the Whole 
frame. These factors, together With the persistence of vision 
of the human eye means that there is no perceptible degra 
dation of a displayed image. 

[0043] The off resistance of T3 can be important, because 
after C1 has been charged and T3 is sWitched off, the off 
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resistance of T3 can affect the voltage across C1 for the rest 
of the frame period. Thus, the gate/source capacitance of T3 
should preferably be small compared With C1. 

[0044] The reproduction voltage VR is applied to the gate 
of transistor T4. At the beginning of the reproduction stage, 
in the circuit of FIG. 3, T4 is sWitched on and T1 and T3 
remain sWitched off. As a result, T2 acts as a current source 
With VG52 biased by C1, thus supplying current to the OEL 
element. At the end of the reproduction stage T4 is sWitched 
off, T1 and T3 remain sWitched off. This completes one cycle. 
The driving Waveform is indicated in FIG. 3. 

[0045] FIG. 4 illustrates a second embodiment according 
to the present invention. The circuit of FIG. 4 differs from 
that of FIG. 3 in the connection of transistor T3. In the 
circuit of FIG. 4. T1 is connected to C1 through the drain/ 
source path of T3. The circuit of FIG. 4 is preferred to that 
of FIG. 3 because T3 is not in the current path during the 
programming stage. OtherWise the operation and effects of 
the second embodiment are similar to those of the ?rst 
embodiment. 

[0046] FIG. 5 is a circuit diagram shoWing a number of 
pixels in an active matrix display, With each pixel imple 
mented in accordance With the circuit of FIG. 4. To simplify 
the illustration, a monochrome display device is shoWn. 
Since the circuit is of an active matrix, pixels on the same 
roW are addressed at the same time. Transistor T3 is respon 
sible for pixel addressing, so its source terminal is connected 
to the current data line shared by a column of pixels. 
Because of this the leakage current of T3 should be kept to 
a minimum. This can be ensured by using a multi-gate 
structure for T1. In addition to a multi-gate structure, a 
lightly doped drain (LDD) structure can also reduce the 
leakage current. 

[0047] FIG. 6 is a schematic cross-sectional vieW of the 
physical implementation of the pixel driver circuit in an 
OEL element structure. In FIG. 6, numeral 132 indicates a 
hole injection layer, numeral 133 indicates an organic EL 
layer, and numeral 151 indicates a resist or separating 
structure. The sWitching thin-?lm transistor 121 and the 
n-channel type current-thin-?lm transistor 122 adopt the 
structure and the process ordinarily used for a loW-tempera 
ture polysilicon thin-?lm transistor, such as are used for 
example in knoWn thin-?lm transistor liquid crystal display 
devices such as a top-gate structure and a fabrication process 
Wherein the maximum temperature is 600° C. or less. 
HoWever, other structures and processes are applicable. 

[0048] The forWard oriented organic EL display element 
131 is formed by: the pixel electrode 115 formed of A1, the 
opposite electrode 116 formed of ITO, the hole injection 
layer 132, and the organic EL layer 133. In the forWard 
oriented organic EL display element 131, the direction of 
current of the organic EL display device can be set from the 
opposite electrode 116 formed of ITO to the pixel electrode 
115 formed of A1. 

[0049] The hole injection layer 132 and the organic EL 
layer 133 may be formed using an ink-jet printing method, 
employing the resist 151 as a separating structure betWeen 
the pixels. The opposite electrode 116 formed of ITO may be 
formed using a sputtering method. HoWever, other methods 
may also be used for forming all of these components. 

[0050] The typical layout of a full display panel employ 
ing the present invention is shoWn schematically in FIG. 7. 
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The panel comprises an active matrix OEL element 200 With 
analogue current program pixels, an integrated TFT scan 
ning driver 210 With level shifter, a ?exible TAB tape 220, 
and an external analogue driver LSI 230 With an integrated 
RAM/controller. Of course, this is only one example of the 
possible panel arrangements in Which the present invention 
can be used. 

[0051] The structure of the organic EL display device is 
not limited to the one described here. Other structures are 
also applicable. 

[0052] With reference for example to the circuit of FIG. 3, 
it Will be appreciated that the invention provides a data 
current source—in this case for the OEL element. The circuit 
is readily extended so as to provide an ampli?ed and/or 
multiple level (current) output. The principle of such a 
circuit can be understood With reference to FIG. 8. the 
circuit of FIG. 8 comprises the circuit of FIG. 3 With an 
additional drive transistor T5 and an additional sWitching 
transistor T6 added. The source of T5 is connected to VDD 
and its gate receives the same drive voltage signal as is 
applied to the gate of transistor T2. The drain of transistor T5 
is series connected to the drain of transistor T6 and the 
source of T6 is connected to the common point of connection 
of transistors T2, T3 and T4. The gate of transistor T6 is 
connected to the gate of transistor T4. If it is assumed that the 
characteristic of transistor T2 is W/L and that the character 
istic of transistor T5 is selected to be (N—1)W/L then a 
current ampli?cation of: 

[0053] is achieved. Iin is the current Which ?oWs through 
the current sink, i.e. IDAT in FIGS. 3 and 4. IOut is the current 
Which ?oWs through the OEL element. Thus the circuit of 
FIG. 8 can be used to reduce the value of IDAT compared 
With the circuit of FIGS. 3 and 4, While maintaining the 
same current through the OEL element. Lowering the value 
of IDAT has the advantage of enabling the operating speed of 
the circuit to be increased. LoWering the value of IDAT also 
has the advantage of loWering the transmission loss expe 
rienced across a matrix of pixels, Which is particularly 
important With respect to large scale display panels. 

[0054] Of course, additional stages—each adding their 
oWn circuit of additional transistors T5 and T6—can be 
added. With the sWitching transistors T6 series connected 
and each receiving its oWn gate drive signal—as shoWn in 
FIG. 9 (A,B etc)—different current values can be selected to 
pass through the OEL element, resulting in different inten 
sities of light output. 

[0055] Preferably the circuits shoWn in FIGS. 3 to 9 are 
implemented using thin ?lm transistor (TFT) technology, 
most preferably in polysilicon. 

[0056] The present invention is particularly advantageous 
for use in small, mobile electronic products such as mobile 
phones, computers, CD players, DVD players and the like— 
although it is not limited thereto. 

[0057] Several electronic apparatuses using the above 
organic electroluminescent display device Will noW be 
described. 

[0058] <1: Mobile Computer> 

[0059] An example in Which the display device according 
to one of the above embodiments is applied to a mobile 
personal computer Will noW be described. 
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[0060] FIG. 10 is an isometric vieW illustrating the con 
?guration of this personal computer. In the draWing, the 
personal computer 1100 is provided With a body 1104 
including a keyboard 1102 and a display unit 1106. The 
display unit 1106 is implemented using a display panel 
fabricated according to the present invention, as described 
above. 

[0061] <2: Portable Phone> 

[0062] Next, an example in Which the display device is 
applied to a display section of a portable phone Will be 
described. FIG. 11 is an isometric vieW illustrating the 
con?guration of the portable phone. In the draWing, the 
portable phone 1200 is provided With a plurality of operation 
keys 1202, an earpiece 1204, a mouthpiece 1206, and a 
display panel 100. This display panel 100 is implemented 
using a display panel fabricated according to the present 
invention, as described above. 

[0063] <3: Digital Still Camera> 

[0064] Next, a digital still camera using an OEL display 
device as a ?nder Will be described. FIG. 12 is an isometric 
vieW illustrating the con?guration of the digital still camera 
and the connection to external devices in brief. 

[0065] Typical cameras sensitiZe ?lms based on optical 
images from objects, Whereas the digital still camera 1300 
generates imaging signals from the optical image of an 
object by photoelectric conversion using, for example, a 
charge coupled device (CCD). The digital still camera 1300 
is provided With an OEL element 100 at the back face of a 
case 1302 to perform display based on the imaging signals 
from the CCD. Thus, the display panel 100 functions as a 
?nder for displaying the object. A photo acceptance unit 
1304 including optical lenses and the CCD is provided at the 
front side (behind in the draWing) of the case 1302. 

[0066] When a cameraman determines the object image 
displayed in the OEL element panel 100 and releases the 
shutter, the image signals from the CCD are transmitted and 
stored to memories in a circuit board 1308. In the digital still 
camera 1300, video signal output terminals 1312 and input/ 
output terminals 1314 for data communication are provided 
on a side of the case 1302. As shoWn in the draWing, a 
television monitor 1430 and a personal computer 1440 are 
connected to the video signal terminals 1312 and the input/ 
output terminals 1314, respectively, if necessary. The imag 
ing signals stored in the memories of the circuit board 1308 
are output to the television monitor 1430 and the personal 
computer 1440, by a given operation. 

[0067] Examples of electronic apparatuses, other than the 
personal computer shoWn in FIG. 10, the portable phone 
shoWn in FIG. 11, and the digital still camera shoWn in FIG. 
12, include OEL element television sets, vieW-?nder-type 
and monitoring-type video tape recorders, car navigation 
systems, pagers, electronic notebooks, portable calculators, 
Word processors, Workstations, TV telephones, point-of 
sales system (POS) terminals, and devices provided With 
touch panels. Of course, the above OEL device can be 
applied to display sections of these electronic apparatuses. 

[0068] The driver circuit of the present invention can be 
disposed not only in a pixel of a display unit but also in a 
driver disposed outside a display unit. 
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[0069] In the above, the driver circuit of the present 
invention has been described With reference to various 
display devices. The applications of the driver circuit of the 
present invention are much broader than just display devices 
and include, for example, its use With a magnetoresistive 
RAM, a capacitance sensor, a charge sensor, a DNA sensor, 
a night vision camera and many other devices. 

[0070] FIG. 13 illustrates the application of the driver 
circuit of the present invention to a magnetic RAM. In FIG. 
13 a magnetic head is indicated by the reference MH. 

[0071] FIG. 14 illustrates the application of the driver 
circuit of the present invention to a magnetoresistive ele 
ment. In FIG. 14 a magnetic head is indicated by the 
reference MH. and a magnetic resistor is indicated by the 
reference MR. 

[0072] FIG. 15 illustrates the application of the driver 
circuit of the present invention to a capacitance sensor or a 
charge sensor. In FIG. 15 a sense capacitor is indicated by 
the reference CSenSe. The circuit of FIG. 15 is also applicable 
to other applications, such as a ?ngerprint sensor and a DNA 
sensor. 

[0073] FIG. 16 illustrates the application of the driver 
circuit of the present invention to a night vision camera. In 
FIG. 16 a photoconductor is indicated by reference R. 

[0074] In the embodiments illustrated With reference to the 
above speci?c description the transistors have been shoWn 
as p-channel type transistors. This is not limiting of the 
invention. For eXample, FIG. 17 is a brief outline of an 
alternative implementation of the circuit of FIG. 4. In FIG. 
17 n-channel transistors are used throughout the circuit, 
eXcept for the drive transistor Which is retained as a p-chan 
nel transistor. 

[0075] It Will be apparent to persons skilled in the art that 
other variations and modi?cations can be made to the 
arrangements described With respect to FIGS. 3 to 16 
Without departing from the scope of the invention. 

What is claimed is: 
1. Acircuit to drive a current driven element, comprising: 

a ?rst transistor having a ?rst terminal, a second terminal 
and a ?rst gate; 

a capacitor connected to the ?rst gate of the ?rst transistor; 
and 

a second transistor having a third terminal, a fourth 
terminal and a second gate, 

the ?rst terminal being electrically connected to the ?rst 
gate thorough the second transistor When the second 
transistor is in an on-state, 

the ?rst terminal being connected to the third terminal, 

the fourth terminal being connected to the capacitor, and 

a capacitance betWeen the second gate and the third 
terminal being loWer than a capacitance of the capaci 
tor. 

2. Acircuit to drive a current driven element, comprising: 

a ?rst transistor having a ?rst terminal, a second terminal 
and a ?rst gate; 
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a capacitor connected to the ?rst gate of the ?rst transistor; 
and 

a second transistor having a third terminal, a fourth 
terminal and a second gate, 

the ?rst terminal being electrically connected to the ?rst 
gate thorough the second transistor When the second 
transistor is in an on-state, 

the ?rst terminal being connected to the third terminal, 

the fourth terminal being connected to the capacitor, 

a capacitance betWeen the second gate and the third 
terminal being loWer than a capacitance of the capaci 
tor, and 

a ?rst gate voltage of the ?rst gate being determined by a 
data current ?oWing through the ?rst transistor. 

3. The circuit according to claim 2, 

further comprising a third transistor connected to the ?rst 
terminal, 

the ?rst gate voltage being determined by a data current 
?oWing through the ?rst transistor and the third tran 
sistor. 

4. The circuit according to claim 3, 

at least one of the second transistor and the third transistor 
having a structure to reduce a leakage current. 

5. The circuit according to claim 4, 

the structure being one of a multi-gate structure and a 
lightly doped drain structure. 

6. The circuit according to claim 3, 

the third transistor having a structure to reduce a leakage 
current. 

7. The circuit according to claim 1, 

a ?rst gate voltage of the ?rst gate being determined by a 
data current ?oWing through the ?rst transistor When 
the ?rst terminal is electrically connected to the capaci 
tor through the second transistor. 

8. An electro-optical device comprising the circuit accord 
ing to claim 1. 

9. An electro-optical device having a plurality of piXels, 
each of the plurality of piXels comprising: 

a current driven element; 

a ?rst transistor having a ?rst terminal, a second terminal 
and a ?rst gate; 

a capacitor connected to the ?rst gate of the ?rst transistor; 
and 

a second transistor having a third terminal, a fourth 
terminal and a second gate, 

the ?rst terminal being electrically connected to the ?rst 
gate thorough the second transistor When the second 
transistor is in an on-state, 

the ?rst terminal being connected to the third terminal, 

the fourth terminal being connected to the capacitor, 

a capacitance betWeen the second gate and the third 
terminal being loWer than a capacitance of the capaci 
tor, 
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a ?rst gate voltage of the ?rst gate being determined by a 
data current ?owing through the ?rst transistor When 
the second transistor is in an on-state, and 

the ?rst gate voltage determined by the data current 
determining a current level of a driving current sup 
plied to the current driven element. 

10. The electro-optical device according to claim 9, 

each of the plurality of pixels further comprising a third 
transistor, 

at least one of the second transistor and the third transistor 
having a structure to reduce a leakage current. 

11. The electro-optical device according to claim 9, 

each of the plurality of piXels further comprising a third 
transistor connected to the ?rst terminal, 

the data current ?oWing through the ?rst transistor and the 
third transistor. 
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12. The electro-optical device according to claim 10, 

the structure to reduce a leakage current being one of a 
rnulti-gate structure and a lightly doped drain structure. 

13. The electro-optical device according to claim 9, 

the current driven element being an electrolurninescent 
element. 

14. The electro-optical device according to claim 9, 

each of the plurality of piXels further comprising a fourth 
transistor, 

the driving current ?oWing through the ?rst transistor and 
the fourth transistor. 

15. The electro-optical device according to claim 11, 

the second transistor and the third transistor being con 
trolled by a same signal. 

16. An electronic apparatus comprising the electro-optical 
device according to claim 9. 

* * * * * 


