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DESCRIPTION

PHOTOELECTRIC CONVERSION DEVICEAND ELECTRONIC DEVICE

HAVINGTHE SAME

TECHNICALFIELD

[0001]

The present invention relates to a photoelectric conversion device and

especially relates to a photoelectric conversion device including a thin film

semiconductor element, and an electronic device provided with the photoelectric

conversion device.

BACKGROUNDART

[0002]

A large number of photoelectric conversion devices generally used for

detecting an electromagnetic wave are known. For example, photoelectric conversion

devices having sensitivity to light from ultra-violet rays to infrared rays are referred to

as optical sensors in general. Among them, an optical sensor having sensitivity in a

visible light region with a wavelength of 400 to 700 nm is particularly referred to as a

visible light sensor, and a large number of visible light sensors are used for devices

which need illuminance adjustment, on/off control, or the like depending on human

living environment.

[0003]

In some display devices, ambient brightness of the display device is detected to

adjust display luminance. This is because unnecessary electric power of the display

device can be reduced by detecting ambient brightness by an optical sensor and

obtaining appropriate display luminance. For example, examples of display devices

which have an optical sensor for adjusting luminance include mobile phone and

computer.

[0004]

In addition, not only ambient brightness but also luminance of a display device,

in particular, luminance of a backlight of a liquid crystal display device is detected by

an optical sensor to adjust luminance of a display screen.

[0005]



In an optical sensor, a photoelectric conversion element such as a photodiode is

used for a light sensing part, and an output current of the photoelectric conversion

element is amplified in an amplifier circuit. For example, a current mirror circuit is

used as the amplifier circuit of the optical sensor (for example, see Reference 1:

Japanese Patent No. 3444093).

DISCLOSURE OF INVENTION

[0006]

An optical sensor shown in Reference 1 can detect weak light with a circuit for

amplifying the photocurrent. However, when weak light to strong light is detected, the

range of output current becomes wider, and output voltage increases in linear proportion

to illuminance in the case where the output current is converted into voltage by an

external load resistor or the like. Accordingly, when the output voltage with respect to

the wide range of illuminance is obtained, the output voltage with respect to illuminance

is several mV for weak light, and is several V for strong light. Therefore, there is a

problem in that wide dynamic range cannot be obtained.

[0007]

In order to solve the above-described problem, a photoelectric conversion

device of the present invention enables an applicable illuminance range to be widened

by providing a plurality of transistors in parallel whose ratios of channel length L to

channel width W, a = WIL, are different from each other as transistors on the output side

(hereinafter referred to as output side transistors) of a current mirror circuit which

amplifies a photocurrent.

[0008]

In the photoelectric conversion device of the present invention, a plurality of

transistors whose ratios of channel length L to channel width W, a = WIL, are different

from each other are provided in parallel as output side transistors of a current mirror

circuit which amplifies a photocurrent. When an internal resistor is connected to each

of the output side transistors in series and the total sum of currents which flow through

the plurality of transistors is output, a transistor with large amount of a can be driven

with low illuminance in a linear region, and a transistor with small amount of a can be



driven with high illuminance in a linear region; by using this, the photoelectric

conversion device of the present invention can have a wider applicable illuminance

range.

BRIEF DESCRIPTION OF DRAWINGS

[0009]

In the accompanying drawings:

FIG 1 is a diagram illustrating a circuit configuration of a photoelectric

conversion device of the present invention;

FIG 2 is a diagram illustrating a configuration of an output generation circuit in

the photoelectric conversion device of the present invention;

FIG 3 is a diagram illustrating a voltage-current characteristic of the output

generation circuit in the photoelectric conversion device of the present invention;

FIG 4 is a diagram illustrating an illuminance-current characteristic of the

output generation circuit in the photoelectric conversion device of the present invention;

FIG 5A is a diagram illustrating an illuminance-current characteristic of the

output generation circuit, FIG 5B is a diagram illustrating a sum of illuminance-current

characteristics of the output generation circuits, and FIG 5C is a diagram illustrating a

sum of illuminance-voltage characteristics of the output generation circuits in the

photoelectric conversion device of the present invention;

FIG 6 is a diagram illustrating a circuit configuration of a photoelectric

conversion device of the present invention;

FIG 7A is a diagram illustrating a sum of illuminance-current characteristics of

output generation circuits and FIG 7B is a diagram illustrating a sum of

illuminance-voltage characteristics of the output generation circuits in the photoelectric

conversion device of the present invention;

FIGS. 8A to 8D are diagrams illustrating a manufacturing method of a

photoelectric conversion circuit of the present invention;

FIGS. 9A to 9C are diagrams illustrating the manufacturing method of the

photo electric conversion circuit of the present invention;

FIGS. 1OA to 1OD are diagrams illustrating a manufacturing method of a

photoelectric conversion circuit of the present invention;



FIGS. H A to H E are diagrams illustrating a manufacturing method of a

photoelectric conversion circuit of the present invention;

FIGS. 12A to 12C are diagrams illustrating the manufacturing method of the

photoelectric conversion circuit of the present invention;

FIG 13 is a cross-sectional view of a photoelectric conversion circuit of the

present invention;

FIGS. 14A and 14B are cross-sectional views of photoelectric conversion

circuits of the present invention;

FIGS. 15A and 15B are cross-sectional views of photoelectric conversion

circuits of the present invention;

FIG 16 is a diagram illustrating a device provided with a photoelectric

conversion device of the present invention;

FIGS. 17A and 17B are diagrams each illustrating a device provided with a

photoelectric conversion device of the present invention;

FIGS. 18A and 18B are diagrams each illustrating a device provided with a

photoelectric conversion device of the present invention;

FIG 19 is a diagram illustrating a device provided with a photoelectric

conversion device of the present invention;

FIGS. 2OA and 2OB are diagrams illustrating a device provided with a

photoelectric conversion device of the present invention;

FIG 2 1 is a diagram illustrating a circuit configuration of a photoelectric

conversion device of the present invention; and

FIG 22 is a diagram illustrating a circuit configuration of a photoelectric

conversion device of the present invention.

BEST MODE FOR CARRYING OUTTHE INVENTION

[0010]

Hereinafter, embodiment modes of the present invention will be described with

reference to the drawings. However, the present invention can be embodied in many

different modes and it is easily understood by those skilled in the art that modes and

details can be variously changed without departing from the scope and the spirit of the

present invention. Therefore, the present invention should not be limited to the



descriptions of the embodiment modes below. In all the drawings used for describing

the embodiment modes, the same portions or portions having similar functions may be

denoted by the same reference numerals, and the repeated description thereof will be

omitted.

[0011]

Note that it is difficult to distinguish a source electrode and a drain electrode

because of a structure of a transistor. Further, levels of a potential are switched

depending on an operation of a circuit in some cases. Therefore, in this specification, a

source electrode and a drain electrode are each referred to as a first electrode or a

second electrode without particular identification. For example, when the first

electrode is a source electrode, the second electrode refers to a drain electrode, whereas

the second electrode refers to a source electrode when the first electrode is a drain

electrode.

[0012]

Note that "connected" in this specification is a synonymous with "electrically

connected." Therefore, in a structure disclosed by the present invention, in addition to

a predetermined connection relation, other elements that enable electrical connection

therebetween (for example, another element or switch) may also be disposed.

[0013]

(Embodiment Mode 1)

This embodiment mode will be described with reference to accompanying

drawings. FIG. 1 illustrates a circuit configuration of a photoelectric conversion device

in Embodiment Mode 1 of the present invention.

[0014]

The photoelectric conversion device in this embodiment mode includes a

photoelectric conversion element 103, a current mirror circuit 101 which is an amplifier

circuit for amplifying an output current (also referred to as a photocurrent) from the

photoelectric conversion element 103, three internal resistors 106a to 106c, a load

resistor 107, a high potential side power supply line 108, a low potential side power

supply line 109, and an output terminal 110. The current mirror circuit 101 includes a

reference side transistor 104 and three output side transistors 105a to 105c.

[0015]



Note that in FIG 1, the reference side transistor 104 and the output side

transistors 105a to 105c are p-channel field effect transistors.

[0016]

Note that in this specification, a power supply potential on a high potential side

is denoted as VDD, and a power supply potential on a low potential side is denoted as

VSS.

[0017]

In FIG 1, a first electrode and a gate electrode of the reference side transistor

104 are diode-connected to each other. The first electrode of the reference side

transistor 104 is connected to a cathode of the photoelectric conversion element 103, the

gate electrode of the reference side transistor 104 is connected to each of gate electrodes

of the three output side transistors 105a to 105c, and a second electrode of the reference

side transistor 104 is connected to the high potential side power supply line 108.

[0018]

A first electrode of the output side transistor 105a is connected to one terminal

of the internal resistor 106a, and a second electrode of the output side transistor 105a is

connected to the high potential side power supply line 108. The other terminal of the

internal resistor 106a is connected to one terminal of the load resistor 107. In this

specification, a circuit in which the output side transistor 105a and the internal resistor

106a are connected in series is referred to as an output generation circuit 102a.

[0019]

In a similar manner, a first electrode of the output side transistor 105b is

connected to one terminal of the internal resistor 106b, and a second electrode of the

output side transistor 105b is connected to the high potential side power supply line 108.

The other terminal of the internal resistor 106b is connected to one terminal of the load

resistor 107. In this specification, a circuit in which the output side transistor 105b and

the internal resistor 106b are connected in series is referred to as an output generation

circuit 102b.

[0020]

In a similar manner, a first electrode of the output side transistor 105c is

connected to one terminal of the internal resistor 106c, and a second electrode of the

output side transistor 105c is connected to the high potential side power supply line 108.



The other terminal of the internal resistor 106c is connected to one terminal of the load

resistor 107. In this specification, a circuit in which the output side transistor 105c and

the internal resistor 106c are connected in series is referred to as an output generation

circuit 102c.

[0021]

One terminal of the load resistor 107 is connected to the output terminal 110.

An anode of the photoelectric conversion element 103 and the other terminal of the load

resistor 107 are connected to the low potential side power supply line 109.

[0022]

Next, operation of the photoelectric conversion device of this embodiment

mode will be described.

[0023]

The photoelectric conversion element 103 outputs a photocurrent

corresponding to the illuminance of light which is incident on the photoelectric

conversion element 103. As the illuminance increases, the photocurrent output from

the photoelectric conversion element 103 increases. When the photocurrent output

from the photoelectric conversion element 103 flows to the reference side transistor 104,

a potential difference is made between a gate and a source of the reference side

transistor 104. The potential difference is applied between a gate and a source of each

of the output side transistors 105a tol05c. In the current mirror circuit 101, the same

voltage is applied to the gate electrodes of the reference side transistor 104 and the

output side transistors 105a to 105c so that a current which flows through the output

side transistors 105a to 105c is controlled with the photocurrent which has flowed

through the reference side transistor 104 as a reference.

[0024]

A current in accordance with the photocurrent flows through the output side

transistors 105a to 105c, whereby output currents are generated in the output generation

circuits 102a to 102c. Operation of the output generation circuits 102a to 102c will be

described later. The sum of the output currents generated by the plurality of output

generation circuits 102a to 102c flows through the load resistor 107. Thus, a potential

difference is made between the terminals of the load resistor 107. When the potential

difference is RL and an output voltage is Voxit, a voltage of VovΛ= V + VSS, is output



from the output terminal 110.

[0025]

Next, the operation of the output generation circuits 102a to 102c will be

described with reference to FIGS. 2 to 4.

[0026]

FIG 2 is a diagram illustrating a structure of the output generation circuit 102a.

The output side transistor 105a and the internal resistor 106a are connected in series.

A gate voltage which is generated in accordance with the photocuπ ent is applied to a

gate electrode of the output side transistor 105a. The gate voltage is denoted as Fgate.

In addition, a potential of a second electrode of the internal resistor 106a is the output

potential Fbut.

[0027]

FIG 3 shows voltage-current characteristics of the output side transistor 105a

and the internal resistor 106a, in which a current which flows through the output

generation circuit 102a is / and a potential of a connection portion between the output

side transistor 105a and the internal resistor 106a is V. In FIG 3, a vertical axis

represents a current and a horizontal axis represents a voltage. In FIG 3, a curve 301

represents a voltage-current characteristic of the output side transistor 105a in the case

where light with an illuminance L1 (a unit : lux) is incident on the photoelectric

conversion element. A curve 302 represents a voltage-current characteristic of the

output side transistor 105a in the case where light with an illuminace OfL 2 (Li < L2) is

incident on the photoelectric conversion element. In addition, a straight line 303

represents a voltage-current characteristic of the internal resistor 106a. The output

generation circuit 102a operates with the voltage V and the current / which correspond

to an intersection (this is referred to as an operation point) of the curve showing the

voltage-current characteristic of the output side transistor 105a and the straight line

showing the voltage-current characteristic of the internal resistor 106a.

[0028]

When the light with the illuminance Li enters, the output side transistor 105a

has the voltage-current characteristic shown by the curve 301 and an operation point of

the output generation circuit 102a is a point 304 which is an intersection of the curve

301 and the straight line 303. Then, a current I flows through the output generation



circuit 102a.

[0029]

At that time, the output side transistor 105a operates in a saturation range.

The saturation range is a range in which a magnitude relation of a voltage FGS between

the gate and the source, a voltage FDS between a drain and the source, and a threshold

voltage FTH of the output side transistor 105a is |FGS - VTH\ < |FDS|. In this range,

a current which depends only on the voltage FGS between the gate and the source of the

output side transistor 105a flows through the output side transistor 105a. Therefore, a

current which is in proportion to the illuminance flows through the output generation

circuit 102a.

[0030]

In the case where light with the illuminance which is higher than the

illuminance L enters, a current which is in proportion to the illuminance flows through

the output generation circuit 102a when the illuminance is within a range in which the

output side transistor 105a operates in the saturation range.

[0031]

In the case where the illuminance is further increased and light with the

illuminance L2 enters, the output side transistor 105a has the voltage-current

characteristic shown by the curve 302. At that time, an operation point of the output

generation circuit 102a is a point 305 and a current / 2 flows through the output

generation circuit 102a.

[0032]

At that time, the output side transistor 105a operates in a linear range. The

linear range is a range in which a magnitude relation of the voltage FGS between the

gate and the source, the voltage FDS between the drain and the source, and the

threshold voltage FTH of the output side transistor 105a is |FGS - FTH| > |FDS|. In

this range, a current which depends on the voltage FGS between the gate and the source

and the voltage FDS between the drain and the source of the output side transistor 105a

flows through the output side transistor 105a. Therefore, the current which flows

through the output generation circuit 102a is not in proportion to the illuminance and

gradually becomes closer to /max. Note that /max is represented by (VDD - Fout) /



Ri. It is to be noted that R i is a resistance value of the internal resistor 106.

[0033]

Here, an illuminance-current characteristic of the output generation circuit 102a

is shown in FIG 4. In FIG 4, a horizontal axis represents an illuminance and a vertical

axis represents the current which flows through the output generation circuit 102a.

Both of them are represented in a logarithm scale.

[0034]

As described above, a current which is in proportion to the illuminance flows

through the output generation circuit 102a when the illuminance is within a range in

which the output side transistor 105a operates in the saturation range (for example, the

illuminance Li). On the other hand, when the illuminance is within a range in which

the output side transistor 105a operates in the linear range (for example, the illuminance

L2), the current which flows through the output generation circuit 102a is not in

proportion to the illuminance and gradually becomes closer to /max.

[0035]

Although the output generation circuit 102a has been described so far, the

output generation circuit 102b and the output generation circuit 102c also operate in a

similar manner.

[0036]

Next, the operation of the photoelectric conversion device of this embodiment

mode will be described again. In the photoelectric conversion device of this

embodiment mode, a plurality of output generation circuits which perform the operation

described above is connected in parallel. Here, operation of the circuits in the case

where the three output generation circuits 102a to 102c are connected in parallel as

shown in FIG 1 will be described.

[0037]

In the three output generation circuits 102a to 102c, ratios of a channel length L

to a channel width W, a = WIL, of the output side transistors 105a to 105c are made

different from each other. For example, a of the first output side transistor 105a is αi,

a of the second output side transistor 105b is 2, and the a of the third output side

transistor 105c is 3. A magnitude relation thereof is c > α2 > α3. Preferably, a is



set as follows: ori/α = approximately 10 and Ohjaϊ- = approximately 10.

[0038]

Note that resistance values of the internal resistors 106a to 106c are set to be

the same for convenience of explanation. However, the resistance values of the

internal resistors 106a to 106c are not limited thereto and may be different from each

other.

[0039]

Operation of the circuit shown in FIG 1 in that case is illustrated in FIGS. 5A

to 5C. FIG 5A shows illuminance-current characteristics of the output generation

circuits 102a to 102c. In FIG 5A, a horizontal axis represents an illuminance and a

vertical axis represents currents which flow through the output generation circuits 102a

to 102c. Both of them are represented in a logarithm scale.

[0040]

Note that a curve 501a represents the illuminance-current characteristic of the

first output generation circuit 102a, a curve 501b represents the illuminance-current

characteristic of the second output generation circuit 102b, and a curve 501c represents

the illuminance-current characteristic of the third output generation circuit 102c.

[0041]

In the output generation circuits 102a to 102c, as a of the output side

transistors 105a to 105c becomes larger, the output side transistors 105a to 105c can be

driven in the linear range with a lower illuminance because each of the output side

transistors 105a to 105c is connected to one of the internal resistors 106a to 106c in

series. Therefore, as a of the output side transistors 105a to 105c becomes larger, the

current which flows through the output generation circuits 102a to 102c hits a peak with

a lower illuminance.

[0042]

The sum of the currents which flow through the output generation circuits 102a

to 102c is an output current (the output current is denoted as /out) of the photoelectric

conversion device of this embodiment mode. Then, the output current flows through

the load resistor 107 and a sum of a potential difference generated in the load resistor

107 and VSS is output as the output voltage Fbut.



[0043]

Here, the sum (the output current) of the currents which flow through the

output generation circuits 102a to 102c is shown in FIG 5B. In addition, the output

voltage out is shown in FIG 5C. In FIGS. 5B and 5C, a horizontal axis represents

the illuminance which is shown in a logarithm scale and a vertical axis represents the

output current or the output voltage which is shown in a linear scale.

[0044]

Since the output current /out is the sum of the currents which flow through the

output generation circuit 102a to 102c, the output current /out has a characteristic which

is almost in proportion to a logarithm of the illuminance as shown in FIG 5B. In

addition, the output voltage Fbut also has a characteristic which is in almost proportion

to the logarithm of the illuminance.

[0045]

In this manner, in the photoelectric conversion device of this embodiment

mode, an output which is almost in proportion to a logarithm of illuminance can be

obtained and an illuminance range applicable for the photoelectric conversion device

can be widened.

[0046]

Although three output generation circuits are connected in parallel in the circuit

shown in FIG 1, the number of the output generation circuits are not limited thereto as

long as a plurality of the output generation circuits is provided. By increasing the

number of the output generation circuits, the illuminance range which is applicable for

the photoelectric conversion device can be widened and a change in the output with

respect to the illuminance can be made small.

[0047]

Note that the load resistor 107 may be incorporated in the photoelectric

conversion device or an external resistor such as a chip resistor can be attached as the

load resistor 107. When the load resistor 107 is incorporated in the photoelectric

conversion device, the external resistor is not necessary, whereby the number of steps

and parts for connecting the external resistor can be reduced. In addition, since an area

for the external resistor is unnecessary, an area of a photoelectric conversion portion of

an electronic device or the like can be made small. On the other hand, when the load



resistor 107 is an external resistor, influence of a variation in a load resistance

(especially a variation in resistance with respect to temperature) can be suppressed.

[0048]

Although the circuit shown in FIG 1 is formed of p-channel transistors,

n-channel transistors can also be used. A circuit configuration in which n-channel

transistors are used is shown in FIG 6.

[0049]

A photoelectric conversion device shown in FIG 6 includes a photoelectric

conversion element 603, a current mirror circuit 601 which is an amplifier circuit for

amplifying an output current (also referred to as a photocurrent) from the photoelectric

conversion element 603, three internal resistors 606a to 606c, a load resistor 607, a high

potential side power supply line 608, a low potential side power supply line 609, and an

output terminal 610. The current mirror circuit 601 includes a reference side transistor

604 and three output side transistors 605a to 605c.

[0050]

Note that the reference side transistor 604 and the output side transistors 605a

to 605c are all n-channel field effect transistors in FIG 6.

[0051]

Note that a power supply potential on the high potential side is denoted as

VDD and a power supply potential on the low potential side is denoted as VSS.

[0052]

In FIG 6, a first electrode and a gate electrode of the reference side transistor

604 are diode-connected to each other. The first electrode of the reference side

transistor 604 is connected to an anode of the photoelectric conversion element 603, the

gate electrode of the reference side transistor 604 is connected to each of gate electrodes

of the three output side transistors 605a to 605c, and a second electrode of the reference

side transistor 604 is connected to the low potential side power supply line 609.

[0053]

A first electrode of the output side transistor 605a is connected to one terminal

of the internal resistor 606a, and a second electrode of the output side transistor 605a is

connected to the low potential side power supply line 609. The other terminal of the

internal resistor 606a is connected to one terminal of the load resistor 607. In this



specification, a circuit in which the output side transistor 605a and the internal resistor

606a are connected in series is referred to as an output generation circuit 602a.

[0054]

In a similar manner, a first electrode of the output side transistor 605b is

connected to one terminal of the internal resistor 606b, and a second electrode of the

output side transistor 605b is connected to the low potential side power supply line 609.

The other terminal of the internal resistor 606b is connected to one terminal of the load

resistor 607. In this specification, a circuit in which the output side transistor 605b and

the internal resistor 606b are connected in series is referred to as an output generation

circuit 602b.

[0055]

In a similar manner, a first electrode of the output side transistor 605c is

connected to one terminal of the internal resistor 606c, and a second electrode of the

output side transistor 605c is connected to the low potential side power supply line 609.

The other terminal of the internal resistor 606c is connected to one terminal of the load

resistor 607. In this specification, a circuit in which the output side transistor 605c and

the internal resistor 606c are connected in series is referred to as an output generation

circuit 602c.

[0056]

One terminal of the load resistor 607 is connected to the output terminal 610.

A cathode of the photoelectric conversion element 603 and the other terminal of the load

resistor 607 are connected to the high potential side power supply line 608.

[0057]

The circuit shown in FIG. 6 has a structure which is basically similar to that of

the circuit shown in FIG 1 and performs circuit operation basically similar to that of the

circuit shown in FIG 1. A difference between the circuits shown in FIG 1 and FIG 6

is an output voltage Fbut. In the case of the circuit shown in FIG 6, when a potential

difference between the terminals of the load resistor 607 is RL, a voltage of Fbut =

VDD - V L is output from the output terminal 610.

[0058]

Here, FIGS. 7A and 7B show an illuminance characteristic of an output of the

circuit shown in FIG 6. FIG 7A shows an illuminance characteristic of an output



o

current /out, and a vertical axis represents an output current (a linear scale) and a

horizontal axis represents an illuminance (a logarithm scale). FIG 7B shows an

illuminance characteristic of an output voltage OUt, and a vertical axis represents an

output voltage (a linear scale) and a horizontal axis represents an illuminance (a

logarithm scale).

[0059]

In the circuit shown in FIG 1, as the illuminance increases, the output voltage

Fbut increases as shown in FIG 5C. On the other hand, in the circuit shown in FIG 6,

as the illuminance increases, the output voltage out decreases. In either case, the

output current /out has a characteristic which is almost in proportion to the logarithm of

the illuminance. In addition, the output voltage Fout also has a characteristic which is

almost in proportion to the logarithm of the illuminance.

[0060]

In this manner, in the photoelectric conversion device of this embodiment

mode, the output which is almost in proportion to the logarithm of the illuminance can

be obtained and an illuminance range which is applicable for the photoelectric

conversion device can be widened.

[0061]

Although three output generation circuits are connected in parallel in the circuit

shown in FIG 6, the number of the output generation circuits are not limited thereto as

long as a plurality of the output generation circuits is provided. By increasing the

number of the output generation circuits, the illuminance range which is applicable for

the photoelectric conversion device can be widened and a change in the output with

respect to the illuminance can be made small.

[0062]

Since the photoelectric conversion device shown in this embodiment mode can

be formed of only either n-channel transistors or p-channel transistors, the number of

manufacturing steps of transistors and cost can be reduced. In addition, a variation in

circuit characteristics caused by manufacturing process can be suppressed.

[0063]

As the photoelectric conversion element described in this embodiment mode,

an element such as a general photo diode which converts light energy into electric



energy can be used.

[0064]

Note that a variety of types of field effect transistors can be employed as

n-channel transistors and p-channel transistors described in this embodiment mode.

Thus, there are no limitations on types of transistors used. For example, a thin film

transistor (a TFT) including a non-single crystal semiconductor film typified by

amorphous silicon, polycrystalline silicon, microcrystalline (also referred to as

semi-amorphous) silicon, or the like can be employed. In the case of using the TFT,

there are various advantages. For example, since the TFT can be formed at

temperature lower than that of the case of using single-crystal silicon, manufacturing

cost can be reduced and a manufacturing apparatus can be made larger. Since the

manufacturing apparatus can be large, the TFT can be formed over a large substrate.

Therefore, a large number of photoelectric conversion devices can be formed at the

same time so that manufacturing cost can be low. In addition, a substrate having low

heat resistance can be used because the TFT can be manufactured at low temperature.

Therefore, the transistor can be formed over a light-transmitting substrate.

Accordingly, transmission of light in a photoelectric conversion element can be

controlled by using the transistor formed over the light-transmitting substrate.

[0065]

By using a catalyst (e.g., nickel) in the case of forming polycrystalline silicon,

crystallinity can be further improved and a transistor having excellent electric

characteristics can be formed. Accordingly, circuits which are operated at high speed

can be formed over the same substrate. By using a catalyst (e.g., nickel) in the case of

forming microcrystalline silicon, crystallinity can be further improved and a transistor

having excellent electric characteristics can be formed. At this time, crystallinity can

be improved by performing heat treatment without performing laser irradiation. In the

case of not using a laser for crystallization, crystallinity unevenness of silicon can be

suppressed. Therefore, a difference between characteristics of transistors can be

suppressed. Note that polycrystalline silicon and microcrystalline silicon can be

formed without using a catalyst (e.g., nickel).

[0066]

In addition, a transistor can be formed by using a semiconductor substrate, an



SOI substrate, or the like. Therefore, transistors with few variations in characteristics,

sizes, shapes, or the like, with high current supply capacity, and in a small size can be

formed. By using such transistors, power consumption of a circuit can be reduced or a

circuit can be highly integrated.

[0067]

Alternatively, a transistor including a compound semiconductor or an oxide

semiconductor such as ZnO, a-InGaZnO, SiGe, GaAs, indium zinc oxide (IZO), indium

tin oxide (ITO), or tin oxide (SnO), a thin film transistor obtained by thinning such a

compound semiconductor or an oxide semiconductor, or the like can be used. Thus,

manufacturing temperature can be lowered and for example, such a transistor can be

formed at room temperature. Accordingly, the transistor can be formed directly on a

substrate having low heat resistance such as a plastic substrate or a film substrate.

[0068]

Alternatively, a transistor formed by using an inkjet method or a printing

method, or the like can also be used. Accordingly, a transistor can be formed at room

temperature, can be formed at a low vacuum, or can be formed over a large substrate.

In addition, since the transistor can be formed without using a mask (a reticle), a layout

of the transistor can be easily changed. Further, since it is not necessary to use a resist,

material cost is reduced and the number of steps can be reduced. Furthermore, since a

film is formed only in a necessary portion, a material is not wasted compared with a

manufacturing method in which etching is performed after the film is formed over the

entire surface, so that cost can be reduced.

[0069]

Alternatively, a transistor including an organic semiconductor or a carbon

nanotube, or the like can be used. Accordingly, such a transistor can be formed using

a substrate which can be bent. Therefore, a device using a transistor including an

organic semiconductor or a carbon nanotube, or the like can resist a shock.

[0070]

A variety of types of transistors can be used for a field effect transistor and the

transistor can be formed over a variety of types of substrates. Accordingly, all of

circuits which are necessary to realize a predetermined function may be formed over the

same substrate. For example, all of the circuits which are necessary to realize the



predetermined function may be formed over a glass substrate, a plastic substrate, a

single-crystal substrate, an SOI substrate, or may be formed over various substrates.

By forming a field effect transistor using a thin film transistor, the photoelectric

conversion device of this embodiment mode can be formed over a light-transmitting

substrate such as a glass substrate. Therefore, in the case where the photoelectric

conversion element 103 or 603 is formed over a substrate, the photoelectric conversion

element 103 or 603 can receive not only light from one surface of substrate but also

light which transmits through the substrate from a back surface of the substrate,

whereby efficiency of receiving light can be improved.

[0071]

Note that this embodiment mode can be combined with technical components

of other embodiment modes in this specification.

[0072]

(Embodiment Mode 2)

This embodiment mode will be described with reference to drawings. FIG 21

illustrates a circuit configuration of a photoelectric conversion device in Embodiment

Mode 2 of the present invention.

[0073]

The photoelectric conversion device in this embodiment mode includes a

photoelectric conversion element 103, a first current mirror circuit 101 and a second

current mirror circuit 211 which are amplifier circuits for amplifying an output current

(also referred to as a photocurrent) from the photoelectric conversion element 103, three

internal resistors 106a to 106c, a load resistor 107, a high potential side power supply

line 108, a low potential side power supply line 109, and an output terminal 110. The

first current mirror circuit 101 includes a first reference side transistor 104 and three

first output side transistors 105a to 105c. The second current mirror circuit 211

includes a second reference side transistor 212 and a second output side transistor 213.

[0074]

In FIG 21, all the first reference side transistor 104 and the first output side

transistors 105a to 105c are p-channel field effect transistors. The second reference

side transistor 212 and the second output side transistor 213 are both n-channel field

effect transistors.



[0075]

Note that in this specification, a power supply potential on the high potential

side is denoted as VDD, and a power supply potential on the low potential side is

denoted as VSS.

[0076]

In FIG. 21, a first electrode and a gate electrode of the second reference side

transistor 212 are diode-connected to each other. The first electrode of the second

reference side transistor 212 is connected to an anode of the photoelectric conversion

element 103, the gate electrode of the second reference side transistor 212 is connected

to a gate electrode of the second output side transistor 213, and a second electrode of the

second reference side transistor 212 is connected to the low potential side power supply

line 109.

[0077]

A first electrode of the second output side transistor 213 is connected to a first

electrode of the first reference side transistor 104, and a second electrode of the second

output side transistor 213 is connected to the low potential side power supply line 109.

[0078]

A first electrode and a gate electrode of the first reference side transistor 104

are diode-connected to each other. The gate electrode of the first reference side

transistor 104 is connected to each of gate electrodes of the three first output side

transistors 105a to 105c, and a second electrode of the first reference side transistor 104

is connected to a cathode of the photoelectric conversion element 103 and the high

potential side power supply line 108.

[0079]

A first electrode of the first output side transistor 105a is connected to one

terminal of the internal resistor 106a, and a second electrode of the first output side

transistor 105a is connected to the high potential side power supply line 108. The

other terminal of the internal resistor 106a is connected to one terminal of the load

resistor 107. In this specification, a circuit in which the first output side transistor

105a and the internal resistor 106a are connected in series is referred to as an output

generation circuit 102a.

[0080]



In a similar manner, a first electrode of the first output side transistor 105b is

connected to one terminal of the internal resistor 106b, and a second electrode of the

first output side transistor 105b is connected to the high potential side power supply line

108. The other terminal of the internal resistor 106b is connected to one terminal of

the load resistor 107. In this specification, a circuit in which the first output side

transistor 105b and the internal resistor 106b are connected in series is referred to as an

output generation circuit 102b.

[0081]

In a similar manner, a first electrode of the first output side transistor 105c is

connected to one terminal of the internal resistor 106c, and a second electrode of the

first output side transistor 105c is connected to the high potential side power supply line

108. The other terminal of the internal resistor 106c is connected to one terminal of

the load resistor 107. In this specification, a circuit in which the first output side

transistor 105c and the internal resistor 106c are connected in series is referred to as an

output generation circuit 102c.

[0082]

One terminal of the load resistor 107 is connected to the output terminal 110

and the other terminal of the load resistor 107 is connected to the low potential side

power supply line 109.

[0083]

Next, operation of the photoelectric conversion device of this embodiment

mode will be described.

[0084]

The photoelectric conversion element 103 outputs a photocurrent

corresponding to the illuminance of light which is incident on the photoelectric

conversion element 103. As the illuminance increases, the amount of photocurrent

output from the photoelectric conversion element 103 increases. The photocurrent

output from the photoelectric conversion element 103 flows through the second

reference side transistor 212, whereby a potential difference is made between a gate and

a source of the second reference side transistor 212. The potential difference is also

applied between a gate and a source of the second output side transistor 213. In the

second current mirror circuit 211, by applying the same voltage to the gate electrodes of



the second reference side transistor 212 and the second output side transistor 213, a

current which flows through the second output side transistor 213 is controlled with the

photocurrent which has flowed through the second reference transistor 212 as a

reference.

[0085]

As described above, a current based on a photocurrent flows through the

second output side transistor 213. The current also flows through the first reference

side transistor 104. Thus, also in the first current mirror circuit 101, like as the second

current mirror circuit 211, the same voltage is applied to the gate electrodes of the first

reference side transistor 104 and the three first output side transistors 105a to 105c.

Then, a current which flows through each of the first output side transistors 105a to

105c is controlled with the photocurrent which has flowed through the first reference

side transistor 104 as a reference.

[0086]

As a result, the current in accordance with the photocurrent flows through the

first output side transistors 105a to 105c, whereby output currents are generated in the

three output generation circuits 102a to 102c. Operation of the output generation

circuits 102a to 102c will be described later. The sum of the output currents generated

by the three output generation circuits 102a to 102c flows through the load resistor 107.

Thus, a potential difference is made between the terminals of the load resistor 107.

When the potential difference is RL and an output voltage is Fbut, a voltage of Kout =

RL + VSS is output from the output terminal 110.

[0087]

Here, in the second current mirror circuit 211, if the characteristics of the

second reference side transistor 212 and the second output side transistor 213 are the

same, a current which has the same amount as that of a photocurrent can flow through

the first reference side transistor 104 in the first current mirror circuit 101. In addition,

by setting ratios of a channel length L to a channel width W, a = WIL, of the second

reference side transistor 212 and the second output side transistor 213 different from

each other, the photocurrent can be amplified. For example, in order to change the

value of α of the second output side transistor 213, the channel length L and the channel



width W of the second output side transistor 213 may be changed or the number of the

second output side transistor 213 can be increased and the second output side transistors

213 can be connected in parallel.

[0088]

Next, the operation of the output generation circuits 102a to 102c will be

described with reference to FIGS. 2 to 4.

[0089]

FIG 2 is a diagram illustrating a structure of the output generation circuit 102a.

The first output side transistor 105a and the internal resistor 106a are connected in

series. A gate voltage which is generated in accordance with the photocurrent is

applied to a gate electrode of the first output side transistor 105a. The gate voltage is

denoted as Fgate. In addition, a potential of a second electrode of the internal resistor

106a is the output potential Kout.

[0090]

FIG 3 shows voltage-current characteristics of the first output side transistor

105a and the internal resistor 106a, in which a current which flows through the output

generation circuit 102a is / and a potential of a connection portion between the first

output side transistor 105a and the internal resistor 106a is V. In FIG. 3, a vertical axis

represents a current and a horizontal axis represents a voltage. In FIG. 3, a curve 301

represents a voltage-current characteristic of the first output side transistor 105a in the

case where light with an illuminance L1 (a unit : lux) is delivered to the photoelectric

conversion element. A curve 302 represents a voltage-current characteristic of the first

output side transistor 105a in the case where light with an illuminace of L2 (L 1 < L2) is

delivered to the photoelectric conversion element. In addition, a straight line 303

represents a voltage-current characteristic of the internal resistor 106a. The output

generation circuit 102a operates with the voltage V and the current / which correspond

to an intersection (this is referred to as an operation point) of the curve showing the

voltage-current characteristic of the first output side transistor 105a and the straight line

showing the voltage-current characteristic of the internal resistor 106a.

[0091]

When the light with the illuminance Li enters, the first output side transistor

105a has the voltage-current characteristic shown by the curve 301 and an operation



point of the output generation circuit 102a is a point 304 which is an intersection of the

curve 301 and the straight line 303. Then, a current / i flows through the output

generation circuit 102a.

[0092]

At that time, the first output side transistor 105a operates in a saturation range.

The saturation range is a range in which a magnitude relation of a voltage FGS between

a gate and the source, a voltage FDS between a drain and the source, and a threshold

voltage FTH of the first output side transistor 105a is |FGS - FTH| < \VOS\. In this

range, a current which depends only on the voltage FGS between the gate and the

source of the first output side transistor 105a flows through the first output side

transistor 105a. Therefore, a current which is in proportion to the illuminance flows

through the output generation circuit 102a.

[0093]

In the case where light with the illuminance which is higher than the

illuminance L1 enters, a current which is in proportion to the illuminance flows through

the output generation circuit 102a when the illuminance is within a range in which the

first output side transistor 105a operates in the saturation range.

[0094]

In the case where the illuminance is further increased and light with the

illuminance L2 enters, the first output side transistor 105a has the voltage-current

characteristic shown by the curve 302. At that time, an operation point of the output

generation circuit 102a is a point 305 and a current / 2 flows through the output

generation circuit 102a.

[0095]

At that time, the first output side transistor 105a operates in a linear range.

The linear range is a range in which a magnitude relation of the voltage GS between

the gate and the source, the voltage FDS between the drain and the source, and the

threshold voltage FTH of the first output side transistor 105a is |FGS - FTH| > |FDS|.

In this range, a current which depends on the voltage FGS between the gate and the

source and the voltage FDS between the drain and the source of the first output side

transistor 105a flows through the first output side transistor 105a. Therefore, the



current which flows through the output generation circuit 102a is not in proportion to

the illuminance and gradually becomes closer to /max. Note that /max is represented

by (VDD - Kout) / Ri. It is to be noted that Ri is a resistance value of the internal

resistor 106.

[0096]

Here, an illuminance-current characteristic of the output generation circuit 102a

is shown in FIG 4. In FIG 4, a horizontal axis represents an illuminance and a vertical

axis represents the current which flows through the output generation circuit 102a.

Both of them are represented in a logarithm scale.

[0097]

As described above, a current which is in proportion to the illuminance flows

through the output generation circuit 102a when the illuminance is within a range in

which the first output side transistor 105a operates in the saturation range (for example,

the illuminance 1). On the other hand, when the illuminance is within a range in

which the first output side transistor 105a operates in the linear range (for example, the

illuminance L2), the current which flows through the output generation circuit 102a is

not in proportion to the illuminance and gradually becomes closer to /max.

[0098]

Although the output generation circuit 102a has been described so far, the

output generation circuit 102b and the output generation circuit 102c also operate in a

similar manner.

[0099]

Next, the operation of the photoelectric conversion device of this embodiment

mode will be described again. In the photoelectric conversion device of this

embodiment mode, a plurality of output generation circuits which perform the operation

described above is connected in parallel. Here, operation of the circuits in the case

where the three output generation circuits 102a to 102c are connected in parallel as

shown in FIG 21 will be described.

[0100]

In the three output generation circuits 102a to 102c, ratios of a channel length L

to a channel width W, a = WIL, of the first output side transistors 105a to 105c are made



different from each other. For example, a of the first output side transistor 105a is cci,

a of the first output side transistor 105b is α2, and the a of the first output side transistor

105c is α . A magnitude relation thereof is <x \ > α > α3. Preferably, a is set as

follows: ai/aj = approximately 10 and a τ/az = approximately 10.

[0101]

Note that resistance values of the internal resistors 106a to 106c are set to be

the same for convenience of explanation. However, the resistance values of the

internal resistors 106a to 106c are not limited thereto and may be different from each

other.

[0102]

Operation of the circuit shown in FIG 21 in that case is illustrated in FIGS. 5A

to 5C. FIG 5A shows illuminance-current characteristics of the output generation

circuits 102a to 102c. In FIG 5A, a horizontal axis represents an illuminance and a

vertical axis represents currents which flow through the respective output generation

circuits 102a to 102c. Both of them are represented in a logarithm scale.

[0103]

Note that a curve 501a represents the illuminance-current characteristic of the

first output generation circuit 102a, a curve 501b represents the illuminance-current

characteristic of the second output generation circuit 102b, and a curve 501c represents

the illuminance-current characteristic of the third output generation circuit 102c.

[0104]

In the output generation circuits 102a to 102c, as a of the first output side

transistors 105a to 105c becomes larger, the first output side transistors 105a to 105c

can be driven in the linear range with the lower illuminance because each of the output

side transistors 105a to 105c is connected to one of the internal resistors 106a to 106c in

series. Therefore, as a of the first output side transistors 105a to 105c becomes larger,

the current which flows through the output generation circuits 102a to 102c hits a peak

with the further lower illuminance.

[0105]

The sum of the currents which flow through the output generation circuits 102a

to 102c is an output current (the output current is denoted as /out) of the photoelectric



conversion device of this embodiment mode. Then, the output current flows through

the load resistor 107 and a sum of a potential difference generated in the load resistor

107 and VSS is output as the output voltage out.

[0106]

The sum (the output current) of the currents which flow through the output

generation circuits 102a to 102c is shown in FIG. 5B. In addition, the output voltage

out is shown in FIG 5C. In FIGS. 5B and 5C, a horizontal axis represents an

illuminance which is shown in a logarithm scale, and a vertical axis represents an output

current or the output voltage which is shown in a linear scale.

[0107]

Since the output current /out is the sum of the currents which flow through the

output generation circuit 102a to 102c, the output current /out has a characteristic which

is in proportion to a logarithm of the illuminance as shown in FIG 5B. In addition, the

output voltage Fout also has a characteristic which is almost in proportion to the

logarithm of the illuminance.

[0108]

In this manner, in the photoelectric conversion device of this embodiment

mode, an output which is almost in proportion to a logarithm of illuminance can be

obtained and an illuminance range applicable for the photoelectric conversion device

can be widened.

[0109]

Further, when the second current mirror circuit 211 is provided, a current

obtained by amplifying the photocurrent can be input to the first current mirror circuit

101. This can shorten time required for making gate voltage of the first reference side

transistor 104 and the first output side transistors 105a to 105c a predetermined voltage.

Accordingly, in the case where an illuminance is changed, time which is necessary for

an output to reach a predetermined value can be shortened, whereby a photoelectric

conversion device whose output has a high response speed even if the illuminance is

changed can be obtained.

[0110]

Although three output generation circuits are connected in parallel in the circuit

shown in FIG 21, the number of the output generation circuits are not limited thereto as



long as a plurality of the output generation circuits is provided. By increasing the

number of the output generation circuits, the illuminance range which is applicable for

the photoelectric conversion device can be widened and a change in the output with

respect to the illuminance can be made small.

[0111]

Note that the load resistor 107 may be incorporated in the photoelectric

conversion device or an external resistor such as a chip resistor can be attached as the

load resistor 107. When the load resistor 107 is incorporated in the photoelectric

conversion device, the external resistor is not necessary, whereby the number of steps

and parts for connecting the external resistor can be reduced. In addition, since an area

for the external resistor is unnecessary, an area of a photoelectric conversion portion of

an electronic device or the like can be made small. On the other hand, when the load

resistor 107 is an external resistor, influence of a variation in a load resistance

(especially a variation in resistance with respect to temperature) can be suppressed.

[0112]

Note that in the circuit shown in FIG 21, although the second reference side

transistor 212 and the second output side transistor 213 are n-channel transistors, and

the first reference side transistor 104 and the first output side transistors 105a to 105c

are p-channel transistors, the reverse case may be employed. A circuit configuration in

the reverse case is shown in FIG 22.

[0113]

A photoelectric conversion device shown in FIG. 22 includes a photoelectric

conversion element 603, a first current mirror circuit 601 and a second current mirror

circuit 611 which are amplifier circuits for amplifying an output current (also referred to

as a photocurrent) from the photoelectric conversion element 603, three internal

resistors 606a to 606c, a load resistor 607, a high potential side power supply line 608, a

low potential side power supply line 609, and an output terminal 610. The first current

mirror circuit 601 includes a first reference side transistor 604 and three first output side

transistors 605a to 605c. The second current mirror circuit 611 includes a second

reference side transistor 612 and a second output side transistor 613.

[0114]

In FIG 22, all the first reference side transistor 604 and the first output side



transistors 605a to 605c are n-channel field effect transistors. The second reference

side transistor 612 and the second output side transistor 613 are both p-channel field

effect transistors.

[0115]

Note that a power supply potential on the high potential side is denoted as

VDD, and a power supply potential on the low potential side is denoted as VSS.

[0116]

In FIG. 22, a first electrode and a gate electrode of the second reference side

transistor 612 are diode-connected to each other. The first electrode of the second

reference side transistor 612 is connected to a cathode of the photoelectric conversion

element 603, the gate electrode of the second reference side transistor 612 is connected

to a gate electrode of the second output side transistor 613, and a second electrode of the

second reference side transistor 612 is connected to the high potential side power supply

line 608.

[0117]

A first electrode of the second output side transistor 613 is connected to a first

electrode of the first reference side transistor 604, and a second electrode of the second

output side transistor 613 is connected to the high potential side power supply line 608.

[0118]

A first electrode and a gate electrode of the first reference side transistor 604

are diode-connected to each other. The gate electrode of the first reference side

transistor 604 is connected to each of gate electrodes of the three first output side

transistors 605a to 605c, and a second electrode of the first reference side transistor 604

is connected to an anode of the photoelectric conversion element 603 and the low

potential side power supply line 609.

[0119]

A first electrode of the first output side transistor 605a is connected to one

terminal of the internal resistor 606a, and a second electrode of the first output side

transistor 605a is connected to the low potential side power supply line 609. The other

terminal of the internal resistor 606a is connected to one terminal of the load resistor

607. In this specification, a circuit in which the first output side transistor 605a and

the internal resistor 606a are connected in series is referred to as an output generation



circuit 602a.

[0120]

In a similar manner, a first electrode of the first output side transistor 605b is

connected to one terminal of the internal resistor 606b, and a second electrode of the

first output side transistor 605b is connected to the low potential side power supply line

609. The other terminal of the internal resistor 606b is connected to one terminal of

the load resistor 607. In this specification, a circuit in which the first output side

transistor 605b and the internal resistor 606b are connected in series is referred to as an

output generation circuit 602b.

[0121]

In a similar manner, a first electrode of the first output side transistor 605c is

connected to one terminal of the internal resistor 606c, and a second electrode of the

first output side transistor 605c is connected to the low potential side power supply line

609. The other terminal of the internal resistor 606c is connected to one terminal of

the load resistor 607. In this specification, a circuit in which the first output side

transistor 605c and the internal resistor 606c are connected in series is referred to as an

output generation circuit 602c.

[0122]

One terminal of the load resistor 607 is connected to the output terminal 610

and the other terminal of the load resistor 607 is connected to the high potential side

power supply line 608.

[0123]

The circuit shown in FIG 22 has a structure which is basically similar to that of

the circuit shown in FIG. 21 and performs circuit operation basically similar to that of

the circuit shown in FIG 21. A difference between the circuits shown in FIG 21 and

FIG 22 is an output voltage Fbut. In the case of the circuit shown in FIG 22, when a

potential difference between the terminals of the load resistor 607 is RL, a voltage of

Fout = VDD - RL is output from the output terminal 610.

[0124]

Here, FIGS. 7A and 7B show an illuminance characteristic of an output of the

circuit shown in FIG 22. FIG 7A shows an illuminance characteristic of an output

current /out, and a vertical axis represents an output current (a linear scale) and a



horizontal axis represents an illuminance (a logarithm scale). FIG. 7B shows an

illuminance characteristic of an output voltage Kout, and a vertical axis represents an

output voltage (a linear scale) and a horizontal axis represents an illuminance (a

logarithm scale).

[0125]

In the circuit shown in FIG 21, as the illuminance increases, the output voltage

Fout increases as shown in FIG 5C. On the other hand, in the circuit shown in FIG 22,

as the illuminance increases, the output voltage Fbut decreases. In either case, the

output current /out has a characteristic which is almost in proportion to the logarithm of

the illuminance. In addition, the output voltage Fout also has a characteristic which is

almost in proportion to the logarithm of the illuminance.

[0126]

In this manner, in the photoelectric conversion device of this embodiment

mode, the output which is almost in proportion to the logarithm of the illuminance can

be obtained and an illuminance range which is applicable for the photoelectric

conversion device can be widened.

[0127]

Although three output generation circuits are connected in parallel in the circuit

shown in FIG 22, the number of the output generation circuits are not limited thereto as

long as a plurality of the output generation circuits is provided. By increasing the

number of the output generation circuits, the illuminance range which is applicable for

the photoelectric conversion device can be widened and a change in the output with

respect to the illuminance can be made small.

[0128]

Note that since the photoelectric conversion device in this embodiment mode

includes both n-channel transistors and p-channel transistors, a variation in circuit

characteristics due to a variation in characteristics of transistors can be suppressed.

[0129]

As the photoelectric conversion element described in this embodiment mode,

an element such as a general photo diode which converts light energy into electric

energy can be used.



Note that a variety of modes of field effect transistors can be employed as

n-channel transistors and p-channel transistors described in this embodiment mode.

Thus, there are no limitations on types of transistors employed. For example, a thin

film transistor (a TFT) including a non-single crystal semiconductor film typified by

amorphous silicon, polycrystalline silicon, microcrystalline (also referred to as

semi-amorphous) silicon, or the like can be employed. In the case of using the TFT,

there are various advantages. For example, since the TFT can be formed at

temperature lower than that of the case of using single-crystal silicon, manufacturing

cost can be reduced or a manufacturing apparatus can be made larger. Since the

manufacturing apparatus can be large, the TFT can be formed over a large substrate.

Therefore, a large number of photoelectric conversion devices can be formed at the

same time so that manufacturing cost can be low. In addition, a substrate having low

heat resistance can be used because the TFT can be manufactured at low temperature.

Therefore, the transistor can be formed over a light-transmitting substrate.

Accordingly, transmission of light in a photoelectric conversion element can be

controlled by using the transistor formed over the light-transmitting substrate.

[0131]

By using a catalyst (e.g., nickel) in the case of forming polycrystalline silicon,

crystallinity can be further improved and a transistor having excellent electric

characteristics can be formed. Accordingly, circuits which are operated at high speed

can be formed over the same substrate. By using a catalyst (e.g., nickel) in the case of

forming microcrystalline silicon, crystallinity can be further improved and a transistor

having excellent electric characteristics can be formed. At this time, crystallinity can

be improved by performing heat treatment without performing laser irradiation. In the

case of not using a laser for crystallization, crystallinity unevenness of silicon can be

suppressed. Therefore, a difference between characteristics of transistors can be

suppressed. Note that polycrystalline silicon and microcrystalline silicon can be

formed without using a catalyst (e.g., nickel).

[0132]

In addition, a transistor can be formed by using a semiconductor substrate, an

SOI substrate, or the like. Therefore, transistors with few variations in characteristics,

sizes, shapes, or the like, with high current supply capacity, and in a small size can be



formed. By using such transistors, power consumption of a circuit can be reduced or a

circuit can be highly integrated.

[0133]

Alternatively, a transistor including a compound semiconductor or an oxide

semiconductor such as ZnO, a-InGaZnO, SiGe, GaAs, indium zinc oxide (IZO), indium

tin oxide (ITO), or tin oxide (SnO), a thin film transistor obtained by thinning such a

compound semiconductor or an oxide semiconductor, or the like can be used. Thus,

manufacturing temperature can be lowered and for example, such a transistor can be

formed at room temperature. Accordingly, the transistor can be formed directly on a

substrate having low heat resistance such as a plastic substrate or a film substrate.

[0134]

Alternatively, a transistor formed by using an inkjet method or a printing

method, or the like can also be used. Accordingly, a transistor can be formed at room

temperature, can be formed at a low vacuum, or can be formed over a large substrate.

In addition, since the transistor can be formed without using a mask (a reticle), a layout

of the transistor can be easily changed. Further, since it is not necessary to use a resist,

material cost is reduced and the number of steps can be reduced. Furthermore, since a

film is formed only in a necessary portion, a material is not wasted compared with a

manufacturing method in which etching is performed after the film is formed over the

entire surface, so that cost can be reduced.

[0135]

Alternatively, a transistor including an organic semiconductor or a carbon

nanotube, or the like can be used. Accordingly, such a transistor can be formed using

a substrate which can be bent. Therefore, a device using a transistor including an

organic semiconductor or a carbon nanotube, or the like can resist a shock.

[0136]

A variety of types of transistors can be used for a field effect transistor and the

transistor can be formed over various types of substrates. Accordingly, all of circuits

which are necessary to realize a predetermined function may be formed over the same

substrate. For example, all of the circuits which are necessary to realize the

predetermined function may be formed using a glass substrate, a plastic substrate, a

single-crystal substrate, an SOI substrate, or may be formed over various substrates.



By forming a field effect transistor using a thin film transistor, the photoelectric

conversion device of this embodiment mode can be formed over a light-transmitting

substrate such as a glass substrate. Therefore, in the case where the photoelectric

conversion element 103 or 603 is formed over a substrate, the photoelectric conversion

element 103 or 603 can receive not only light from one surface of the substrate but also

light which transmits through the substrate from a back surface of the substrate,

whereby efficiency of receiving light can be improved.

[0137]

Note that this embodiment mode can be combined with technical components

of other embodiment modes in this specification.

(Embodiment Mode 3)

[0138]

This embodiment mode will show a manufacturing method of the photoelectric

conversion device described in the above embodiment modes as an example using cross

sectional views with reference to FIGS. 8A to 8D, and FIGS. 9A to 9C.

[0139]

First, a photoelectric conversion element and a field effect transistor are formed

over a substrate (a first substrate 310). In this embodiment mode, an AN 100 which is

one of glass substrates is used for the substrate 310. In forming the field effect

transistor over the substrate by using a thin film transistor, the photoelectric conversion

element and the thin film transistor can be manufactured in a continuous process, and

therefore, the photoelectric conversion device can be produced in large quantities,

which is an advantage.

[0140]

A silicon oxide film including nitrogen (with a film thickness of 100 nm),

which serves as a base insulating film 312, is formed by plasma CVD, and a

semiconductor film such as an amorphous silicon film including hydrogen (with a film

thickness of 54 nm) is stacked without being exposed to atmosphere. Further, the base

insulating film 312 may be formed by stacking a silicon oxide film, a silicon nitride film,

and a silicon oxide film including nitrogen. For example, a film in which a silicon

nitride film including oxygen with a film thickness of 50 nm and a silicon oxide film

including nitrogen with a film thickness of 100 nm are stacked may be formed as the



base insulating film 312. Note that each of the silicon oxide film including nitrogen

and the silicon nitride film serves as a blocking layer which prevents an impurity such

as alkali metal from diffusing from the glass substrate.

[0141]

Subsequently, the amorphous silicon film is crystallized by a known technique

(a solid-phase epitaxy method, a laser crystallization method, a crystallization method

using catalytic metal, or the like) to form a semiconductor film having a crystalline

structure (a crystalline semiconductor film), e.g., a polycrystalline silicon film. Here, a

polycrystalline silicon film is obtained by a crystallization method using a catalytic

element. First, a nickel acetate solution including 10 ppm by weight of nickel is added

by a spinner. Note that a nickel element may be dispersed over an entire surface by

sputtering instead of adding a solution. Next, heat treatment for crystallizing the

amorphous silicon film is performed to form a semiconductor film (here, a

polycrystalline silicon film) having a crystalline structure. Here, a polycrystalline

silicon film is obtained by performing heat treatment for crystallizing (at 550 0C for 4

hours) after heat treatment (at 500 0C for one hour) is performed.

[0142]

Subsequently, an oxide film over the surface of the polycrystalline silicon film

is removed by a dilute hydrofluoric acid or the like. After that, irradiation with laser

light (XeCl which has a wavelength of 308 nm) for increasing the degree of crystallinity

and repairing defects left in crystal grains is performed in the atmosphere or an oxygen

atmosphere.

[0143]

As the laser light, excimer laser light with a wavelength of 400 nm or less, or a

second harmonic or a third harmonic of a YAG laser is used. Here, pulsed laser light

with a repetition rate of approximately 10 to 1000 Hz is used, the pulsed laser light is

condensed to 100 to 500 mJ/cm by an optical system, and irradiation is performed with

an overlap rate of 90 to 95% to scan a surface of the silicon film. In this embodiment

mode, irradiation with laser light having a repetition rate of 30 Hz and energy density of

470 mJ/cm2 is performed in the atmosphere.

[0144]



Note that since laser light irradiation is performed in the atmosphere or in an

oxygen atmosphere, an oxide film is formed on the surface. Although an example in

which the pulsed laser is used is shown in this embodiment mode, a continuous wave

laser may be used. In order to obtain crystals with a large grain size at the time of

crystallization of a semiconductor film, it is preferable to use a solid laser which is

capable of continuous oscillation and to apply the second to fourth harmonic of a

fundamental wave. Typically, a second harmonic (532 nm) or a third harmonic (355

nm) of an Nd:YVO laser (a fundamental wave of 1064 nm) is applied.

[0145]

In the case of using a continuous wave laser, laser light which is emitted from a

continuous wave YVO laser with a 1OW output is converted into a harmonic by a

non-linear optical element. In addition, there is a method in which a YVO crystal and

a non-linear optical element are put in an oscillator and a high harmonic is emitted.

Then, laser light having a rectangular shape or an elliptical shape on an irradiated

surface is preferably formed by an optical system and emitted to an object to be

processed. At this time, an energy density of approximately 0.01 to 100 MW/cm2

(preferably, 0.1 to 10 MW/cm2) is necessary. Irradiation to the semiconductor film

may be performed by moving the semiconductor film at a rate of approximately 10 to

2000 cm/s relatively to the laser light.

[0146]

Subsequently, in addition to the oxide film which is formed by the

above-described laser light irradiation, a barrier layer formed using an oxide film having

a thickness of 1 to 5 nm in total is formed by treatment of the surface with ozone water

for 120 seconds. The barrier layer is formed in order to remove the catalytic element

which is added for crystallizing the amorphous silicon film, e.g., nickel (Ni) from the

film. Although the barrier layer is formed using ozone water here, the barrier layer

may be formed by depositing an oxide film having a thickness of approximately 1 to 10

nm by a method of oxidizing a surface of the semiconductor film having a crystalline

structure by UV-ray irradiation in an oxygen atmosphere; a method of oxidizing a

surface of the semiconductor film having a crystalline structure by oxygen plasma

treatment, plasma CVD, sputtering, an evaporation method, or the like. Alternatively,

the oxide film formed by the laser light irradiation may be removed before forming the



barrier layer.

[0147]

Then, an amorphous silicon film including an argon element which serves as a

gettering site is formed with a thickness of 10 to 400 nm, here 100 nm, over the barrier

layer by sputtering. The amorphous silicon film including an argon element is formed

under an atmosphere including argon using a silicon target. In the case where the

amorphous silicon film including an argon element is formed by plasma CVD,

deposition conditions are as follows: a flow ratio of monosilane to argon (SiH : Ar) is

1 : 99, deposition pressure is 6.665 Pa, RF power density is 0.087 W/cm2, and

deposition temperature is 350 0C.

[0148]

After that, the substrate over which the amorphous silicon film including an

argon element is formed is placed in a furnace heated at 6500C, and heat treatment is

performed for three minutes to remove the catalytic element (gettering). Thus, the

catalytic element concentration in the semiconductor film having a crystalline structure

is reduced. A lamp annealing apparatus may be used instead of the furnace.

[0149]

Subsequently, after the amorphous silicon film including an argon element,

which is a gettering site, is selectively removed using the barrier layer as an etching

stopper, the barrier layer is selectively removed with a diluted hydrofluoric acid. Note

that since nickel has a tendency to move to a region having high oxygen concentration

at the time of gettering, it is preferable that the barrier layer formed using an oxide film

be removed after gettering.

[0150]

In the case where crystallization of a semiconductor film is performed without

using a catalytic element, the above-described steps such as forming the barrier layer,

forming the gettering site, heat treatment for gettering, removing the gettering site, and

removing the barrier layer are not necessary.

[0151]

Subsequently, after a thin oxide film is formed on the surface of the obtained

semiconductor film having a crystalline structure (e.g., a crystalline silicon film) using



ozone water, a mask formed from a resist is formed using a first photomask and etching

is performed to process the semiconductor film into a desired shape, and a

semiconductor film which is separated into an island shape (in this specification,

referred to as island-shaped semiconductor region 331) is formed (see FIG. 8A). After

the island-shaped semiconductor region is formed, the mask formed from the resist is

removed.

[0152]

Subsequently, the island-shaped semiconductor region is doped with a slight

amount of an impurity element (e.g., boron or phosphorus) to control the threshold

voltage of the thin film transistors if necessary. Here, an ion doping method in which

diborane (B2H ) is not mass-separated but excited by plasma is used.

[0153]

Subsequently, the oxide film is removed with an etchant including a

hydrofluoric acid, and at the same time, a surface of the island-shaped semiconductor

region 331 is washed. After that, an insulating film including silicon as a main

component, which serves as a gate insulating film 313, is formed. Here, a silicon

oxide film including nitrogen (composition ratio of Si = 32%, O = 59%, N = 7%, and H

= 2%) is formed with a thickness of 115 nm by plasma CVD.

[0154]

Subsequently, after a metal film is formed over the gate insulating film 313, a

gate electrode 334, wirings 314 and 315, and a terminal electrode 350 are formed using

a second photomask (see FIG. 8B). A stacked-layer film of tantalum nitride with a

thickness of 30 nm and tungsten (W) with a thickness of 370 nm is used for the metal

film, for example.

[0155]

As the gate electrode 334, the wirings 314 and 315, and the terminal electrode

350, a single-layer film formed from an element of titanium (Ti), tungsten (W),

tantalum (Ta), molybdenum (Mo), neodymium (Nd), cobalt (Co), zirconium (Zr), zinc

(Zn), ruthenium (Ru), rhodium (Rh), palladium (Pd), osmium (Os), iridium (Ir),

platinum (Pt), aluminum (Al), gold (Au), silver (Ag), or copper (Cu), or an alloy

material or a compound material including the above-described element as a main

component; a single-layer film formed from nitride thereof, e.g., titanium nitride,



tungsten nitride, tantalum nitride or molybdenum nitride may be used as well as the

above-described film.

[0156]

Subsequently, an impurity which imparts one conductivity type is introduced

into the island-shaped semiconductor region 331 to form a source region and drain

region 337 of the TFT 113 (see FIG. 8C). In this embodiment mode, an n-channel

TFT is formed, and an n-type impurity, e.g., phosphorus (P) or arsenic (As) is

introduced into the island-shaped semiconductor region 331.

[0157]

Next, after a first interlayer insulating film (not shown) including a silicon

oxide film is formed with a thickness of 50 nm by CVD, a process is performed in

which the impurity element added to each of the island-shaped semiconductor regions

are activated. This activation process is performed by a rapid thermal annealing

method (an RTA method) using a lamp light source, a method of irradiating from a back

side of a substrate with a YAG laser or an excimer laser, heat treatment using a furnace,

or a method in which any of the above-described methods are combined.

[0158]

Subsequently, a second interlayer insulating film 316 which is a silicon nitride

film including hydrogen and oxygen is formed with a film thickness of, for example, 10

nm.

[0159]

Subsequently, a third interlayer insulating film 317 formed using an insulating

material is formed over the second interlayer insulating film 316 (see FIG. 8D). An

insulating film obtained by CVD can be used for the third interlayer insulating film 317.

In this embodiment mode, in order to improve adhesion, a silicon oxide film including

nitrogen is formed with a thickness of 900 nm as the third interlayer insulating film 317.

[0160]

Next, heat treatment (heat treatment at 300 to 550 0C for 1 to 12 hours, e.g., at

410 0C for 1 hour in a nitrogen atmosphere) is performed to hydrogenate the

island-shaped semiconductor regions 331. This step is performed to terminate a

dangling bond of the island-shaped semiconductor regions 331 by hydrogen included in



the second interlayer insulating film 316. The island-shaped semiconductor regions

331 can be hydrogenated regardless of whether or not the gate insulating film 313 is

formed.

[0161]

Alternatively, as the third interlayer insulating film 317, an insulating film

using siloxane and a stacked-Iayer structure thereof can be used. Siloxane is formed

using a skeleton structure of a bond of silicon (Si) and oxygen (O). An organic group

including at least hydrogen (e.g., an alkyl group or aromatic hydrocarbon) is used as a

substituent. Further alternatively, a fluorine may be used as the organic group.

[0162]

In the case where an insulating film using siloxane and a stacked-layer

structure thereof are used as the third interlayer insulating film 317, after formation of

the second interlayer insulating film 316, heat treatment for hydrogenating the

island-shaped semiconductor regions 331 is performed and then the third interlayer

insulating film 317 can be formed.

[0163]

Subsequently, a mask formed from a resist is formed using a third photomask,

and the first interlayer insulating film, the second interlayer insulating film 316, the

third interlayer insulating film 317, and the gate insulating film 313 are selectively

etched to form contact holes. Then, the mask formed from the resist is removed.

[0164]

Note that the third interlayer insulating film 317 may be formed as necessary.

In the case where the third interlayer insulating film 317 is not formed, the first

interlayer insulating film, the second interlayer insulating film 316, and the gate

insulating film 313 are selectively etched after formation of the second interlayer

insulating film 316 to form contact holes.

[0165]

Next, after a metal stacked film is formed by sputtering, a mask formed from a

resist is formed using a fourth photomask, and the metal film is selectively etched to

form a wiring 319, a connection electrode 320, a terminal electrode 351, and a source

electrode or drain electrode 341 of the TFT 113. Then, the mask formed from the

resist is removed. Note that the metal film of this embodiment mode is a stacked-layer



film of three layers: a Ti film with a thickness of 100 nm, an Al film including a slight

amount of Si with a thickness of 350 nm, and a Ti film with a thickness of 100 nm.

[0166]

In addition, in a case where each of the wiring 319, the connection electrode

320, the terminal electrode 351, the source electrode or drain electrode 341 of the TFT

113 is formed of a single-layer conductive film, a titanium film (Ti film) is preferable in

terms of heat resistance, conductivity, and the like. Instead of a titanium film, a

single-layer film formed from an element selected from tungsten (W), tantalum (Ta),

molybdenum (Mo), neodymium (Nd), cobalt (Co), zirconium (Zr), zinc (Zn), ruthenium

(Ru), rhodium (Rh), palladium (Pd), osmium (Os), iridium (Ir) and platinum (Pt), or an

alloy material or a compound material containing the above element as its main

component; a single-layer film formed from nitride thereof, for example, titanium

nitride, tungsten nitride, tantalum nitride, or molybdenum nitride may be used. The

number of steps of deposition can be reduced in the manufacturing process, by

formation of each of the wiring 319, the connection electrode 320, the terminal

electrode 351, and the source electrode or drain electrode 341 of the TFT 113 as a

single-layer film.

[0167]

The top gate TFT 113 using a polycrystalline silicon film can be manufactured

through the process described above.

[0168]

Subsequently, after formation of a conductive metal film (e.g., titanium (Ti) or

molybdenum (Mo)) which does not easily become an alloy by reacting with a

photoelectric conversion layer (typically, amorphous silicon) which is formed later, a

mask formed from a resist is formed using a fifth photomask, and the conductive metal

film is selectively etched to form a protective electrodes 318 which cover the wiring 319

(see FIG 9A). Here, a Ti film with a thickness of 200 nm which is obtained by

sputtering is used. Note that the connection electrode 320, the terminal electrode 351,

and the source electrode and drain electrode 341 of the TFT 113 are covered with

protective electrodes 345, 346 and 348, which are conductive metal films, respectively.

Therefore, the conductive metal film also covers a side face where the Al film in the

second layer is exposed in these electrodes, so that the conductive metal film can also



prevent diffusion of aluminum atoms to the photoelectric conversion layer.

[0169]

Note that in a case where each of the wiring 319, the connection electrode 320,

the terminal electrode 351, and the source electrode or drain electrode 341 of the TFT

113 are formed as a single-layer conductive film, the protective electrodes 318, 345, 346,

and 348 are not necessarily formed.

[0170]

Next, a photoelectric conversion layer 111 including a p-type semiconductor

layer 11 Ip, an i-type semiconductor layer 11Ii, and an n-type semiconductor layer 11In

is formed over the third interlayer insulating film 317.

[0171]

The p-type semiconductor layer 11Ip may be formed using a semi-amorphous

silicon film including an impurity element belonging to Group 13 in the periodic table,

e.g., boron (B) by plasma CVD.

[0172]

Note that the wiring 319 and the protective electrode 318 are in contact with

the bottom layer of the photoelectric conversion layer 111, i.e., the p-type

semiconductor layer lllp in this embodiment mode.

[0173]

After the p-type semiconductor layer lllp is formed, the i-type semiconductor

layer 11I i and the n-type semiconductor layer 11In are sequentially formed. Thus, the

photoelectric conversion layer 111 including the p-type semiconductor layer lllp, the

i-type semiconductor layer 11Ii, and the n-type semiconductor layer 11In is formed.

[0174]

As the i-type semiconductor layer 11Ii, for example, a semi-amorphous silicon

film may be formed by plasma CVD. In addition, as the n-type semiconductor layer

11In, a semi-amorphous silicon film including an impurity element belonging to Group

15 in the periodic table, e.g., phosphorus (P) may be formed. Alternatively, after a

semi-amorphous silicon film is formed, an impurity element belonging to Group 15 in

the periodic table may be introduced.

[0175]

Alternatively, an amorphous semiconductor film as well as a semi-amorphous



semiconductor film may be used for each of the p-type semiconductor layer 11Ip, the

i-type semiconductor layer 11Ii, and the n-type semiconductor layer 11In.

[0176]

Subsequently, a sealing layer 324 formed from an insulating material (e.g., an

inorganic insulating film including silicon) is formed with a thickness of 1 to 30 µm

over an entire surface resulting in a structure shown in FIG. 9B. Here, as an insulating

material film, a silicon oxide film including nitrogen with a thickness of 1 µm is formed

by CVD. By using an insulating film formed by CVD, adhesiveness can be improved.

[0177]

Subsequently, after the sealing layer 324 is etched to provide opening portions,

terminal electrodes 121 and 122 are formed by sputtering. Each of the terminal

electrodes 121 and 122 is formed of a stacked-layer film of a titanium film (a Ti film)

(100 nm), a nickel film (a Ni film) (300 nm), and a gold film (a Au film) (50 nm). The

terminal electrodes 121 and 122 obtained in this manner have a fixing intensity of

higher than 5 N, which is sufficient fixing intensity as a terminal electrode.

[0178]

By the above-described process, the terminal electrode 121 and the terminal

electrode 122 which can be connected by a solder are formed, and a structure shown in

FIG. 9C can be obtained.

[0179]

Note that a substrate may be cut into individual pieces to obtain a plurality of

photoelectric conversion circuit elements, so that the photoelectric conversion circuits

obtained through the above-described steps can be mass-produced. A large number of

photoelectric conversion elements (e.g., 2 mm x 1.5 mm) can be manufactured from one

large substrate (e.g., 600 cm x 720 cm).

[0180]

Note that as a manufacturing method of the island-shaped semiconductor

region 331 shown in this embodiment mode, other manufacturing method can be

employed without being limited to the above-described manufacturing method. For

example, the island-shaped semiconductor region 331 can be formed by using an SOI

(silicon on insulator) substrate. It is acceptable as long as a known SOI substrate is



used as the SOI substrate, and a manufacturing method and a structure thereof are not

particularly limited to particular types. As the SOI substrate, a SIMOX substrate and a

bonded substrate can be typically given. In addition, examples of the bonded substrate

are ELTRAN (registered trademark), UNIBOND (registered trademark), Smart Cut

(registered trademark), and the like.

[0181]

In the case of the SIMOX substrate, an oxygen ion is implanted into a

single-crystal silicon substrate, and heat treatment at 1300 0C or more is performed to

form a buried oxide (BOX) film layer; thus, a thin-film silicon layer is formed on the

surface of the single-crystal silicon substrate, and an SOI structure can be obtained.

The thin-film silicon layer is insulated from the single-crystal silicon substrate with the

buried oxide film layer. Further, a technique called ITOX (internal thermal oxidation)

in which further thermal oxidation is performed can be used after the buried oxide film

layer is formed.

[0182]

A bonded substrate is an SOI substrate in which two single-crystal silicon

substrates (a first single-crystal silicon substrate and a second single-crystal silicon

substrate) are bonded with an oxide film layer interposed therebetween and one of the

single-crystal silicon substrates is thinned from a surface on the side which is opposite

to the bonded side, whereby a thin-film silicon layer is formed on the surface of the

single-crystal silicon substrate. The oxide film layer can be formed by thermal

oxidation of one of the substrates (here the first single crystal silicon substrate).

Further, the two single-crystal silicon substrates can be bonded directly without using an

adhesive.

[0183]

As the bonded substrate, an SOI substrate can be formed by bonding a glass

substrate, a flexible substarte having an insulating surface or the like and a single-crystal

semiconductor substrate, without being limited to bonding of two single-crystal

semiconductor substrates. The SOI substrate formed by bonding a glass substrate and

a single-crystal semiconductor substrate is described with reference to FIGS. 1OA to

1OD.

[0184]



A single-crystal semiconductor substrate 1101 shown in FIG. 1OA is cleaned,

and ions which are accelerated by an electric field are added to reach a predetermined

depth from the surface of the semiconductor substrate 1101 to form a weakened layer

1103. Ions are added in consideration of the thickness of a semiconductor film which

is to be transferred to a base substrate. The thickness of the semiconductor film is set

to be 5 nm to 500 nm, preferably 10 run to 200 run, more preferably 10 nm to 100 nm,

and still more preferably 10 nm to 50 nm. Accelerating voltage for adding ions to the

single-crystal semiconductor substrate 1101 is set in consideration of such a thickness.

Since the surface of the semiconductor film is flattened by polishing or melting after

separation, the thickness of the semiconductor film right after separation is preferably

set to be 50 nm to 500 nm.

[0185]

The weakened layer 1103 is formed by adding ions of hydrogen, helium, or

halogen typified by fluorine. In this case, it is preferable to add one kind of ions or

plural kinds of ions of different mass numbers consisting of a single kind of atoms. In

the case of adding hydrogen ions, the hydrogen ions preferably include H+, H2
+, and H3

+

ions with a high proportion of H3
+ ions. With a high proportion of H3

+ ions, addition

efficiency can be increased and addition time can be shortened. This structure enables

separation at the weakened layer 1103 to be easily performed later.

[0186]

In the case where ions are added to the single-crystal semiconductor substrate

1101, ions are necessary to be added with high dose condition, whereby the surface of

the single-crystal semiconductor substrate 1101 becomes rough in some cases.

Therefore, it is preferable to form a protective layer against ion addition by using a

silicon oxide layer, a silicon nitride layer, a silicon nitride oxide layer, or the like with a

thickness of from 50 nm to 200 nm over a surface, to which ions are added, to prevent

the surface from being damaged by ion doping and losing flatness.

[0187]

Next, as shown in FIG 1OB, a pressure bonding material 1122 is provided on

the surface of the single-crystal semiconductor substrate 1101. Then, the single-crystal

semiconductor substrate 1101 and the pressure bonding material 1122 are attached to

each other and heated, that is, thermal treatment and pressure treatment are performed in



order to separate the single-crystal semiconductor substrate 1101 from a glass substrate

1100 easily by using the weakened layer 1103 as a cleavage plane in a later step. The

temperature of the thermal treatment is preferably a temperature which is lower than a

temperature at which the weakened layer 1103 cleaves and at which the weakened layer

1103 becomes weak. For example, when the thermal treatment is performed at a

temperature lower than 400 0C, preferably lower than 350 0C, or more preferably lower

than 300 0C, volume of minute cavities formed in the weakened layer 1103 changes;

however, since the pressure bonding material 1122 is provided on the surface of the

single-crystal semiconductor substrate, the surface of the single-crystal semiconductor

substrate can keep flat. As a result, change in the volume of the minute cavities in the

weakened layer 1103 generates a distortion in the weakened layer 1103 and a portion of

the single-crystal semiconductor substrate 1101 along the weakened layer 1103 can be

weakened. The pressure treatment is performed so as to apply pressure

perpendicularly to a bonding surface in consideration of pressure resistance of the glass

substrate 1100 and the single-crystal semiconductor substrate 1101.

[0188]

As shown in FIG. 1OC, the glass substrate 1100 and the single-crystal

semiconductor substrate 1101 are attached to each and bonded to each other. Surfaces

to be bonded are adequately cleaned. Then, the glass substrate 1100 and the

single-crystal semiconductor substrate 1101 are attached while pressure is applied

thereon, whereby the glass substrate 1100 and the single-crystal semiconductor substrate

1101 are bonded to each other. The bond is formed by Van der Waals forces. By

pressing the glass substrate 1100 and the single-crystal semiconductor substrate 1101

against each other, a stronger bond can be formed by hydrogen bond.

[0189]

In order to obtain a favorable bond, surfaces are preferably activated. For

example, the surface to be bonded is irradiated with an atomic beam or an ion beam.

When an atomic beam or an ion beam is used, an inert gas neutral atom beam or inert

gas ion beam of argon or the like can be used. Alternatively, plasma irradiation or

radical treatment is performed. Further, at least one of the bonding surfaces of the

glass substrate and the single-crystal semiconductor substrate may be subjected to



treatment by oxygen plasma or washing with ozone water to be hydrophilic. Such a

surface treatment makes it possible to easily perform bonding between different kinds

of materials even at a temperature lower than 400 0C.

[0190]

Instead of the heat treatment which has been performed before the glass

substrate 1100 and the single-crystal semiconductor substrate 1101 are bonded to each

other, after the glass substrate 1100 and the single-crystal semiconductor substrate 1101

are bonded to each other, the single-crystal semiconductor substrate 1101 may be

irradiated with a laser beam from the glass substrate 1100 side to heat the weakened

layer 1103. As a result, the weakened layer is weakened and the single-crystal

semiconductor substrate 1101 can be separated from the glass substrate 1100 by using

the weakened layer as a cleavage plane.

[0191]

As shown in FIG 10D, after the glass substrate 1100 and the single-crystal

semiconductor substrate 1101 are bonded to each other, the single-crystal

semiconductor substrate 1101 is separated from the glass substrate 1100 using the

weakened layer 1103 as a cleavage plane so that the SOI substrate can be obtained.

Since the surface of the single-crystal semiconductor substrate 1101 and the glass

substrate 1100 are bonded to each other, a semiconductor film 1102 whose crystallinity

is the same as that of the single-crystal semiconductor substrate 1101 remains over the

glass substrate 1100.

[0192]

Before the single-crystal semiconductor substrate 1101 is separated from the

glass substrate 1100 by using the weakened layer 1103 as a cleavage plane, a trigger for

easy separation is preferably provided. In specific, pretreatment for reducing

adhesiveness of the weakened layer 1103 and the semiconductor film 1102 as selected

(partly) is performed so that a separation defect is reduced and a yield is improved.

Typically, for example, a trench is formed in the weakened layer 1103 by performing

laser beam irradiation from the glass substrate 1100 side or the single-crystal

semiconductor substrate 1101 side, or by using a dicer.

[0193]

When the single-crystal semiconductor substrate 1101 is separated from the



glass substrate 1100, an adhesive sheet which can be separated by light or heat is

provided for at least one of the surfaces of the glass substrate 1100 and the

single-crystal semiconductor substrate 1101 to fix one of the glass substrate 1100 and

the single-crystal semiconductor substrate 1101, and the other is separated, so that

separation can be performed more easily. At that time, by provision of a supporting

member for the other of the glass substrate 1100 and the single-crystal semiconductor

substrate 1101, a separation process can be easily carried out.

[0194]

The surface of a semiconductor film obtained by the separation is preferably

polished to be flat by chemical mechanical polishing (CMP). Alternatively, the

flattening may be performed by irradiating the surfaces of the semiconductor film with a

laser beam instead of using a physical polishing means such as CMP. Note that the

laser beam irradiation is preferably conducted under a nitrogen atmosphere having an

oxygen concentration of 10 ppm or lower. This is because the surface of the

semiconductor film might get rough if irradiation with a laser beam is performed under

an oxygen atmosphere. In addition, CMP or the like may be performed in order to

reduce the thickness of the obtained semiconductor film.

[0195]

The above description is a method for manufacturing an SOI substrate by

attaching a substrate having an insulating surface, such as a glass substrate, and a

single-crystal semiconductor substrate to each other.

[0196]

In addition, as the island-shaped semiconductor region 331 shown in this

embodiment mode, a microcrystalline semiconductor film can be used without being

limited to a polycrystalline semiconductor film and a single-crystal semiconductor film.

[0197]

The microcrystalline semiconductor film is a film including a semiconductor

having an intermediate structure between amorphous and crystalline (including

single-crystal and polycrystalline) structures. This semiconductor has a third state

which is stable in terms of free energy, and is a crystalline substance having short-range

order and lattice distortion. This semiconductor can be dispersed in an amorphous

semiconductor with its grain size of 0.5 to 20 nm. In microcrystalline silicon which is



a typical example of microcrystalline semiconductors, its Raman spectrum is shifted to

a lower wave number side than 521 cm 1 which represents single-crystal silicon. That

is, the microcrystalline silicon has a peak of the Raman spectrum between 481 cm 1 and

520 cm 1. The microcrystalline silicon includes hydrogen or halogen of at least 1 at.%

to terminate a dangling bond. Moreover, a rare gas element such as helium, argon,

krypton, or neon may be included to further promote lattice distortion, so that stability is

enhanced and a favorable microcrystalline semiconductor film can be obtained. Such

description about a microcrystalline semiconductor film is disclosed in, for example,

United States Patent No. 4,409,134.

[0198]

This microcrystalline semiconductor film can be formed by high-frequency

plasma CVD with a frequency of several tens of MHz to several hundreds of MHz or a

microwave plasma CVD apparatus with a frequency of 1 GHz or more. Typically, the

microcrystalline semiconductor film can be formed by diluting silicon hydride such as

SiH4, Si2H6, SiH2Cl2, SiHCl3, SiCl4, or SiF4 with hydrogen. Alternatively, in addition

to silicon hydride and hydrogen, the microcrystalline semiconductor film can be formed

by diluting the silicon hydride with one or a plurality of kinds of rare gas element

selected from helium, argon, krypton or neon. At that time, a flow ratio of hydrogen is

more than or equal to 5 times and less than or equal to 200 times, preferably more than

or equal to 50 times and less than or equal to 150 times, further preferably 100 times a

flow ratio of silicon hydride.

[0199]

The microcrystalline semiconductor film has weak n-type conductivity when

an impurity element for controlling valence electrons is not added thereto intentionally.

Therefore, an impurity element imparting p-type conductivity may be added to the

microcrystalline semiconductor film which functions as a channel-forming region of a

thin film transistor at the same time as or after formation of the microcrystalline

semiconductor film, so that the threshold voltage can be controlled. A typical example

of the impurity element imparting p-type conductivity is boron, and an impurity gas

such as B H6 or BF3 may be added to silicon hydride at a proportion of 1 ppm to 1000

ppm, preferably 1 ppm to 100 ppm. The concentration of boron is preferably set at 1 x



10 14 to 6 x 10 16 atoms/cm3.

[0200]

The concentration of oxygen in the microcrystalline semiconductor film is 5 x

10 18 cm 3 or lower, preferably 1 x 10 18 cm 3 or lower. Each concentration of nitrogen

and carbon therein is preferably 1 x 10 19 cm 3 or lower. By reducing the concentration

of oxygen, nitrogen, and carbon mixed into the microcrystalline semiconductor film, the

microcrystalline semiconductor film can be prevented from having n-type conductivity.

[0201]

The island-shaped semiconductor region 331 made of microcrystalline

semiconductor film is formed with a thickness of more than 0 nm and less than or equal

to 50 nm, preferably more than 0 nm and less than or equal to 20 nm. The

microcrystalline semiconductor film functions as a channel-forming region of a thin

film transistor which is to be formed later. By setting the thickness of the

microcrystalline semiconductor film in the above-mentioned range, the thin film

transistor which is to be formed later becomes fully-depleted. In addition, since the

microcrystalline semiconductor film is formed of micro crystals, the resistance of the

microcrystalline semiconductor film is lower than that of an amorphous semiconductor

film. Further, in the case of a thin film transistor using the microcrystalline

semiconductor film, a slope of rising of a curve representing a current-voltage

characteristic is steep and responsiveness as a switching element is improved and

high-speed operation is possible. In addition, by using the microcrystalline

semiconductor film for the channel-forming region of the thin film transistor, a variation

between threshold voltages of thin film transistors can be suppressed. Therefore, a

liquid crystal display device or the like with few variations in an electric characteristic

can be manufactured.

[0202]

In addition, the mobility of the microcrystalline semiconductor film is higher

than that of the amorphous semiconductor film. Thus, by using a thin film transistor

whose channel-forming region is formed of the microcrystalline semiconductor film as

a switching of a display element, the area of the channel-forming region, that is, the area

of the thin film transistor can be reduced. Therefore, the area of the thin film transistor



in one pixel is reduced and an aperture ratio of the pixel can be improved. As a result,

a device with high resolution can be manufactured.

[0203]

Note that this embodiment mode can be combined with the technical features

of the other embodiment modes in this specification.

(Embodiment Mode 4)

[0204]

In this embodiment mode, an example of a manufacturing method of a

photoelectric conversion circuit described in the above embodiment modes, which is

different from that shown in Embodiment Mode 2, is shown with reference to a

cross-sectional diagram. In this embodiment mode, a structure in which a field effect

transistor is formed of a bottom gate TFT is shown with reference to FIGS. H A to HD,

FIGS. 12Ato 12C, and FIG. 13.

[0205]

First, a base insulating film 312 and a metal film 511 are formed over a

substrate 310 (see FIG. HA). In this embodiment mode, a stacked-layer film of

tantalum nitride with a thickness of 30 nm and tungsten with a thickness of 370 nm is

used for the metal film 511, for example.

[0206]

Alternatively, for the metal film 511, a single-layer film formed from an

element selected from titanium (Ti), tungsten (W), tantalum (Ta), molybdenum (Mo),

neodymium (Nd), cobalt (Co), zirconium (Zr), zinc (Zn), ruthenium (Ru), rhodium (Rh),

palladium (Pd), osmium (Os), iridium (Ir), platinum (Pt), aluminum (Al), gold (Au),

silver (Ag), or copper (Cu), an alloy material or a compound material including the

above-described element as a main component, or a single-layer film formed from

nitride of the above-described elements such as titanium nitride, tungsten nitride,

tantalum nitride, or molybdenum nitride can be used.

[0207]

Note that the metal film 511 may be formed directly on the substrate 310

without forming the base insulating film 312 over the substrate 310.

[0208]

Next, a gate electrode 512, wirings 314 and 315, and a terminal electrode 350



are formed by using the metal film 511 (see FIG. HB).

[0209]

Subsequently, a gate insulating film 514 which covers the gate electrode 512,

the wirings 314 and 315, and the terminal electrode 350 is formed. In this embodiment

mode, the gate insulating film 514 is formed using an insulating film including silicon

as a main component, for example, a silicon oxide film including nitrogen (composition

ratio of Si = 32%, O = 59%, N = 7%, H = 2%) formed with a thickness of 115 nm by

plasma CVD.

[0210]

Next, an island-shaped semiconductor region 515 is formed over the gate

insulating film 514. The island-shaped semiconductor region 515 is formed using

materials and a manufacturing process which are similar to those of the island-shaped

semiconductor region 331 described in Embodiment Mode 2 (see FIG. 11C).

[0211]

After the island-shaped semiconductor region 515 is formed, a mask 518 is

formed covering portions except for regions which later serve as a source region and

drain region 521 of a TFT 503, and an impurity which imparts one conductivity type is

introduced (see FIG. HD). As the one conductivity-type impurity, phosphorus (P) or

arsenic (As) may be used as an n-type impurity in the case of forming an n-channel TFT,

and boron (B) may be used as a p-type impurity in the case of forming a p-channel TFT.

In this embodiment mode, phosphorus (P) which is an n-type impurity is introduced into

the island-shaped semiconductor region 515 to form the source region and drain region

521 of the TFT 503 and a channel-forming region between these regions.

[0212]

Next, the mask 518 is removed, and the first interlayer insulating film which is

not shown, the second interlayer insulating film 316, and the third interlayer insulating

film 317 are formed (see FIG HE). It is acceptable as long as materials and a

manufacturing process of the first interlayer insulating film, the second interlayer

insulating film 316, and the third interlayer insulating film 317 are based on the

description in Embodiment Mode 2.

[0213]

Contact holes are formed in the gate insulating film 514, the first interlayer



insulating film, the second interlayer insulating film 316, and the third interlayer

insulating film 317, and a metal film is formed. In addition, the metal film is

selectively etched to form the wiring 319, the connection electrode 320, the terminal

electrode 351, the source electrode and drain electrode 531 of the TFT 503. Then, the

mask formed from a resist is removed. Note that the metal film of this embodiment

mode is a stacked-layer film of three layers of a Ti film with a thickness of 100 nm, an

Al film including a slight amount of silicon with a thickness of 350 nm, and a Ti film

with a thickness of 100 nm. Then protective electrodes 318, 533, 536 and 538 are

formed.

[0214]

Alternatively, as the wiring 319 and the protective electrode 318 thereof; the

connection electrode 320 and the protective electrode 533 thereof; the terminal

electrode 351 and the protective electrode 538 thereof; the source electrode and drain

electrode 531 of the TFT 503 and the protective electrode 536 thereof, each wiring and

electrode may be formed using a single-layer conductive film.

[0215]

Through the above-described process, the bottom-gate TFT 503 can be

manufactured (see FIG 12A).

[0216]

Next, the photoelectric conversion layer 111 including the p-type

semiconductor layer lllp, the i-type semiconductor layer llli, and the n-type

semiconductor layer 11In is formed over the third interlayer insulating film 317 (see

FIG 12B). As for a material, a manufacturing process, and the like of the

photoelectric conversion layer 111, Embodiment Mode 2 is referred to.

[0217]

Subsequently, the sealing layer 324 and the terminal electrodes 121 and 122 are

formed (see FIG. 12C). The terminal electrode 121 is connected to the n-type

semiconductor layer 11I n and the terminal electrode 122 is formed by the same process

as the terminal electrode 121.

[0218]

Further, a substrate 360 having electrodes 361 and 362 is mounted using

solders 364 and 363. Note that the electrode 361 on the substrate 360 is connected to



the terminal electrode 121 by the solder 364. In addition, the electrode 362 on the

substrate 360 is connected to the terminal electrode 122 by the solder 363 (see FIG. 13).

[0219]

In a photoelectric conversion circuit shown in FIG. 13, light which enters the

photoelectric conversion layer 111 can enter from both the substrate 310 side and the

substrate 360 side by using the substrate 310 and the substrate 360 which have

light-transmitting property.

[0220]

Note that this embodiment mode can be combined with the technical features

of the other embodiment modes in this specification.

(Embodiment Mode 5)

[0221]

This embodiment mode will show examples in each of which a photoelectric

conversion device of the present invention is provided in a housing to control the

direction of light which enters, with reference to FIGS. 14 A to 14B and FIGS. 15A and

15B.

[0222]

FIG. 14A shows that after the electrode 361 over the substrate 360 is connected

to the terminal electrode 121 in a photoelectric conversion device shown in FIG. 9C by

the solder 364, a housing 551 is formed so that light enters the photoelectric conversion

layer 111 not from a substrate 310 side but from a substrate 360 side. The housing 551

is provided with an opening portion in a region where the photoelectric conversion layer

111 on the substrate 360 side is formed.

[0223]

In FIG. 14A, there are the terminal electrode 121, the electrode 361, and the

solder 364; however, light which enters from the substrate 360 side enters diagonally

through the sealing layer 324. Accordingly, a photocurrent can be generated and light

can be detected.

[0224]

In addition, any material can be used for the housing 551 and housings 552 to

554 that are described below as long as it has function of shielding light. For example,

a resin material or the like having a metal material or a black pigment may be used.



[0225]

In FIG. 14B, the photoelectric conversion circuit shown in FIG. 13 is provided

with the housing 552 so that light enters the photoelectric conversion layer 111 not from

the substrate 310 side but from the substrate 360 side. The housing 552 is provided

with an opening portion in a region where the photoelectric conversion layer 111 on the

substrate 360 side is formed.

[0226]

In FIG. 14B as well as FIG. 14A, the light which enters from the substrate 360

side enters the photoelectric conversion layer 111 diagonally through the sealing layer

324, so that the photocurrent is generated and light can be detected.

[0227]

FIG. 15A shows that after the electrode 361 over the substrate 360 is mounted

on the terminal electrode 121 in a photoelectric conversion device shown in FIG. 9C by

the solder 364, the housing 553 is formed so that light enters the photoelectric

conversion layer 111 not from the substrate 360 side but from the substrate 310 side.

The housing 553 is provided with an opening portion in a region where the

photoelectric conversion layer 111 on the substrate 310 side is formed.

[0228]

In FIG. 15A, the light which enters from the substrate 310 side enters the

photoelectric conversion layer 111 directly through the third interlayer insulating film

317, so that the photocurrent is generated and light can be detected.

[0229]

In FIG. 15B, the photoelectric conversion circuit shown in FIG. 13 is provided

with the housing 554 so that light enters the photoelectric conversion layer 111 not from

the substrate 360 side but from the substrate 310 side. The housing 554 is provided

with an opening portion in a region where the photoelectric conversion layer 111 on the

substrate 310 side is formed.

[0230]

In FIG. 15B, the light which enters from the substrate 310 side enters the

photoelectric conversion layer 111 directly through the third interlayer insulating film

317, so that the photocurrent is generated and light can be detected.

[0231]



Note that this embodiment mode can be combined with the technical features

of the other embodiment modes in this specification.

(Embodiment Mode 6)

[0232]

In this embodiment mode, examples in each of which a photoelectric

conversion device obtained by using the present invention is incorporated in various

electronic devices is described. As examples of electronic devices to which the present

invention is applied, a computer, a display, a mobile phone, a television receiver, and

the like can be given. Specific examples of those electronic devices are shown in FIG.

16, FIGS. 17A and 17B, FIGS. 18A and 18B, FIG. 19, and FIGS. 2OA and 2OB.

[0233]

FIG. 16 shows a mobile phone which includes a main body (A) 701, a main

body (B) 702, a housing 703, operation keys 704, an audio input portion 705, an audio

output portion 706, a circuit substrate 707, a display panel (A) 708, a display panel (B)

709, a hinge 710, a light-transmitting material portion 711, and a photoelectric

conversion device 712. The present invention can be applied to the photoelectric

conversion device 712.

[0234]

The photoelectric conversion device 712 detects light which is transmitted

through the light-transmitting material portion 711, controls luminance of the display

panel (A) 708 and the display panel (B) 709 in accordance with illuminance of detected

external light, and controls illumination of the operation keys 704 in accordance with

illuminance obtained by the photoelectric conversion device 712. Thus, current

consumption of the mobile phone can be reduced.

[0235]

Next, FIGS. 17A and 17B show other examples of a mobile phone. In FIGS.

17A and 17B, a reference numeral 721 denotes a main body; a reference numeral 722

denotes a housing; a reference numeral 723 denotes a display panel; a reference numeral

724 denotes operation keys; a reference numeral 725 denotes an audio output portion; a

reference numeral 726 denotes an audio input portion; and reference numerals 727 and

728 denote photoelectric conversion devices.

[0236]



In the mobile phone shown in FIG 17A, luminance of the display panel 723

and the operation keys 724 can be controlled by detecting external light with the

photoelectric conversion device 727 provided in the main body 721.

[0237]

In the mobile phone shown in FIG. 17B, the photoelectric conversion device

728 is provided inside the main body 721 in addition to the structure of FIG. 17A. By

the photoelectric conversion device 728, luminance of a backlight provided for the

display panel 723 can be detected.

[0238]

FIG. 18A shows a computer, which includes a main body 731, a housing 732, a

display portion 733, a keyboard 734, an external connection port 735, a pointing device

736, and the like.

[0239]

FIG. 18B shows a display device, and a TV receiver or the like corresponds to

this. The display device includes a housing 741, a support base 742, a display portion

743, and the like.

[0240]

FIG. 19 shows a specific structure of the case where a liquid crystal panels is

used for the display portion 733 provided in the computer of FIG. 18A and the display

portion 743 of the display device shown in FIG. 18B.

[0241]

A liquid crystal panel 762 shown in FIG. 19 is incorporated in a housing 761

and includes substrates 751a and 751b, a liquid crystal layer 752 sandwiched between

the substrates 751a and 751b, polarizing filters 752a and 752b, a backlight 753, and the

like. An photoelectric conversion device 754 is formed in the housing 761.

[0242]

The photoelectric conversion device 754 which is manufactured using the

present invention detects the amount of light from the backlight 753, and luminance of

the liquid crystal panel 762 is adjusted when information thereof is fed back.

[0243]

FIGS. 2OA and 2OB are diagrams each showing an example in which the

photoelectric conversion device of the present invention is incorporated in a camera



such as a digital camera. FIG. 2OA is a front perspective view of the digital camera,

and FIG. 20B is a back perspective view of the digital camera. In FIG. 20A, the digital

camera includes a release button 801, a main switch 802, a finder window 803, a flash

portion 804, a lens 805, a lens barrel 806, and a housing 807.

[0244]

In addition, as shown in FIG. 2OB, a finder eyepiece window 811, a monitor

812, and operation buttons 813 are included.

[0245]

When the release button 801 is pressed down halfway, a focusing adjusting

mechanism and an exposure adjusting mechanism are operated, and a shutter is opened

when the release button is fully pressed down.

[0246]

The main switch 802 switches ON/OFF of a power source of the digital camera

by being pressed or rotated.

[0247]

The finder window 803 is provided above the lens 805 of a front side of the

digital camera, and is a device for confirming an area which is photographed or a focus

position from the finder eyepiece window 811 shown in FIG. 2OB.

[0248]

The flash portion 804 is provided at the upper portion of the front side of the

digital camera, and when luminance of an object is low, auxiliary light is emitted at the

same time as the release button is pressed down and the shutter is opened.

[0249]

The lens 805 is provided at the front face of the digital camera. The lens 805

includes a focusing lens, a zoom lens, or the like, and forms a photographing optical

system with a shutter and a diaphragm which are not shown. In addition, an image

pickup device such as CCD (charge coupled device) is provided at the back of the lens

805.

[0250]

The lens barrel 806 moves a position of the lens 805 to adjust the focus of the

focusing lens, the zoom lens, or the like. At the time of photographing, the lens barrel

806 is slid out to move the lens 805 forward. Further, when the camera is carried, the



lens 805 is moved backward and made compact. Note that although a structure in

which the lens barrel is slid out so that an object can be enlarged and photographed is

employed in this embodiment mode, the present invention is not limited this structure.

A structure may be employed in which zoom shooting can be performed without sliding

out the lens barrel by using the photographing optical system inside the housing 807.

[0251]

The finder eyepiece window 811 is provided at the upper portion of the back

surface of the digital camera and is a window for looking through when recognizing an

area which is taken or a focus point.

[0252]

The operation buttons 813 are buttons for various functions which are provided

at the back surface of the digital camera and include a setup button, a menu button, a

display button, a functional button, a selection button, and the like.

[0253]

When a photoelectric conversion device of the present invention is

incorporated in the camera shown in FIGS. 2OA and 2OB, the photoelectric conversion

device can detect existence or nonexistence of light and light intensity, so that exposure

adjustment or the like of the camera can be performed. In the photoelectric conversion

device of the present invention, the output which is almost in proportion to the

logarithm of the illuminance can be obtained and an illuminance range which is

applicable for the photoelectric conversion device can be widened.

[0254]

In addition, the photoelectric conversion device of the present invention can be

applied to other electronic devices such as a projection television and a navigation

system. That is, the optical sensor of the present invention can be used for any device

where light is necessary to be detected.

[0255]

Note that this embodiment mode can be combined with the technical features

of the other embodiment modes in this specification.

This application is based on Japanese Patent Application serial no.

2007-193015 filed with Japan Patent Office on July 25, 2007 and Japanese Patent



Application serial no. 2007-193151 filed with Japan Patent Office on July 25, 2007, the

entire contents of which are hereby incorporated by reference.



CLAIMS

1. A photoelectric conversion device comprising:

a photoelectric conversion element;

a first transistor configured to refer an illuminance-current generated at the

photoelectric conversion element;

a plurality of output generation circuits;

a load resistor; and

an output terminal,

wherein the photoelectric conversion element is electrically connected to the

first transistor,

wherein the plurality of output generation circuits each includes a second

transistor and an internal resistor electrically connected in series, and a first terminal of

the internal resistor is electrically connected to a first electrode of the second transistor,

wherein a gate electrode of the first transistor is electrically connected to a gate

electrode of each of the second transistors,

wherein a second terminal of each of the internal resistors is electrically

connected to a first terminal of the load resistor,

wherein a first electrode of the first transistor and a second electrode of each of

the second transistors are electrically connected to a first power supply line,

wherein a second terminal of the road resistor is electrically connected to a

second power supply line, and

wherein the first terminal of the load resistor is electrically connected to the

output terminal.

2. The photoelectric conversion device according to claim 1,

wherein a first electrode of the photoelectric conversion element is electrically

connected to the first terminal of the first transistor,

wherein a second terminal of the first transistor is electrically connected to the

second power supply line, and

wherein a second electrode of the photoelectric conversion element is

electrically connected to the second power supply line.



3. The photoelectric conversion device according to claim 2 further comprising

a third transistor and a fourth transistor,

wherein a first terminal of the third transistor is electrically connected to a gate

electrode of the third transistor and the second electrode of the photoelectric conversion

element,

wherein a first terminal of the fourth transistor is electrically connected to the

second terminal of the first transistor,

wherein a gate electrode of the fourth transistor is electrically connected to the

gate electrode of the third transistor, and

wherein a second terminal of the fourth transistor is electrically connected to

the second power supply line.

4. The photoelectric conversion device according to claim 1,

wherein ratios of a channel length L to a channel width W, α = W/L, of the

second transistors are different from each other.

5. The photoelectric conversion device according to claim 1,

wherein the first transistor is a thin film transistor.

6. The photoelectric conversion device according to claim 1,

wherein the photoelectric conversion element, the first transistor, the plurality

of output generation circuits, the load resistor, and the output terminal are provided over

a light-transmitting substrate.

7. An electronic device comprising a display portion having the photoelectric

conversion device according to claim 1.

8. A photoelectric conversion device comprising:

a photoelectric conversion element;

a first transistor;

a plurality of output generation circuits;

a load resistor; and



an output terminal,

wherein the plurality of output generation circuits each includes a second

transistor and an internal resistor electrically connected in series, and a first terminal of

the internal resistor is electrically connected to a first electrode of the second transistor,

wherein a first electrode of the photoelectric conversion element is electrically

connected to a first electrode and a gate electrode of the first transistor,

wherein a second terminal of each of the internal resistors is electrically

connected to a first terminal of the load resistor,

wherein a second electrode of the first transistor and a second electrode of each

of the second transistors are electrically connected to a first power supply line,

wherein the gate electrode of the first transistor and a gate electrode of each of

the second transistors are electrically connected each other,

wherein a second electrode of the photoelectric conversion element and a

second terminal of the load resistor are electrically connected to a second power supply

line, and

wherein the first terminal of the load resistor are electrically connected to the

output terminal.

9. The photoelectric conversion device according to claim 8,

wherein ratios of a channel length L to a channel width W, α = W/L, of the

second transistors are different from each other.

10. The photoelectric conversion device according to claim 8,

wherein the first transistor is a thin film transistor.

11. The photoelectric conversion device according to claim 8,

wherein the photoelectric conversion element, the first transistor, the plurality

of output generation circuits, the load resistor, and the output terminal are provided over

a light-transmitting substrate.

12. An electronic device comprising a display portion having the photoelectric

conversion device according to claim 8.



13. A photoelectric conversion device comprising:

a photoelectric conversion element;

a first transistor which is a p-channel field effect transistor;

a plurality of output generation circuits;

a load resistor; and

an output terminal,

wherein the plurality of output generation circuits each includes a second

transistor which is a p-channel field effect transistor and an internal resistor first

terminal of which is electrically connected to a first electrode of the second transistor,

wherein a cathode of the photoelectric conversion element s electrically

connected to a first electrode and a gate electrode of the first transistor and a gate

electrode of each of the second transistors,

wherein a second terminal of each of the internal resistors is electrically

connected to a first terminal of the load resistor,

wherein a second electrode of the first transistor and a second electrode of each

of the second transistors are electrically connected to a high potential side power supply

line,

wherein an anode of the photoelectric conversion element and a second

terminal of the load resistor are electrically connected to a low potential side power

supply line, and

wherein the first terminal of the load resistor is electrically connected to the

output terminal.

14. The photoelectric conversion device according to claim 13,

wherein ratios of a channel length L to a channel width W, α = W/L, of the

second transistors are different from each other.

15. The photoelectric conversion device according to claim 13,

wherein the p-channel field effect transistor is a thin film transistor.

16. The photoelectric conversion device according to claim 13,



wherein the photoelectric conversion element, the first transistor, the plurality

of output generation circuits, the load resistor, and the output terminal are provided over

a light-transmitting substrate.

17. An electronic device comprising a display portion having the photoelectric

conversion device according to claim 13.

18. A photoelectric conversion device comprising:

a photoelectric conversion element;

a first transistor which is an n-channel field effect transistor;

a plurality of output generation circuits;

a load resistor; and

an output terminal,

wherein the plurality of output generation circuits each includes a second

transistor which is an n-channel field effect transistor and an internal resistor a first

terminal of which is electrically connected to a first electrode of the second transistor,

wherein an anode of the photoelectric conversion element is electrically

connected to a first electrode and a gate electrode of the first transistor and a gate

electrode of each of the second transistors,

wherein a second terminal of each of the internal resistors is electrically

connected to a first terminal of the load resistor,

wherein a cathode of the photoelectric conversion element and a second

terminal of the load resistor are electrically connected to a high potential side power

supply line,

wherein a second electrode of the first transistor and a second electrode of each

of the second transistors are electrically connected to a low potential side power supply

line, and

wherein the first terminal of the load resistor is electrically connected to the

output terminal.

19. The photoelectric conversion device according to claim 18,

wherein ratios of a channel length L to a channel width W, α = W/L, of the



second transistors are different from each other.

20. The photoelectric conversion device according to claim 18,

wherein the n-channel field effect transistor is a thin film transistor.

21. The photoelectric conversion device according to claim 18,

wherein the photoelectric conversion element, the first transistor, the plurality

of output generation circuits, the load resistor, and the output terminal are provided over

a light-transmitting substrate.

22. An electronic device comprising a display portion having the photoelectric

conversion device according to claim 18.

23. A photoelectric conversion device comprising:

a photoelectric conversion element;

a first transistor which is a p-channel field effect transistor;

a second transistor which is an n-channel field effect transistor;

a third transistor which is an n-channel field effect transistor;

a plurality of output generation circuits;

a load resistor; and

an output terminal,

wherein the plurality of output generation circuits each includes a fourth

transistor which is a p-channel field effect transistor and an internal resistor a first

terminal of which is electrically connected to a first electrode of the fourth transistor,

wherein an anode of the photoelectric conversion element is electrically

connected to a first electrode and a gate electrode of the second transistor,

wherein the gate electrode of the second transistor is electrically connected to a

gate electrode of the third transistor,

wherein a first electrode of the third transistor is electrically connected to a first

electrode and a gate electrode of the first transistor and a gate electrode of the fourth

transistor,

wherein a second terminal of the internal resistor is electrically connected to a



first terminal of the load resistor,

wherein a cathode of the photoelectric conversion element, a second electrode

of the first transistor, and a second electrode of the fourth transistor are electrically

connected to a high potential side power supply line,

wherein a second electrode of the second transistor, a second electrode of the

third transistor and a second terminal of the load resistor are electrically connected to a

low potential side power supply line, and

wherein the first terminal of the load resistor is electrically connected to the

output terminal.

24. The photoelectric conversion device according to claim 23,

wherein ratios of a channel length L to a channel width W, α = W/L, of the

fourth transistors are different from each other.

25. The photoelectric conversion device according to claim 23,

wherein each of the p-channel field effect transistor and the n-channel field

effect transistor is a thin film transistor.

26. The photoelectric conversion device according to claim 23,

wherein the photoelectric conversion element, the first transistor, the second

transistor, the third transistor, the plurality of output generation circuits, the load

resistor, and the output terminal are provided over a light-transmitting substrate.

27. An electronic device comprising a display portion having the photoelectric

conversion device according to claim 23.

28. A photoelectric conversion device comprising:

a photoelectric conversion element;

a first transistor which is an n-channel field effect transistor;

a second transistor which is a p-channel field effect transistor;

a third transistor which is a p-channel field effect transistor;

a plurality of output generation circuits;



a load resistor; and

an output terminal,

wherein the plurality of output generation circuits each includes a fourth

transistor which is an n-channel field effect transistor and an internal resistor a first

terminal of which is electrically connected to a first electrode of the fourth transistor,

wherein a cathode of the photoelectric conversion element is electrically

connected to a first electrode and a gate electrode of the second transistor,

wherein the gate electrode of the second transistor is electrically connected to a

gate electrode of the third transistor,

wherein a first electrode of the third transistor is electrically connected to a first

electrode and a gate electrode of the first transistor and a gate electrode of each of the

fourth transistor,

wherein a second terminal of each of the internal resistor is electrically

connected to a first terminal of the load resistor,

wherein an anode of the photoelectric conversion element, a second electrode

of the first transistor and a second electrode of each of the fourth transistor are

electrically connected to a low potential side power supply line,

wherein a second electrode of the second transistor, a second electrode of the

third transistor and a second terminal of the load resistor are electrically connected to a

high potential side power supply line, and

wherein the first terminal of the load resistor is electrically connected to the

output terminal.

29. The photoelectric conversion device according to claim 28,

wherein ratios of a channel length L to a channel width W, α = W/L, of the

fourth transistors are different from each other.

30. The photoelectric conversion device according to claim 28,

wherein each of the p-channel field effect transistor and the n-channel field

effect transistor is a thin film transistor.

31. The photoelectric conversion device according to claim 28,



wherein the photoelectric conversion element, the first transistor, the second

transistor, the third transistor, the plurality of output generation circuits, the load

resistor, and the output terminal are provided over a light-transmitting substrate.

32. An electronic device comprising a display portion having the photoelectric

conversion device according to claim 28.
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