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DESCRIPTION
MEMORY DEVICE

TECHNICAL FIELD
[0001]

| The present invention relates to a memory device including a transistor,
particularly a memory device including a fransistor using an oxide semiconductor film

for a channel.

BACKGROUND ART
[0002]

A memory device includes a plurality of memory cells. In some cases, it is
necessary to prevent access to part of the memory cells by a third party such as a
consumer. In Patent Document 1, a memory is disclosed in which data cannot be read
without inputting a predetermined keyword. A third party cannot read the data because
of the necessity of inputting a keyword.

[Reference]
[0003]
[Patent Document 1]

Publication of Unexamined Utility Model Application No. H2-14150

DISCLOSURE OF INVENTION
[0004]

According to Patent Document 1, a third party cannot read data; however, a
logic circuit needs to be additionally provided to require a keyword or the like.
[0005]

One embodiment of the present invention provides a memory device, without
additional logic circuits, including a memory cell which cannot be easily accessed by a
third party and which is always accessible when needed.

[0006]

The present inventor found the phenomenon of changes in the threshold
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voltage of a transistor, which uses an oxide semiconductor film for a channel, before
ultraviolet (UV) ray irradiation, at the time of UV ray irradiation, and after UV ray
irradiation. Then, the present inventor thought that, by utilizing the phenomenon, the
aforementioned problem could be solved with use of a memory device including a
memory cell provided with such a transistor.

[0007]

According to a first embodiment of the present invention, a memory device
includes a first memory cell and a second memory cell. The first memory cell includes
a first transistor and a first memory element; the first transistor includes a first channel,
a first gate electrode, and a first source and drain electrodes; the first gate electrode is
part of a first word line or is electrically connected to the first word line; and one of the
first source and drain electrodes is part of a first bit line or is electrically connected to
the first bit line and the other is electrically connected to the first memory element.
The second memory cell includes a second transistor and a second memory element; the
second transistor includes a second channel, a second gate electrode, and a second
source and drain electrodes; the second gate electrode is part of a second word line or is
electrically connected to the second word line; the second channel is formed of an oxide
semiconductor film; and one of the second source and drain electrodes is part of a
second bit line or is electrically connected to the second bit line and the other is
electrically connected to the second memory element. A threshold voltage (V1) of the
second transistor before ultraviolet ray irradiation is higher than a threshold voltage (V,)
of the first transistor; a threshold voltage (V22) of the second transistor at the time of
ultraviolet ray irradiation is lower than the voltage V,;; and a threshold voltage (V23) of
the second transistor after ultraviolet ray irradiation is lower than the voltage V,; and
higher than the voltage V», and the voltage V;. Data stored in the second memory
clement is read when a voltage (Vg) is applied to the second gate electrode of the
second transistor which is being irradiated with ultraviolet rays so that the second
transistor is turned on. Note that V; < Vg (the voltage Vg is equal to or higher than the
voltage V), and Vi = Vg < Va3 < Vy (the voltage Vg is equal to or higher than the
voltage V) are satisfied.

[0008]
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In the above embodiment, data stored in the first memory element may be read
by applying the voltage Vg to the first gate electrode to turn on the first transistor.
[0009]

In the above embodiment, the memory device may include a writing circuit, an
analog switch, and a third transistor. The third transistor includes a third channel, a
third gate electrode, and a third source and drain electrodes, and the third channel is
formed of an oxide semiconductor film. An output of the writing circuit is input to the
analog switch; an output of the analog switch is input to one of the source electrode and
the drain electrode of the second transistor; a writing enable signal is input to one of the
third source and drain electrodes; the other of the third source and drain electrodes is
connected to a first control terminal of the analog switch; and an inverted signal of the -
writing enable signal is input to a second control terminal of the analog switch. A
threshold voltage of the third transistor before ultraviolet ray irradiation is Vi;; a
threshold voltage of the third transistor at the time of ultraviolet ray irradiation is Vs;;
and a threshold voltage of the third transistor after ultraviolet ray irradiation is Vis.
Data is written to the second memory element in the following manner: a voltage (Va)
is applied to the third gate electrode which is being irradiated with ultraviolet rays so
that the third transistor is turned on, the writing enable signal is input to the first control
terminal, the output of the writing circuit is input to one of the second source and drain
electrodes, and a voltage (Vw) is applied to the second gate electrode so that the second
transistor is turned on. Note that V3, < V4 < V33 < V31 (the voltage V, is equal to or
higher than the voltage V3,), and Va3 < Vy; < Vyy are satisfied.

[0010]

According to a second embodiment of the present invention, a memory device
includes a first memory cell having a first transistor and a first memory element, a
second memory cell having a second transistor and a second memory element, and a
third transistor. The first transistor includes a first channel, a first gate electrode, and a
first source and drain electrodes; the first gate electrode is part of a first word line or is
electrically connected to the first word line; and one of the first source and drain
electrodes is part of a first bit line or is electrically connected to the first bit line and the

other is electrically connected to the first memory element. The second transistor
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includes a second channel, a second gate electrode, and a second source and drain
electrodes; the second gate electrode is part of a second word line or is electrically
connected to the second word line; and one of the second source and drain electrodes is
part of a second bit line or is electrically connected to the second bit line and the other is
electrically connected to the second memory element. The third transistor includes a
third channel, a third gate electrode, and a third source and drain electrodes; the third
channel is formed of an oxide semiconductor film; and one of the third source and drain
electrodes is electrically connected to the second word line and a selection signal to.turn
on the second transistor is input to the other of the third source and drain electrodes. A
threshold voltage of the third transistor before ultraviolet ray irradiation is Vj;; a
threshold letage of the third transistor at the time of ultraviolet ray irradiation is Vs;;
and a threshold voltage of the third transistor after ultraviolet ray irradiation is Vss.
Data is written to and read from the second memory element in the following manner: a
voltage (Vg) is applied to the third gate electrode which is being irradiated with
ultraviolet rays so that the third transistor is turned on, and the selection signal is input
to the second gate electrode so that the second transistor is turned on. Note that V3, <
Vs < V33 < V3; (the voltage Vg is equal to or higher than the voltage V3,) is satisfied.
[0011]

According to a third embodiment of the present invention, a memory device
includes a first memory cell having a first transistor and a first memory element, a
second memory cell having a second transistor and a second memory element, a third
transistor, and a fourth transistor. The first transistor includes a first channel, a first
gate electrode, and a first source and drain electrodes; the first gate electrode is part of a
first word line or is electrically connected to the first word line; and one of the first
source and drain electrodes is part of a first bit line or is electrically connected to the
first bit line and the other is electrically connected to the first memory element. The
second transistor includes a second channel, a second gate electrode, and a second
source and drain electrodes; the second gate electrode is part of a second word line or is
electrically connected to the second word line; and one of the second source and drain
electrodes is part of a second bit line or is electrically connected to the second bit line

and the other is electrically connected to the second memory element. The third
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transistor includes a third channel, a third gate electrode, and a third source and drain
electrodes; and one of the third source and drain electrodes is electrically connected to
the second word line and a selection signal to turn on the second transistor is input to
the other of the third source and drain electrodes. The fourth transistor includes a
fourth channel, a fourth gate electrode, and a fourth source and drain electrodes; the
fourth channel is formed of an oxide semiconductor film; and one of the fourth source
and drain electrodes is electrically connected to the third gate electrode and a selection
signal to turn on the third transistor is input to the other of the fourth source and drain
electrodes. A threshold voltage of the fourth transistor before ultraviolet ray
irradiation is Vs;; a threshold voltage of the fourth transistor at the time of ultraviolet
ray irradiation is V3;; and a threshold voltage of the fourth transistor after ultraviolet ray
irradiation is V33. Data is written to and read from the second memory element in the
following manner: a voltage (V) is applied to the fourth gate electrode which is being
irradiated with ultraviolet rays so that the fourth transistor is turned on and thus the third
transistor is turned on, and a selection signal to turn on the second transistor is input to
the second gate electrode so that the second transistor is turned on. Note that V3, < Vg
< V33 < V31 (the voltage Vg is equal to or higher than the voltage V3,) is satisfied.

[0012]

The aforementioned memory device according to the second embodiment or
the third embodiment may include a decoder, a level shifter, and a buffer, so that one of
the third source and drain electrodes is electrically connected to the second word line
through the level shifter and the buffer, and the selection signal is input from -the
decoder to the other of the third source and drain electrodes.

[0013]

The aforementioned memory device according to the second embodiment or
the third embodiment may include a decoder, a level shifter, a buffer, and an address
line, so that one of the third source and drain electrodes is electrically connected to the
second word line through the decoder, the level shifter, and the buffer, and the selection
signal is input from the address line to the other of the third source and drain electrodes.
[0014]

The first to third embodiments of the present invention provide a memory
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device including a memory cell, without additional logic circuits, which cannot be

accessed by a third party and which is always accessible when needed.

BRIEF DESCRIPTION OF DRAWINGS
[0015]
In the accompanying drawings:
FIG. 1 is a diagram illustrating a memory device of Embodiment 1;
FIG. 2 is a graph showing a change in threshold voltage;
FIG. 3 is a cross-sectional view of a memory device;
FIG. 4 is a diagram illustrating a memory device;
FIG. 5 is a graph showing a change in threshold voltage;
FIG. 6 is a diagram illustrating a memory device of Embodiment 2;
FIG. 7 is a diagram illustrating the memory device of Embodiment 2;
FIG. 8 is a diagram illustrating a memory device of Embodiment 4;
FIG. 9 is a graph showing a change in threshold voltage;
FIG. 10 is a diagram illustrating a memory module;
FIG. 11 is a diagram illustrating an RFID tag;
FIG. 12 is a diagram illustrating an RFID tag;
FIGS. 13A to 13F are views illustrating application examples of an RFID tag;
FIGS. 14A to 14C are graphs each showing a change in threshold voltage;
FIG. 15 is a diagram illustrating a memory module; and

FIG. 16 is a diagram illustrating a memory device of Embodiment 3.

BEST MODE FOR CARRYING OUT THE INVENTION
[0016]

Embodiments of the present invention will be described below. Note that the
present invention can be implemented in many different modes, and it is apparent to
those skilled in the art that modes and details can be modified in various ways without
departing from the spirit and scope of the present invention. Therefore, the present
invention is not construed as being limited to the description of the embodiments.
Note that in the following description, like portions or portions having a similar

function are denoted by like reference numerals in different drawings, and the
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description thereof is omitted in some cases.
[0017]
(Embodiment 1)

This embodiment shows a memory device including a first memory cell and a
second memory cell, and using an oxide semiconductor film for a second channel of a
second transistor provided in the second memory cell. Specifically, the memory
device includes a first memory cell and a second memory cell, and the first memory cell
includes a first transistor and a first memory element; the first transistor includes a first
channel, a first gate electrode, and a first source and drain electrodes; the first gate
electrode is part of a first word line or is electrically connected to the first word line;
and one of the first source and drain electrodes is part of a first bit line or is electrically
connected to the first bit line and the other is electrically connected to the first memory
element. The second memory cell includes a second transistor and a second memory
element; the second transistor includes a second channel, a second gate electrode, and a
second source and drain electrodes; the second gate electrode is part of a second word
line or is electrically connected to the second word line; the second channel is formed of
an oxide semiconductor film; and one of the second source and drain electrodes is part
of a second bit line or is electrically connected to the second bit line and the other is

electrically connected to the second memory element. A threshold voltage (V2;) of the

‘second transistor before ultraviolet ray irradiation is higheAr'than a threshold voltage (V)

of the first transistor; a threshold voltage (V22) of the second transistor at the time of
ultraviolet ray irradiation is lower than the voltage V»;; and a threshold voltage (V23) of
the second transistor after ultraviolet ray irradiation is lower than the voltage V,; and
higher than the voltage V»; and the voltage V;. A voltage (V) is applied to the second
gate electrode of the second transistor which is being irradiated with ultraviolet rays so
that the second transistor is turned on, whereby- data stored in the second memory
element is read. Note that V; < Vg (Vg is equal to or higher than V), and V; < Vg <
Va3 < V2 (the voltage Vg is equal to or higher than the voltage V;;) are satisfied.
[0018]

A memory device 1 includes a first memory cell 2 and a second memory cell 3

(FIG. 1).
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[0019]

The first memory cell 2 includes a first transistor 4 and a first memory element
5. The first transistor 4 includes a first channel 17, a first gate electrode 22, an
electrode 25 (one of a first source and drain electrodes), and an electrode 26 (the other
of the first source and drain electrodes). The first gate electrode 22 is electrically
connected to a first word line 6, the electrode 25 is electrically connected to a first bit
line 7, and the electrode 26 is electrically connected to the first memory element 5. A
semiconductor film made of silicon is used for the first channel 17. Alternatively, a
semiconductor film made of germanium, silicon-germanium, gallium arsenide, silicon
carbide, or the like may be used. The threshold voltage of the first transistor 4 is V;.
Note that the first gate electrode 22 may be part of the first word line 6, and the
electrode 25 may be part of the first bit line 7.
[0020]

The second memory cell 3 includes a second transistor 8 and a second memory
element 9. The second transistor 8 includes a second channel 301, a second gate

electrode 30, an electrode 33 (one of a second source and drain electrodes), and an

-electrode 34 (the other of the second source and drain electrodes). The second gate

electrode 30 is electrically connected to a second word line 10, the electrode 33 is
electrically connected to a second bit line 11, and the electrode 34 is electrically

connected to the second memory element 9. The second channel 301 is formed of an

- oxide semiconductor film. Note that the second gate electrode 30 may be part of the

second word line 10, and the electrode 33 may be part of the second bit line 11.
[0021]

The threshold voltage of the second transistor 8 changes when the second
channel 301 is irradiated with ultraviolet (UV) rays (FIG. 2). FIG 2 schematically
shows the relationship between the gate voltage (Vg) and the drain current (Id) of the
second transistor 8. A line 41, a line 42, and a line 43 represent the Vg-1d relationship
of the second transistor 8 before UV ray irradiation, at the time of UV ray irradiation,
and after UV ray irradiation, respectively. The threshold voltage of the second
transistor 8 is V5; without UV ray irradiation (before UV ray irradiation); V,; at the time
of UV ray irradiation; and Vy; after UV ray irradiation. That is, Vi < Vo3 < Vi

satisfied. In this manner, the transistor using an oxide semiconductor for the channel



10

15

20

25

30

WO 2011/062029 9 PCT/JP2010/068789

operates differently from a transistor using a material other than an oxide semiconductor,
such as silicon. The memory device 1 is controlled by utilizing this phenomenon.
[0022]

When data reading is practically performed, the voltage Vg which satisfies V2,
< Vg < V23 < V3 (the voltage Vg is equal to or higher than the voltage V»») is applied to
the second gate electrode 30 of the second transistor 8. As a result, the second
transistor 8 can be turned on when being irradiated with UV rays, while the second
transistor 8 is kept off when not being irradiated with UV rays. Note that the
off-current of the second transistor 8 increases at the time of UV ray irradiation due to
photo-leakage current.

[0023]

The irradiated UV rays have a wavelength of 10 nm to 400 nm. As the
wavelength of UV rays becomes shorter, the value of V,; decreases. As a light source,
a commercially available UV lamp, excimer laser, or the like is used. The irradiation
intensity depends on the wavelength and the light source, and may be set to about 0.01

to 1.00 mW/cm>.

[0024]

Next, the operation of the memory device 1 will be described. The first

" memory element 5 stores data that can be accessed by a third party, and the second

memory element 9 stores data that should not be accessed by a third party. The

- threshold voltage of the first transistor 4 is Vy, and V; < V3 < 'V21 is satisfied. Note

that in the case where the first channel 17 i1s made of silicon, the first channel 17 is

doped with an n-type or p-type impurity ion if needed, whereby the threshold voltage V,
of the first transistor 4 is shifted.
[0025]
1. Reading data from the first memory element 5

Described first is operation in reading data (charges) stored in the first memory
element 5. A voltage Vg is applied to the first word line 6 so that the voltage Vg is
applied to the first gate electrode 22 of the first transistor 4; thus, the first transistor 4 is
turned on. When the first transistor 4 is turned on, data is read from the first memory

element 5 to the first bit line 7 through the first transistor 4. Note that V; < Vg < V3 <
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V5, is satisfied.
[0026]

On the other hand, when the voltage Vg is applied to the second word line 10,
the voltage Vg is applied to the second gate electrode 30 of the second transistor 8.
Since the voltage Vg is lower than the threshold voltage (V1) of the second transistor 8
which is not irradiated with UV rays, the second transistor 8 is kept off. Therefore,
data is not read from the second memory element 9.
[0027]
2. Reading data from the first memory element 5 and the second memory element 9

Described next is operation in reading data stored in the first memory element
5 and data stored in the second memory element 9. A voltage Vg is applied to the first
word line 6 so that the voltage V¢ is applied to the first gate electrode 22 of the first
transistor 4; thus, the first transistor 4 is turned on. -When the first transistor 4 is turned
on, data is read from the first memory element 5 to the first bit line 7 through the first
transistor 4.
[0028]

On the other hand, when the voltage Vg is applied to the second word line 10,

‘the voltage Vg is applied to the second gate electrode 30 of the second transistor 8. At

this time, the second transistor 8, specifically, the second channel 301 is irradiated with
UV rays. The threshold voltage of the second transistor 8 changes from V;; to V.
Since the voltage Vg is higher than the threshold voltage (V22) of the second transistor 8
which is irradiated with UV rays, the second transistor 8 is turned on. When the
second transistor 8 is turned on, data is read from the second memory element 9 to the
second bit line 11 through the second transistor 8.
[0029]

After the data is read from the second memory element 9, UV ray irradiation to
the second transistor 8 is stopped. The threshold voltage of the second transistor 8
changes from V3; to V3.
[0030]
3. Reading data from the first memory element 5 after the threshold voltage of the
second transistor 8 changes to V3

Described is operation in reading data from the first memory element 5 after
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the threshold voltage of the second transistor 8 changes to V3. A voltage Vg is
applied to the first word line 6 so that the voltage Vg is applied to the first gate electrode
22 of the first transistor 4; thus, the first transistor 4 is turned on. When the first
transistor 4 is turned on, data is read from the first memory element 5 to the first bit line
7 through the first transistor 4.
[0031]

On the other hand, when the voltage Vg is applied to the second word line 10,

the voltage Vg is applied to the second gate electrode 30 of the second transistor 8.

Since the voltage Vg is lower than the threshold voltage (V23) of the second transistor 8,

the second transistor 8 is kept off. Therefore, data is not read from the second memory
element 9.

[0032]

4. Reading data from the first memory element 5 and the second memory element 9
after the threshold voltage of the second transistor 8 changes to V3

Described next is operation in reading data stored in the first memory element
5 and data stored in the second memory element 9. A voltage Vg is applied to the first
word line 6 so that the voltage Vg is applied to the first gate electrode 22 of the first
transistor 4; thus, the first transistor 4 is turned on. When the first transistor 4 is turned
on, data is read from the first memory element 5 to the first bit line 7 through the first
transistor 4. |
[0033]

On the other hand, when the voltage Vg is applied to the second word line 10,
the voltage Vg is applied to the second gate electrode 30 of the second transistor 8. At
this time, the second transistor 8 is irradiated with UV rays. The threshold voltage of
the second transistor 8 changes from V3 to V. Since the voltage Vg is higher than

the threshold voltage (V22) of the second transistor 8 which is irradiated with UV rays,

. the second transistor 8 is turned on. When the second transistor 8 is turned on, data is

read from the second memory element 9 to the second bit line 11 through the second
transistor 8. After the data is read from the second memory element 9, UV ray
irradiation to the second transistor 8 is stopped.

[0034]

5. Writing data to the first memory element S and the second memory element 9
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Described next is operation in writing data to the first memory element 5 and
the second memory element 9. A voltage Vw is applied to the first word line 6 so that

the voltage Vw is applied to the first gate electrode 22 of the first transistor 4; thus, the

first transistor 4 is turned on. When the first transistor 4 is turned on, data is written

from the first bit line 7 to the first memory element 5 through the first transistor 4.
Note that V; < Va3 < V21 < Vy is satisfied.
[0035]

On the other hand, when the voltage V is applied to the second word line 10,
the voltage Vw is applied to the second gate electrode 30 of the second transistor 8 so
that the second transistor 8 is turned on. When the second transistor 8 is turned on,
data is written from the second bit line 11 to the second memory element 9 through the
second transistor 8.

[0036]

Described next are the first transistor 4, the second transistor 8, the first

memory element 5, and the second memory element 9 that are included in the memory

device 1 (FIG. 3). FIG. 3 is a cross-sectional view of the first transistor 4, the second

" transistor 8, the first memory element 5, and the second memory element 9.

[0037]
(First transistor 4)
The first transistor 4 includes a silicon film 20 having the first channel 17, a

first gate insulating film 21, the first gate electrode 22, the electrode 25 (one of the first

“source and drain electrodes), and the electrode 26 (the other of the first source and drain

electrodes). A region 18 is one of a first source and drain regions, and a region 19 is
the other of the first source and drain regions.
[0038]

The first transistor 4 is provided over an insulating film 16 which is a base film
over the substrate 15. The insulating film 16 prevents impurities contained in the
substrate 15, such as metal ions, from entering the first transistor 4, the first memory
element 5, the second transistor 8, and the second memory element 9. The silicon film
20 is provided over the insulating film 16. The first gate insulating film 21 is provided
over the silicon film 20. The first gate electrode 22 is provided over the first gate

insulating film 21. The electrode 25 is provided over the silicon film 20 so as to be in
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contact with the region 18, and the electrode 26 is provided over the silicon film 20 so
as to be in contact with the region 19. ‘Note that although a top-gate thin film transistor
(TFT) is shown as the first transistor 4, the first transistor 4 may be a bottom-gate TFT.
[0039] '

The first gate electrode 22 is electrically connected to the first word line 6 (not
illustrated).  Alternatively, the first gate electrode 22 may be part of the first word line
6.

[0040]

The electrode 25 is electrically connected to the first bit line 7 (not illustrated).
Alternatively, the electrode 25 may be part of the first bit line 7.

[0041] |

A light-shielding film may be provided over the first transistor 4 (e.g., over an
insulating film 29), so that the first transistor 4 is not irradiated with UV rays when the
second transistor 8 is irradiated with UV rays.

[0042]
(First memory element 5)

The first memory element 5 includes an electrode 27, the first gate insulating
film 21, and an electrode 28.

[0043]
The first memory element 5 is provided over the insulating film 16 which is a

base film over the substrate 15. The electrode 27 is provided over the insulating film

16. The first gate insulating film 21 is provided over the electrode 27. The electrode

28 is provided over the first gate insulating film 21. The electrode 26 is provided to be
in contact with the electrode 28. The electrode 27 may be grounded. The structure of
the first memory element 5 is not limited to the above one, and may be other structures.
[0044]

In addition, an insulating film 23 is provided as a passivation film over the first
gate electrode 22 and the electrode 28. An insulating film 24 is provided as a
passivation film and a planarization film over the insulating film 23. The electrode 25
and the electrode 26 are provided also over the insulating film. 24, and are in contact
with the region 18 and the region 19 through contact holes provided in the insulating

film 24, the insulating film 23, and the first gate insulating film 21. The electrode 26
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is also in contact with the electrode 28 through a contact hole provided in the insulating
film 24 and the insulating film 23. The insulating film 29 is provided as a passivation
film and a planarization film over the electrode 25, the electrode 26, and the insulating
film24.

[0045]

(Second transistor 8)

The second transistor 8 includes the second gate electrode 30, a second gate
insulating film 31, an oxide semiconductor film 32, the electrode 33 (one of the second
source and drain electrodes), and the electrode 34 (the other of the second source and
drain electrodes).

[0046]

The second transistor 8 is provided over the insulating film 29. The second
gate electrode 30 is provided over the insulating film 29. The oxide semiconductor
film 32 is provided over the second gate electrode 30. The electrode 33 and the
electrode 34 are provided on and in contact with the oxide semiconductor film 32. An
insulating film 36 is provided as a passivation film over the electrode 33, the electrode
34, the oxide semiconductor film 32, and the second gate insulating film 31. Note that
although a bottom-gate thin film transistor is shown as the second transistor 8, the
second transistor 8 may be a top-gate thin film transistor.

[0047]

The second gate electrode 30 is electrically connected to the second word line
10. Alternatively, the second gate electrode 30 may be part‘ of the second word line 10
(not illustrated).

[0048]

The electrode 33 is electrically connected to the second bit line 11.
Alternatively, the electrode 33 may be part of the second bit line 11 (not illustrated).
[0049]

Note that the oxide semiconductor film 32 including the second channel 301 is
irradiated with UV rays as illustrated in FIG. 3.

[0050]
(Second memory element 9)

The second memory element 9 includes an electrode 35, the second gate
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insulating film 31, and the electrode 34.
[0051]

The second memory element 9 is provided over the insulating film 29. The
electrode 35 is provided over the insulating film 29. The second gate insulating film
31 is provided over the electrode 35. The electrode 34 is provided over the second
gate insulating film 31. The electrode 35 may be grounded (not illustrated).

[0052]

In addition, an insulating film 38 is provided as a passivation film and a

planarization film over the insulating film 36.
[0053]

Next, a material or the like of each component will be described.
[0054]

The substrate 15 has heat resistance high enough to withstand subsequent heat
treatment. As the substrate 15, a glass substrate such as a barium borosilicate glass
substrate or an aluminoborosilicate glass substrate is used. Alternatively, the substrate
15 may be a substrate made of an insulator, such as a ceramic substrate, a quartz
substrate, a sapphire substrate, or a crystallized glass substrate. Further alternatively, it
is possible to use a plastic film made of polyethylene terephthalate, polyimide, an
acrylic resin, polycarbonate, polypropylene, polyester, polyvinyl chloride, or the like as
long as it has heat resistance high enough to withstand subsequent heat treatment.
[0055]

As the insulating film 16, a silicon oxide film, a silicon nitride film, a silicon
oxynitride film, or the like is used. The thickness of the insulating film 16 may be set
to 10 nm to 200 nm.

[0056] _

The silicon film 20 is a single crystal silicon film or a crystalline silicon film.
The thickness of the silicon film 20 may be set to 2 nm to 200 nm. The silicon film 20
contains an n-type or p-type impurity element, and regions containing the impurity
element serve as the region 18 and the region 19. A region between the region 18 and
the region 19 serves as the first channel 17. The silicon film 20 may include an LDD
region as needed. A film made of germanium, silicon-germanium, gallium arsenide,

silicon carbide, or the like may be used instead of the silicon film 20.



10

15

20

25

30

WO 2011/062029 16 PCT/JP2010/068789

[0057]

The electrode 27 may be formed using the same silicon film as the silicon film
20. The thickness of the electrode 27 may be set to 2 nm to 200 nm. Note that the
electrode 27 contains an n-type or p-type impurity to have conductivity. Instead of the
silicon film, a conductive film such as a metal film may be used for the electrode 27.
[0058]

The first gate insulating film 21 is formed as a single layer or stacked layers of
any of a silicon oxide film, a silicon nitride film, a silicon oxynitride film, a silicon
nitride oxide film, an aluminum oxide film, a Y,O; film, and HfO, film. The thickness
of the first gate inSulating film 21 may be set to 10 nm to 500 nm.

[0059] |

The first gate electrode 22 is formed as a single layer or stacked layers of a :
metal material such as molybdenum, titanium, chromium, tantalum, tungsten, aluminum,
copper, neodymium, or scandium, or an alloy material contaihing any of these materials
as a main component. The thickness of the first gate electrode 22 may be set to 10 nm
to 200 nm.

[0060]

The electrode 28 is formed using the same film as the first gate electrode 22.
Alternatively, a conductive film different from that of the first gate electrode 22 may be
used for the electrode 28.

[0061]

The electrode 25 and the electrode 26 are formed as a single layer or stacked
layers of a metal material such as molybdenum, titanium, chromium, tantalum, tungsten,
aluminum, copper, neodymium, or scandium, or a'n. alloy material containing any of
these materials as a main component. .The thickness of each of the electrode 25 and
the electrode 26 may be set to 100 nm to 500 nm.

[0062]

The insulating film 23 is formed as a single layer or stacked layers of any of a
silicon oxynitride film, a silicon nitride oxide film, an aluminum oxide film, a Y,O; film,
and HfO; film. The thickness of the insulating film 23 may be set to 10 nm to 200 nm.
[0063]

As the insulating films 24 and 29, a silicon oxide film, a silicon nitride film, a
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silicon oxynitride film, or the like is used. It is preferable that the insulating films 24

.and 29 do not contain hydrogen, hydroxyl groups, or moisture. The thickness of each

of the insulating films 24 and 29 may be set to 10 nm to 1 pum.
[0064] _

The second gate electrode 30 and the electrode 35 are formed as a single layer
or stacked layers of a metal material such as molybdenum, titanium, chromium,
tantalum, tungsten, aluminum, copper, neodymium, or scandium, or an alloy material
containing any of these materials as a main component. It is preferable that the second
gate electrode 30 and the electrode 35 do not contain hydrogen, hydroxyl groups, or
moisture. The thickness of each of the second gate electrode 30 and the electrode 35
may be set to 10 nm to 200 nm.

[0065]
The second gate insulating film 31 is formed as a single layer or stacked layers

of any of a silicon oxide film, a silicon nitride film, a silicon oxynitride film, a silicon

- nitride oxide film, an aluminum oxide film, a hafnium silicate (HfSiOx) film, an HfSi,O,

film to which N is added, a hafnium aluminate (HfA1O,) film, a hafnium oxide film, and
an yttrium oxide film. The gate leakage can be reduced by using a high-k material
such as hafnium silicate (HfSiO;,), HfSi O, to which N is added, hafnium aluminate
(HfAIO,), hafnium oxide, or yttrium oxide. It is preferable that the second gate
insulating film 31 do not contain hydrogen, hydroxyl groups, or moisture. The
thickness of the second gate insulating film 31 may be set to 10 nm to 500 nm.

[0066]

The second gate inshlating film 31 may contain a halogen element (e.g.,
fluorine or chlorine) at a concentration of about 5 x 10'® atoms/cm® to 1 x 10”
atoms/cm’. The halogen element contributes to elimination of impurities such as
hydrogen, moisture, hydroxyl groups, or hydride which can exist in the oxide
semiconductor film 32, or at the interface between the second gate insulating film 31
and the oxide semiconductor film 32. For example, in the case where a stacked film of
a silicon nitride film and a silicon oxide film is used as the second gate insulating film
31, the silicon oxide film containing a halogen element at the aforementioned

concentration méy be provided as a film which is in contact with the oxide
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semiconductor film 32. The silicon nitride film prevents impurities such as hydrogen,
moisture, hydroxyl groups, or hydride (also referred to as a hydrogen compound) from
entering the silicon oxide film.
[0067]

The oxide semiconductor film 32 is an amorphous oxide semiconductor film or
a crystalline oxide semiconductor film, and for example, an In-Ga-Zn-O-based oxide

semiconductor film, an In-Sn-Zn-O-based oxide semiconductor film, an

- In-Al-Zn-O-based oxide semiconductor film, a Sn-Ga-Zn-O-based oxide semiconductor

film, an Al-Ga-Zn-O-based oxide semiconductor film, a Sn-Al-Zn-O-based oxide

semiconductor film, an In-Zn-O-based oxide semiconductor film, a Sn-Zn-O-based

loxide semiconductor film, an Al-Zn-O-based oxide semiconductor film, an In-O-based

oxide semiconductor film, a Sn-O-based oxide semiconductdr film, or a Zn-O-based
oxide semiconductor film. The thickness of the oxide semiconductor film 32 may be
set to 2 nm to 200 nm. The threshold voltage can be controlled by the kind and
composition of the oxide semiconductor film 32.
[0068]

It is preferable that the oxide semiconductor film 32 do not contain hydrogen,
hydroxyl groups, or moisture. Specifically, hydrogen is contained at a concentration of
5 x 10" atoms/cm® or less, preferably 5 x 10'® atoms/cm® or less, and more preferably

less than 5 x 10'° atoms/cm3. The carrier concentration of the oxide semiconductor

film 32 at 300 K is 5 x 10" atoms/cm” or less, preferably 1 x 10™ atoms/cm’ or less,

more preferably 5 x 10" atoms/cm® or less, and still more preferably 1 x 10"
atoms/cm’ or less. That is, the carrier concentration of the oxide semiconductor film is
close to zero. Furthermore, the energy gap is 2 eV or more, preferably 2.5 eV or more,
and more preferably 3 eV or more. Note that the hydrogen concentration of the oxide
semiconductor film can be measured by secondary ion mass spectrometry (SIMS).
The carrier density can be measured by the Hall effect measurement.
[0069]

It is known that hydrogen is a donor in an oxide semiconductor and is one
factor causing an oxide semiconductor to be an n-type oxide semiconductor.

Accordingly, an intrinsic (i-type) oxide semiconductor can be obtained by removing
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hydrogen from an oxide semiconductor and purifying the oxide semiconductor such that
an impurity other than the main component of the oxide semiconductor is contained
therein as little as possible. It is preferable that a purified i-type (intrinsic)

semiconductor, or a semiconductor close thereto, be obtained not by adding an impurity

. but by removing an impurity such as hydrogen or moisture as much as possible. The

Fermi level (Ef) of the oxide semiconductor from which an impurity is removed can be
made at the same level as the intrinsic Fermi level (Ei).
[0070]

The second transistor 8 including the oxide semiconductor film 32 has a low
off-current even when a negative potential (a reverse bias) is applied to the second gate
electrode 30. This is because the concentration of minority carriers (hole
concentration) affecting the off-current is low due to a low carrier concentration.

[0071]

For example, even when the second transistor 8 has a channel width Wof 1 x
10* um and a channel length of 3 um, an off-current of 1072 A or less and a
subthreshold value (S value) of 0.1 V/dec. can be obtained (the thickness of the second
gate insulating film 31: 100 nm).

[0072]

When the oxide semiconductor is purified so that impurities other than the
main component of thev oxide semiconductor are contained as little as possible, the
second transistor 8 can operate in a good manner, particularly, the off-current of the
second transistor 8 can be reduced.

[0073]

In the case where the band gap (Eg) of an oxide semiconductor is 3.15 eV, the
electron affinity () is said to be 4.3 eV. For example, when titanium (Ti) is used for
the electrode 33 and the electrode 34, the work function of Ti is substantially equal to
the electron affinity () of the oxide semiconductor. In that case, a Schottky barrier for

electrons is not formed at the interface between the metal (Ti) and the oxide

- semiconductor. That is, electrons are injected from Ti to the oxide semiconductor film

32 even when an n-type impurity is not added to the oxide semiconductor film 32.

[0074]
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The electrode 33 and the electrode 34 are formed as a single layer or stacked
layers of a metal material such as molybdenum, titanium, chromium, tantalum, tungsten,
aluminum, copper, neodymium, or scandium, or an alloy material containing any of
these materials as a main component. It is preferable that the electrode 33 and the
electrode 34 do not contain hydrogen, hydroxyl groups, or moisture. The thickness of
each of the electrode 33 and the electrode 34 may be set to 10 nm to 500 nm.

[0075]

The insulating film 36 is an oxide insulating film, for example, a silicon oxide
film. It is preferable that the insulating film 36 do not contain hydrogen, hydroxyl
groups, or moisture. The thickness of the insulating film 36 may be set to 10 nm to
200 nm. Note that instead of the silicon oxide film, a silicon oxynitride film, an
aluminum oxide film, an aluminum oxynitride film, or the like can be used.

[0076]

The insulating film 36 may contain a halogen element (e.g., fluorine or
chlorine) at a concentration of about 5 x 10" atoms/cm’ to 1 x 10* atoms/cm®. The
halogen element contributes to elimination of impurities such as hydrogen, moisture,
hydroxyl groups, or hydride which can exist in the oxide semiconductor film 32, or at
the interface between the insulating film 36 and the oxide semiconductor film 32.

[0077]

Note that the threshold voltage can be controlled by providing a so-called back
gate over the second gate electrode 30 to be in direct contact with the insulating film 36.
[0078]

The insulating film 38 is, for example, a silicon oxide film or a silicon nitride
film. It is preferable that the insulating film 38 do not contain hydrogen, hydroxyl
groups, or moisture. The thickness of the insulatihg film 38 may be set to 100 nm to 1
pm. .

[0079]
The first word line 6, the second word line 10, the first bit line 7, and the

second bit line 11 can be typically made of a conductive material, such as an element

selected from aluminum, copper, titanium, tantalum, tungsten, molybdenum, chromium,

neodymium, or scandium, an alloy containing any of these elements, or a compound
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(e.g., an oxide or a nitride) containing any of these elements. Alternatively, the first

. word line 6, the second word line 10, the first bit line 7, and the second bit line 11 may

be made of a light-transmitting conductive material such as indium tin oxide

(hereinafter referred to as ITO), indium oxide containing tungsten oxide, indium zinc

oxide containing tungsten oxide, indium oxide containing titanium oxide, indium tin

oxide containing titanium oxide, indium zinc oxide, or indium tin oxide to which silicon
oxide is added. A stacked structure containing any of these materials can also be used.
[0080]

Next, a method for manufacturing the memory device 1 illustrated in FIG. 3

will be described. The insulating film 16 is formed over the substrate 15 by CVD or

sputtering.

[0081]

| A silicon film is formed over the insulating film 16 by CVD or sputtering, and
then etched using a resist mask formed by a photolithography process, whereby the
silicon film 20 is formed. A silicon film used as the electrode 27 may be formed at the
same time as the formation of the silicon film 20.
[0082]

In the case where the silicon film 20 is a single crystal silicon film, an
amorphous silicon film is formed and then irradiated with a continuous-wave laser
beam or a laser beam with a repetition rate of 1 MHz to 10 MHz to be single
crystallized. Alternatively, a single crystal silicon film may be transferred from a
single crystal silicon substrate onto the insulating film 16.

[0083]

In the case where the silicon film 20 is a crystalline silicon film, an amorphous
silicon film is formed and then irradiated with an excimer laser beam to be crystallized.
Alternatively, after a metal film such as a Ni film is formed over an amorphous silicon
film, the amorphous silicon film may be thermally crystallized. Further alternatively, a
crystalline silicon film may be formed by CVD. The silicon film 20 may be doped
with an n-type or p-type impurity ion, whereby the threshold voltage V; of the first
transistor 4 is shifted.

[0084]

In the case where a silicon film is not used for the electrode 27, a conductive
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film such as a metal film is formed over the insulating film 16 and then etched using a
resist mask formed by a photolithography process, whereby the electrode 27 is formed.
[0085]

Next, the first gate insulating film 21 is formed over the silicon film 20 by
CVD or sputtering.
[0086]

A conductive film is formed over the first gate insulating film 21 by sputtering,
and then etched using a resist mask formed by a photolithography process, whereby the
first gate electrode 22 and the electrode 28 are formed. Note that in the case where the

electrode 27 is formed using the same film as the silicon film 20, an n-type or p-type

* impurity ion is added to the silicon film 20 to impart conductivity before the formation

of the electrode 28.
[0087]

An n-type or p-type impurity element is added to the silicon film 20 with the
first gate electrode 22 used as a rﬁask, whereby the region 18 and the region 19 are
formed in the silicon film 20. A region which is not doped with the n-type or p-type
impurity element serves as the first channel 17.

[0088]

The insulating film 23 is formed over the first gate electrode 22 by CVD or
sputtering. The insulating film 24 is formed over the insulating film 23 by CVD,
sputtering, or coating.

[0089]

Then, etching is performed using a resist mask formed by a photolithography
process, whereby the openings are formed in the insulating film 24, the insulating film
23, and the gate insulating film 21. The openings reach the region 18, the region 19,
and the electrode 28.
[0090] .
| A conductive film is formed over the insulating film 24 and then etched using a
resist mask formed by a photolithography process, whereby the electrode 25 and the
electrode 26 are formed.
[0091]

The insulating film 29 is formed over the electrode 25 and the electrode 26 by
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CVD, sputtering, or coating. Note that the insulating film 29 is preferably formed by
sputtering in order that a large amount of hydrogen is not contained in the insulating
film 29.

[0092]

Description is made on the case where a silicon oxide film is formed as the
insulating film 29, for example. A silicon oxide film is formed with use of a silicon
semiconductor target while introducing a sputtering gas containing a high-purity oxygen
from which hydrogen, water, hydroxyl groups, hydride (also referred to as a hydrogen
compound), or the like is removed. The deposition may be performed at room
temperature or performed while heating the substrate 15.

[0093]

Alternatively, a silicon oxide film is formed by RF sputtering under the
following conditions: quartz (preferably, synthetic quartz) is used; the substrate
temperature is 108 °C; the distance between the target and the substrate (T-S distance) is
60 mm; the pressure is 0.4 Pa; the high-frequency power is 1.5 kW; and the atmosphere
is oxygen and argon (flow rate ratio of oxygen to argon is 25 sccm : 25 sccm = 1:1).
Note that a silicon target may be used instead of quartz (preferably, synthetic quartz).
Note that oxygen or a mixed gas of oxygen and argon is used as a sputtering gas.

[0094]

Note that the insulating film 29 is preferably formed while removing moisture
remaining in a deposition chamber. This is for preventing hydrogen, water, hydroxyl
groups, hydride, or the like from being contained in the insulating film 29.

[0095]

In order to remove moisture remaining in the deposition chamber, an
adsorption type vacuum pump is preferably used. For example, a cryopump, an ion
pump, or a titanium sublimation pump is preferably used. As an evacuation unit, a
turbo pump provided with a cold trap may be used. From the deposition chamber
which is evacuated with a cryopump, for example, hydrogen, water, hydroxyl groups, or
hydride is removed, resulting in a reduction in the concentration of an impurity
contained in the insulating film 29 formed in the deposition chamber.

[0096]
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As the sputtering gas, it is preferable to use a high-purity gas from which an
impurity such as hydrogen, water, hydroxyl groups, or hydride is removed to a
concentration of a few ppm or a few ppb.

[0097]

Examples of sputtering include an RF sputtering in which a high-frequency
power source is used for a sputtering power source, a DC sputtering, and a pulsed DC
sputtering in which a bias is applied in a pulsed manner. The RF sputtering is mainly
used for forming an insulating film, and the DC sputtering is mainly used for forming a
metal film.

[0098]

Furthermore, there is also a multi-source sputtering apparatus in which a
plurality of targets of different materials can be set. With the multi-source sputtering
apparatus, films of different materials can be formed to be stacked in the same chamber,
or plural kinds of materials can be deposited by electric discharge at the same time in
the same chamber. |
[0099]

There are also a sputtering apparatus provided with a magnet system inside the
chamber and used for a magnetron sputtering, and a sputtering apparatus used for an
ECR sputtering in which plasma generated with use of microwaves is used without
using glow discharge.

[0100]

As a deposition method using sputtering, there are also reactive sputtering in
which a target substance and a sputtering gas component are chemically reacted with
each other during deposition to form a thin compound film thereof, and bias sputtering
in which voltage is also applied to a substrate during deposition.

[0101]

For the sputtering in this specification, the aforementioned sputtering

apparatuses and sputtering methods can be employed as appropriate.
[0102]
| In the case where a silicon nitride film and a silicon oxide film are stacked as

the insulating film 29, the silicon nitride film and the silicon oxide film are formed
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using a common silicon target in the same deposition chamber. First, the silicon
nitride film is formed with use of a silicon target mounted on the depoSition chamber
while introducing a sputtering gas containing nitrogen. Then, the gas is changed to a
sputtering gas containiﬁg oxygen and the silicon oxide film is formed with use of the
same silicon target. The silicon nitride film and the silicon oxide film can be formed
successively without being exposed to air, which makes it possible to prevent adsorption
of impurities such as hydrogen, water, hydroxyl groups, or hydride on a surface of the
silicon nitride film.
[0103]

A conductive film is formed over the insulating film 29 and then etched using a
resist mask formed by a photolithography process, whereby the second gate electrode

30 and the electrode 35 are formed. The conductive film is preferably formed by

sputtering in order that hydrogen, hydroxyl groups, or moisture is not contained in the

- conductive film. An end portion of the second gate electrode 30 preferably has a

tapered shape so as to improve the coverage with the second gate insulating film 31
stacked thereover.
[0104]

The second gate insulating film 31 is formed over the second gate electrode 30
and the electrode 35. The second gate insulating film 31 is preferably formed by
sputtering in order that hydrogen, hydroxyl groups, or moisture is not contained in the
second gate insulating film 31. In order to achieve this, as pretreatment of the
deposition, the substrate 15 is preferably preheated in a preheating chamber of the
sputtering apparatus, so that impurities such as hydrogen, water, hydroxyl groups, or
hydride that are adsorbed on the substrate 15 are eliminated and removed. Note that
the temperature of the preheating is 100 °C or more and 400 °C or less, preferably
150 °C or more and 300 °C or less. Note that as an evacuation unit, a cryopump is
preferably provided in the preheating chamber. Note also that this preheating
treatment is not necessarily performed.

[0105]
For example, in the case where a silicon oxide film is formed as the second

gate insulating film 31, a silicon target or a quartz target is used as a target and oxygen
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or a mixed gas of oxygen and argon is used as a sputtering gas.

[0106]

An oxide semiconductor film is formed over the second gate insulating film 31
by sputtering. Before the oxide semiconductor film is formed by sputtering, it is
preferable to perform reverse sputtering in which an argon gas is introduced and plasma
is generated, so that dust on a surface of the second gate insulating film 31 is removed.
The reverse sputtering refers to a method in which, without application of voltage to a
target side, a high-frequency power source is used for application of voltage to a
substrate side in an argon atmosphere and plasma is generated in the vicinity of the
substrate to modify a surface. Note that a nitrogen atmosphere, a helium atmosphere,
an oxygen atmosphere, or the like may be used instead of an argon atmosphere.

[0107]

A target including the oxide semiconductor is used. For example, it is
possible to use a target of a metal oxide containing zinc oxide as a main componeht.
Another example of a metal oxide target is a metal oxide target containing In, Ga, and
Zn (with a composition ratio of In;O3 : Ga;03:ZnO=1:1:1[mol%]orIn:Ga: Zn =
1:1:0.5 [atom%]). As the metal oxide target including In, Ga, and Zn, a target
having a composition ratio of In : Ga : Zn =1:1:1 [atom%] or a composition ratio of
In:Ga:Zn=1:1:2 [atom%] can also be used. The filling rate of the metal oxide
target is 90 % to 100 %, preferably 95 % to 99.9 %. By using a metal oxide target with
high filling rate, the deposited oxide semiconductor film has high density. It is also

possible to use a target including SiOz at 2 wt% to 10 wt%.

[0108]

The oxide semiconductor film is formed in a rare gas (typically argon)
atmosphere, an oxygen atmosphere, or an atmosphere of a rare gas (typically argon) and
oxygen.

[0109]

As the sputtering gas, it is preferable to use a high-purity gas from which an
impurity such as hydrogen, water, hydroxyl groups, or hydride is removed to a
concentration of a few ppm or a few ppb.

[0110]
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The oxide semiconductor film is formed as follows: the substrate 15 is held in
the deposition chamber with pressure reduced, a sputtering gas from which impurities
such as hydrogen, water, hydroxyl groups, or hydride are removed is introduced while
removing residual moisture in the chamber, and the above-described target is used. In
order to remove moisture remaining in the deposition chamber, an adsorption type
vacuum pump is preferably used. For example, a cryopump, an ion pump, or a
titanium sublimation pump is preferably used. As an evacuation unit, a turbo pump
provided with a cold trap may be used. From the deposition chamber which is
evacuated with a cryopump, for example, a hydrogen atom or a compound containing a
hydrogen atom, such as water (H,0), (more preferably, also a compound containing a
carbon atom), is removed, resulting in a reduction in the concentration of an impurity
contained in the oxide semiconductor film formed in the deposition chamber. The

substrate 15 may be heated to, for example, less than 400 °C when the oxide

- semiconductor film is formed.

[0111]
An example of the deposition condition is as follows: the temperature of the

substrate 15 is room temperature, the distance between the substrate and the target is

- 110 mm, the pressure is 0.4 Pa, the direct current (DC) power is 0.5 kW, and the

atmosphere is an atmosphere containing oxygen and argon (the flow rate ratio of
oxygen to argon is 15 sccm : 30 scem). It is preferable to use a pulsed direct current
(DC) power because powder substances (also referred to as particles or dust) generated
in the deposition can be reduced and the film thickness can be uniform. The oxide

semiconductor film preferably has a thickness of 2 nm to 200 nm. Since appropriate

thickness depends on an oxide semiconductor material used, the thickness can be

determined as appropriate depending on the material.
[0112]

Then, the oxide semiconductor film is etched using a resist mask formed by a
photolithography process, whereby the oxide semiconductor film 32 is formed. Note
that the oxide semiconductor film may be etched by either dry etching or wet etching, or
both dry etching and wet etching,.

[0113]

As the etching gas used for dry etching, a gas containing chlorine (a
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chlorine-based gas such as chlorine (Cl), boron chloride (BCls), silicon chloride (SiCly),
or carbon tetrachloride (CCly)) is preferably used.
[0114]

Alternatively, a gas containing fluorine (a fluorine-based gas such as carbon
tetrafluoride (CF.), sulfur fluoride (SFe), nitrogen fluoride (NF3), or trifluoromethane
(CHF3)); hydrogen bromide (HBr); oxygen (O-); any of these gases to which a rare gas
such as helium (He) or argon (Ar) is added; or the like can be used.

[0115]

As the dry etching, parallel plate RIE (reactive ion etching) or ICP (inductively

coupled plasma) etching can be used.
[0116]

 As an etchant used for wet etching, a solution obtained by mixing phosphoric
acid, acetic acid, and nitric acid, an ammonia peroxide mixture (hydrogen peroxide
water at 31 wt% : ammonia water at 28 wt% : water = 5 : 2 : 2), or the like can be used.
Alternatively, ITOO7N (produced by KANTO CHEMICAL CO., INC.) may be used.
[0117]

The oxide semiconductor film 32 may be subjected to heat treatment. The
temperature of the heat treatment is 400 °C to 750 °C, preferably 400 °C or more and
less than the strain point of the substrate. Through the heat treatment, the oxide
semiconductor film 32 can be dehydrated or dehydrogenated. For example, the oxide
semiconductor film 32 is subjected to heat treatment in an electric furnace in a nitrogen
atmosphere at 450 °C for one hour, and then the oxide semiconductor film is not
exposed to air. Accordingly, hydrogen, water, hydroxyl groups, hydride, or the like
can‘be prevented from reentering the oxide semiconductor film.

[0118]

Note that a heat treatment apparatus is not limited to the electrical furnace, and
may include a device for heating an object by heat conduction or heat radiation from a
heating element such as a resistance heating element. For example, it is possible to use
an RTA (rapid thermal anneal) apparatus such as a GRTA (gas rapid thermal anneal)
apparatus or an LRTA (lamp rapid thermal anneal) apparatus. - The LRTA apparatus is

an apparatus for heating an object by radiation of light (an electromagnetic wave)
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emitted from a lamp such as a halogen lamp, a metal halide lamp, a xenon arc lamp, a
carbon arc lamp, a high-pressure sodium lamp, or a high-pressure mercury lamp. The
GRTA apparatus is an apparatus for performing heat treatment using a high-temperature
gas. As the gas, an inert gas which does not react with an object by heat treatment,
such as nitrogen or a rare gas such as argon, is used.

[0119]

The heat treatment may be performed using the GRTA. With use of the
GRTA, the heat treatment is performed for a few minutes in an inert gas atmosphere
heated to a high temperature of 650 °C to 700 °C. With the GRTA, the heat treatment
can be performed at high temperature in a short period of time.

[0120]

In the heat treatment, it is preferable that hydrogen, water, hydroxyl groups,
hydride, or the like be not contained in nitrogen or a rare gas such as helium, neon, or
argon. It is also preferable that the purity of nitrogen or the rare gas such as helium,
neon, or argon which is introduced into the heat treatment apparatus be set to 6N
(99.9999 %) or more, preferably 7N (99.99999 %) or more (that is, the impurity
concentration is 1 ppm or less, preferably 0.1 ppm or less).

[0121]

Depending on the conditions of the heat treatment or the material of the oxide
semiconductor film 32, the oxide semiconductor film may be crystallized to be a
microcrystalline film or a polycrystalline film. For example, the oxide semiconductor
film may be crystallized to be a microcrystalline oxide semiconductor film having a
degree of crystallization of 90 % or more, or 80 % or more. Further, depending on the
conditions of the heat treatment or the material of the oxide semiconductor film, the

oxide semiconductor film may become an amorphous oxide semiconductor film

-containing no crystalline component. Moreover, the oxide semiconductor film may

become an oxide semiconductor film in which a microcrystalline portion (with a grain
diameter of 1 nm to 20 nm, typically 2 nm to 4 nm) is mixed into an amorphous oxide
semiconductor.

[0122]

Note that it is preferable that reverse sputtering be performed before the
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formation of a conductive film in a subsequent step so as to remove a resist residue or
the like that is attached to surfaces of the oxide semiconductor film 32 and the second
gate insulating film 31.

[0123]

A conductive film is formed by sputtering over the oxide semiconductor film
32 and the second gate insulating film 31. Before the formation of the conductive film,
the aforementioned pretreatment is preferably performed in order that hydrogen,
hydroxyl groups, or moisture is contained in the conductive film as little as possible.
The conductive film is etched using a resist mask formed by a photolithography process,
whereby the electrode 33 and the electrode 34 are formed.

[0124]

Then, plasma treatment using a gas such as N,O, Ny, or Ar is performed to
remove water or the like adsorbed on an exposed surface of the oxide semiconductor
film 32. Alternatively, plasma treatment may be performed using a mixed gas of
oxygen and argon.

[0125]

After the plasma treatment, the insulating film 36 serving as a passivation film
is formed on and in contact with the oxide semiconductor film 32 without exposure to
the air. The insulating film 36 is in contact with the oxide semiconductor film 32 in a
region where the oxide semiconductor film 32 is not in contact with the electrode 33
and the electrode 34.

[0126] -

In the case where a silicon oxide film is used as the insulating film 36, the
substrate 15 is heated to room temperature or a temperature of less than 100 °C, and a
silicon oxide film including defects is formed with use of a silicon semiconductor target
while introducing a sputtering gas containing a high-purity oxygen from which
hydrogen and moisture are removed.

[0127]

For example, a silicon oxide film is formed by pulsed DC sputtering under the

following condition: a boron-doped silicon target which has a purity of 6N (the

resistivity is 0.01 Qcm) is used; the distance between the substrate and the target (T-S
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distance) is 89 mm; the pressure is 0.4 Pa, the direct current (DC) power is 6 kW, and
the atmosphere is oxygen (the flow rate ratio of oxygen is 100 %). Note that quartz
(preferably, synthetic quartz) may be used instead of a silicon target. Note that oxygen
or a mixed gas of oxygen and argon is used as a sputtering gas.

[0128] _

In that case, the insulating film 36 is preferably formed while removing
moisture remaining in the treatment chamber. This is for preventing hydrogen,
hydroxyl groups, or moisture from being contained in the oxide semiconductor film 32
and the insulating film 36. In order to remove moisture remaining in the treatment
chamber, an adsorption type vacuum pump is preferably used.

[0129] |

In addition, heat treatment may be performed at 100 °C to 400 °C in a state
where the insulating film 36 is in contact with the oxide semiconductor film 32. Since
the insulating film 36 includes many defects, an impurity such as hydrogen, moisture,
hydroxyl groups, or hydride contained in the oxide semiconductor film 32 is diffused
into the insulating film 36 by the heat treatment, resulting in a further reduction in the
impurity contained in the oxide semiconductor film 32.

[0130]

As described above, when the oxide semiconductor film 32 is formed while
removing moisture remaining in the reaction atmosphere, the concentration of hydrogen
and hydride in the oxide semiconductor film 32 can be reduced. Thus, the oxide
semiconductor film 32 can be stabilized.

[0131]

The insulating film 38 is formed as a planarization film over the insulating film
36. As the insulating film 38, for example, a silicon nitride film is formed in the
following manner: the substrate 15 is heated to a temperature of 100 °C to 400 °C; a
silicon semiconductor target is used, and a sputtering gas containing a high-purity
nitrogen from which hydrogen and moisture are removed is introduced. In that case
also, like the insulating film 36, the insulating film 38 is preferably formed while
removing moisture remaining in the treatment chamber.

[0132]
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The first gate electrode 22 may be used for the first word line 6, or the first
word line 6 may be formed over the insulating film 38 with use of a conductive film.
Further, the second gate electrode 30 may be used for the second word line 10, or the
second word line 10 may be formed over the insulating film 38 with use of a conductive
film.

[0133]

The electrode 25 may be used for the first bit line 7, or the first bit line may be
formed over the insulating film 38 with use of a conductive film. Further, the
electrode 33 may be used for the second bit line 11, or the second bit line 11 may be
formed over the insulating film 38 with use of a conductive film.

[0134]
(Embodiment 2)

This embodiment shows a memory device including a first memory cell and a
second memory cell, and further includes a third transistor which is different from
transistors included in the first memory cell and the second memory cell, and uses an
oxide semiconductor film for a third channel. Specifically, the memory device
includes a first memory cell having a first transistor and a first memory element, a
second memory cell having a second transistor and a second memory element, and a
third transistor. The first transistor includes a first channel, a first gate electrode, and a
first source and drain electrodes; the first gate electrode is part of a first word line or is
electrically connected to the first wbrd line; and one of the first source and drain
electrodes is part of a first bit line or is electrically connected to thevfirst bit line and the
other is electrically connected to the first memory element. The second transistor
includes a second channel, a second gate electrode, and a second source and drain
electrodes; the second gate electrode is part of a second word line or is electrically
connected to the second word line; and one of the second source and drain electrodes is
part of a second bit line or is electrically connected to the second bit line and the other is
electrically connected to the second memory element. The third transistor includes a
third channel, a third gate electrode, and a third source and drain electrodes; the third
channel is formed of an oxide semiconductor film; and one of the third source and drain
electrodes is electrically connected to the second word line and a selection signal to turn

on the second transistor is input to the other of the third source and drain electrodes. A
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threshold voltage of the third transistor before ultraviolet ray irradiation is Vs;; a
threshold voltage of the third transistor at the time of ultraviolet ray irradiation is Vs3;;
and a threshold voltage of the third transistor after ultraviolet ray irradiation is Vsis.
Data is written to and read from the second memory element in the following manner: a
voltage (Vg) is applied to the third gate electrode which is being irradiated with
ultraviolet rays so that the third transistor is turned on, and a selection signal is input to
the second gate electrode so that the second transistor is turned on. Note that V3; < Vg
< V33 < V3 (the voltage Vg is equal to or higher than the voltage V3,) is satisfied.
[0135] ’

A memory device 51 includes a first memory cell 52, a second memory cell 53,
and a third transistor 62 (FIG. 4).
[0136] ‘

The first memory cell 52 includes a first transistor 54 and a first memory
clement 55. A first gate electrode 304 of the first transistor 54 is electrically connected

to a first word line 56, an electrode 303 (one of a first source and drain electrodes) is

~electrically connected to a first bit line 57, and an electrode 305 (the other of the first

source and drain electrodes) is electrically connected to the first memory element 55.
Note that the first gate electrode 304 may be part of the first word line 56, and the
electrode 303 may be part of the first bit line 57.

[0137]

The second memory cell 53 includes a second transistor 58 and a second
memory element 59. A second gate electrode 308 of the second transistor 58 is
electrically connected to a second word line 60, an electrode 307 (one of a second
source and drain electrodes) is electrically connected to a second bit line 61, and an
electrode 309 (the other of the second source and drain electrodes) is electrically
connected to the second memory element 59. Note that the second gate electrode 308
may be part of the second word line 60, and the electrode 307 may be part of the second
bit line 61.

[0138] _
A semiconductor film made of silicon is used for the first channel 302 of the

first transistor 54 and the second channel 306 of the second transistor 58. Alternatively,
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a semiconductor film made of germanium, silicon-germanium, gallium arsenide, silicon
carbide, or the like may be used. It is preferable that the same voltage (V) be applied
to the first gate electrode 304 and the second gate electrode 308 to turn on the first
transistor 54 and the second transistor 58. Note that the threshold voltage of the first
transistor is Vi, the threshold voltage of the second transistor is V,, and V; < Vy and V;
< Vw are satisfied. Therefore, the first transistor 54 and the second transistor 58
preferably have the same structure.

[0139]

A third channel 310 of the third transistor 62 is formed of an oxide
semiconductor film. A signal to turn on or off the third transistor 62 is input to a third
gate electrode 312 of the third transistor 62. An electrode 313 (one of a third source
and drain electrodes) is electrically connected to the second word line 60. Here, the
phrase “being electrically connected” includes the case of being electrically connected
indirectly as well as the case of being electrically connected directly. Thus, the
electrode 313 may be electrically connected directly to the second word line 60, or may
be electrically connected to the second word line 60 through a level shifter and a buffer
or through a decoder, a level shifter, and a buffer.

[0140]

On the other hand, an electrode 311 (the other of the third source and drain
electrodes) of the third transistor 62 is electrically connected to an input terminal 63 to
which a selection signal to turn on or off the second transistor 58 is input.

[0141]

. The threshold voltage of the third transistor 62 changes when the third channel
is irradiated with ultraviolet (UV) rays (FIG. 5). FIG. 5 schematically shows the
relationship between the gate voltage (Vg) and the drain current (Id) of the third
transistor 62. A line 71, a line 72, and a line 73 represent the Vg-Id relationship of the
third transistor 62 before UV ray irradiation, at the time of UV ray irradiation, and after
UV ray irradiation, respectively. The threshold voltage of the third transistor 62 is V3;
without UV ray irradiation (before UV ray irradiation); V3, at the time of UV ray
irradiation; and V33 after UV ray irradiation. The memory device 51 is controlled by

utilizing this phenomenon.
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[0142]

When data writing and reading are practically performed, the voltage V¢ which
satisfies V3, = Vg < V33 < V3 (the voltage Vg is equal to or higher than the voltage V3;)
is applied to the third gate electrode 312 of the third transistor 62. As a result, the third
transistor 62 can be turned on when being irradiated with UV rays, while the third
transistor 62 »is kept off when not being irradiated with UV rays. Note that the
off-current of the third transistor 62 increases at the time of UV ray irradiation due to
photo-leakage current.

[0143]

Next, the operation of the memory device 51 will be described. Data that can

be accessed by a third party is written to and read from the first memory element 55.

Data that should not be accessed by a third party is written to and read from the second

. memory element 59.

[0144]
1. Writing and reading data to and from the first memory element 55

Described first is operation in writing and reading data (charges) to and from
the first memory element 55. A voltage V is applied to the first word line 56 so that
the voltage Vw is applied to the first gate electrode 304 of the first transistor 54; thus,
the first transistor 54 is turned on. When the first transistor 54 is turned on, data is
written from the first bit line 57 to the first memory element 55. Data is stored in the
first memory element 55 because a capacitor or the like is included in the first memory
element 55. When data is read from the first memory element 55, a voltage Vw is
applied to the first word line 56 so that the voltage Vw is applied to the first gate
electrode 304 of the first transistor 54; thus, the first transistor 54 is turned on. When
the first transistor 54 is turned on, data is read from the first memory element 55 to the
first bit line 57.

[0145]

On the other hand, a voltage Vw to turn on the second transistor 58 is also
applied to the input terminal 63, and a voltage Vg is applied to the third gate electrode
312 of the third transistor 62. Note that the third transistor is not irradiated with UV
rays. Since the voltage Vg is lower than the threshold voltage (V3;) of the third

transistor 62, the third transistor 62 is kept off. Therefore, the second transistor 58 is
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kept off and data cannot be written to and read from the second memory element 59.
[0146]
1. Writing and reading data to and from the second memory element 59

Described is operation in writing and reading data (charges) to and from the
second memory element 59. A voltage Vg is applied to the third gate electrode 312 of
the third transistor 62. At this time, the third transistor 62, specifically, the third
channel 310 is irradiated with UV rays. The threshold voltage of the third transistor 62 |
changes from V3; to V3. Since the voltage Vg is higher than the threshold voltage
(V33) of the third transistor 62 which is irradiated with UV rays, the third transistor 62 is
turned on. When the third transistor 62 is turned on, the voltage Vw applied to the
input terminal 63 is applied to the second word line 60 and then to the second gate
electrode 308 of the second transistor 58, whereby the second transistor 58 is turned on.
When the second transistor 58 is turned on, data is written to the second memory
element 59 from the second bit line 61. Data is stored in the second memory element
59 because a capacitor or the like is included in the second memory element 59.

[0147]

Next, when data is read from the second memory element 59, a voltage Vg is
applied to the third gate electrode 312 of the third transistor 62. At this time, the third
transistor 62 is irradiated with UV rays. The threshold voltage of the third transistor
62 changes to V3,. Since the voltage Vg is higher than the threshold voltage (V3;) of
the third transistor 62 which is irradiated with UV rays, the third transistor 62 is turned
on. When the third transistor 62 is turned on, the voltage Vw applied to the input
terminal 63 is applied to the second word line 60 and then to the second gate electrode
308 of the second transistor 58, whereby the second transistor 58 is turned on. When
the second transistor 58 is turned on, data is read from the second memory element 59
to the second bit line 61.

[0148]

After the data is written to and read from the second memory element 59, UV
ray irradiation to the third transistor 62 is stopped. The threshold voltage of the third
transistor 62 changes to Vss.

[0149]

3. Writing and reading data to and from the first memory element 55 after the threshold
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voltage of the third transistor 62 changes to V33

Described is operation in writing and reading data to and from the first memory
element 55 after the threshold voltage of the third transistor 62 changes to Vi;. A
voltage Vw is applied to the first word line 56 so that the voltage V is applied to the
first gate electrode 304 of the first transistor 54; thus, the first tra_nsistor 54 is turned on.
When the first transistor 54 is turned on, data is written from the first bit line 57 to the
first memory element 55. Data is stored in the first memory element 55 because a
capacitor or the like is included in the first memory element 55. When data is read
from the first memory element 55, a voltage V is applied to the first word line 56 so
that the voltage Vw is applied to the first gate electrode 304 of the first transistor 54;
thus, the first transistor 54 is turned on. When the first transistor 54 is turned on, data
is read from the first memory element 55 to the first bit line 57.

[0150]

On the other hand, a voltage Vw to turn on the second transistor 58 is also
applied to the input terminal 63, and a voltage Vg is applied to the third gate electrode
312 of the third transistor 62. Note that the third transistor is not irradiated with UV
rays. Since the voltage Vg is lower than the threshold voltage (Vi3) of the third
transistor 62, the third transistor 62 is kept off. Therefore, the second transistor 58 is
kept off and data cannot be written to and read from the second memory element 59.
[0151]

4. Writing and reading data to and from the second memory element 59 after the
threshold voltage of the third transistor 62 changes to Vi3

A voltage Vg is applied to the third gate electrode 312 of the third transistor 62.
At this time, the third transistor 62 is irradiated with UV rays. The threshold voltage
of the third transistor 62 changes from V33 to V3;. Since the voltage Vg is higher than
the threshold voltage (V32) of the third transistor 62 which is irradiated with UV rays,
the third transistor 62 is turned on. When the third transistor 62 is turned on, the
voltage Vw applied to the input terminal 63 is applied to the second word line 60 and
then to the second gate electrode 308 of the second transistor 58, whereby the second
transistor 58 is turned on. When the second transistor 58 is turned on, data is written
to the second memory element 59 from the second bit line 61. Data is stored in the

second memory element 59 because a capacitor or the like is included in the second
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memory element 59.
[0152]

Next, when data is read from the second memory element 59, a voltage Vg is
applied to the third gate electrode 312 of the third transistor 62. At this time, the third
transistor 62 is irradiated with UV rays. Since the voltage Vg is higher than the
threshold voltage (V3;) of the third transistor 62 which is irradiated with UV rays, the
third transistor 62 is turned on. When the third transistor 62 is turned on, the voltage
Vw applied to the input terminal 63 is applied to the second word line 60 and then to the
second gate electrode 308 of the second transistor 58, whereby the second transistor 58
is turned on. When the second transistor 58 is turned on, data is read from the second
memory element 59 to the second bit line 61.

[0153]

After the data is written to and read from the second memory element 59, UV
ray irradiation to the third transistor 62 is stopped.
[0154]

An example shown next is as follows: the third transistor 62 is provided
between a decoder and a level shifter'and is connected to a word line through the level
shifter and a buffer (FIG. 6).

[0155]

A plurality of the first memory cells 52 and a plurality of the second memory
cells 53 are provided. Word lines 101 to 106, buffers 107 to 112, level shifters 114 to
119, and decoders 120 to 125 are provided.

[0156]

The first memory cell 52 will be described taking as an example the decoder
120, the level shifter 114, the buffer 107, and the word line 101. The word line 101 is
electrically connected to an output 'ponion of the buffer 107, and an input portion of the
buffer 107 is electrically connected to an output portion of the level shifter 114. An
input portion of the level shifter 114 is electrically connected to an output portion of the
decoder 120. A selection signal is input to input portions of the decoder 120 from an
address line Al and an address line A2.

[0157]

The second memory cell 53 is electrically connected to the word line 105 or the



10

15

20

25

30

WO 2011/062029 39 PCT/JP2010/068789

word line 106. The decoder 124, the level shifter 118, and the word line 105 will be
described as an example. The word line 105 is electrically connected to an output
portion of the buffer 111, and an input portion of the buffer 111 is electriéally connected -
to an output portion of the level shifter 118. An input portion of the level shifter 118 is
electrically connected to the electrode 313 (one of the third source and drain electrodes)
of the third transistor 62, and the electrode 311 (the other of the third source and drain
electrodes) is electrically connected to an output portion of the decoder 124. A
selection signal is input to input portions of the decoder 124 from an address line AX
and the address line A2.

[0158]

In accordance with the selection signal from the address line AX and the
address line A2, the decoder 124 outputs a selection signal for writing and reading data
to and from the second memory cell 53. The selection signal is input to the electrode
311 of the third transistor 62. A voltage Vg is input to the third gate electrode 312 of
the third transistor 62 from a control line CTRL. If the third transistor 62 is irradiated
with UV rays at this time, the third transistor 62 is turned on and the selection signal is
input to the word line 105 through the level shifter 118 and the buffer 111, whereby the
second memory cell 53 is turned on. When the second memory cell 53 is turned on,
data can be written to and read from the second memory cell 53.

[0159]

The decoder 125, the third transistor 62, the level shifter 119, the buffer 112,
the word line 106, and the second memory cell 53 also operate in the aforementioned
manner. The second memory cell 53 cannot be accessed by a third party because the
third transistor is provided.

[0160]

Next, the first memory cell 52 will be described taking as an example the
decoder 120, the level shifter 114, the buffer 107 and the word line 101. In accordance
with a signal from the address line Al and the address line A2, the decoder 120 outputs
a selection signal for writing and reading data to and from the first memory cell 52.
The selection signal is input to the word line 101 through the level shifter 114 and the
buffer 107, whereby the first memory cell 52 is turned on. When the first memory cell

52 is turned on, data can be written to and read from the first memory cell 52. The
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first memory cell 52 can be accessed by a third party because the third transistor is not
provided.
[0161]

An example shown next is as follows: the electrode 313 (one of the third
source and drain electrodes) of the third transistor 62 is connected to the input portion of
the decoder (FIG. 7). |
[0162]

A plurality of the first memory cells 52 and a plurality of the second memory
cells 53 are provided. The word lines 101 to 106, the buffers 107 to 112, the level
shifters 114 to 119, and the decoders 120 to 125 are provided.

[0163]

The first memory cell 52 will be described taking as an example the decoder
120, the level shifter 114, the buffer 107, and the word line 101. The word line 101 is
electrically connected to the output portion of the buffer 107, and the input portion of
the buffer 107 is electrically connected to the output portion of the level shifter 114.
The input portion of the level shifter 114 is electrically connected to the output portion
of the decoder 120. A selection signal is input to the input portion of the decoder 120
from the address line Al and the address line A2.

[0164] _

The second memory cell 53 is electrically connected to the word line 105 or the
word line 106. The decoder 124, the level shifter 118, and the word line 105 will be
described as an example. The word line 105 is electrically connected to the output
portion of the buffer 111, and the input portion of the buffer 111 is electrically
connected to the output portion of the level shifter 118. The input portion of the level.
shifter 118 is electrically connected to the output portion of the decoder 124. One of
the input portions of the decoder 124 is electrically connected to the electrode 313 of the
third transistor 62, and the other is electrically connected to the address line A2. The
electrode 311 of the third transistor 62 is electrically connected to the address line AX.
[0165]

In accordance with a signal from the address line AX and the address line A2,
the decoder 124 outputs a selection signal for writing and reading data to and from the

second memory cell 53. The signal from the address line AX is first input to the
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electrode 311 of the third transistor 62. A voltage Vg is input to the third gate
electrode 312 of the third transistor 62 from the control line CTRL. If the third
transistor 62 is irradiated with UV rays at this time, the third transistor 62 is turned on
and the signal from the address line AX is input to the decoder 124. After that, the
selection signal is input to the word line 105 through the level shifter 118 and the buffer
111, whereby the second memofy cell 53 is turned on. When the second memory cell
53 is turned on, data can be written to and read from the second memory cell 53.

[0166]

The decoder 125, the third transistor 62, the level shifter 119, the buffer 112,
the word line 106, and the second memory cell 53 also operate in the aforementioned
manner. The second memory cell 53 cannot be accessed by a third party because the
third transistor is provided.

[0167]

Next, the first memory cell 52 will be described taking as an example the
decoder 120, the level shifter 114, the buffer 107 and the word line 101. In accordance
with a signal from the address line Al and the address line A2, the buffer 120 outputs a
selection signal for writing and reading data to and from the first memory cell 52. The
selection signal is input to the word line 101 through the level shifter 114 and the buffer
107, whereby the first memory cell 52 is turned on. When the first memory cell 52 is
turned on, data can be written to and read from the first memory cell 52. The first
memory cell 52 can be accessed by a third party because the third transistor 62 is not
provided.

[0168] _

The structure and material of the first transistor 54 are similar to those of the
first transistor 4 in Embodiment 1. The structure and material of the second transistor
58 are also similar to those of the first transistor 4 in Embodiment 1.

[0169] _

The structure and material of the first memory element 55 are similar to those
of the first memory element 5 in Embodiment 1. The structure and material of the
second memory element 59 are also similar to those of the first memory element 5 in
Embodiment 1.

[0170]
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The structure and material of the third transistor 62 are similar to those of the
second transistor 8 in Embodiment 1.

[0171]

The memory device 51 can be manufactured using the method shown in
Embodiment 1.

[0172]
(Embodiment 3) ‘

This embodiment is a modified example of Embodiment 2. A memory device
including a fourth transistor in addition to the third traﬁsistor will be described. The.
third channel of the third transistor includes, like the first channel of the first transistor
and the second channel of the second transistor, a semiconductor film such as a silicon
film. A fourth channel of the fourth transistor is formed of an oxide semiconductor
film. One of a fourth source and drain electrodes of the fourth transistor is electrically
connected to the third gate electrode of the third transistor.

[0173]

Specifically, a memory device includes a first memory cell having a first
transistor and a first memory element, a second memory cell having a second transistor -
and a second memory element, a third transiétqr, and a fourth transistor. The first
transistor includes a first channel, a first gate electrode, and a first source and drain
electrodés; the first gate electrode is part of a first word line or is electrically connected
to the first word line; and one of the first source and drain electrodes is part of a first bit
line or is electrically connected to the first bit line and the other is electrically connected
to the first memory element. The second transistor includes a second channel, a
second gate electrode, and a second source and drain electrodes; the second gate
electrode is part of a second word line or is electrically connected to the second word
line; and one of the second source and drain electrodes is part of a second bit line or is
electrically connected to the second bit line and the other is electrically connected to the
second memory element. The third transistor includes a third channel, a third gate
electrode, and a third source and drain electrodes; and one of the third source and drain
electrodes is electrically connected to the second word line and a selection signal to turn
on the second transistor is input to the other of the third source and drain electrodes. A

fourth transistor includes a fourth channel, a fourth gate electrode, and a fourth source
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and drain electrodes; the fourth channel is formed of an oxide semiconductor film; and
one of the fourth source and drain electrodes is electrically connected to the third gate
electrode and a selection signal to turn on the third transistor is input to the other of the
fourth source and drain electrodes. A threshold voltage of the fourth transistor before
ultraviolet ray irradiation is V3;; a threshold voltage of the fourth transistor at the time
of ultraviolet ray irradiation is V3,; and a threshold voltage of the fourth transistor after
ultraviolet ray irradiation is V33. Data is written to and read from the second memory
element in the following manner: a voltage (V) is applied to the fourth gate electrode
which is being irradiated with ultraviolet rays so that the fourth transistor is turned on
and thus the third transistor is turned on, and a selection signal is input to the second
gate electrode so that the second transistor is turned on. Note that V3 < Vg < V33 <
V31 (the voltage Vg is equal to or higher than the voltage V3,) is satisfied.
[0174] "

The memory device 51 includes the first memory cell 52, the second memory
cell 53, the third transistor 62, and a fourth transistor 200 (FIG. 16).
[0175]

The first memory cell 52 and the second memory cell 53 are the same as the
first memory cell 52 and the second memory cell 53 in Embodiment 2.
[0176]

A semiconductor film made of silicon or the like is used for the first channel
302 of the first transistor 54 and the second channel 306 of the second transistor 58. It
is preferable that the same voltage (Vw) be applied to the first gate electrode 304 and
the second gate electrode 308 to turn on the first transistor 54 and the second transistor
58. Note that the threshold voltage of the first transistor is V, the threshold voltage of
the second transistor is V,, and V; < Vy and V; < Vy, are satisfied. Therefore, the first
transistor 54 and the second transistor 58 preferably have the same structure.
[0177]

The third channel 310 of the third transistor 62 is made of silicon like the first
channel 302 of the first transistor 54 and the second channel 306 of the second transistor
58. Alternatively, the third channel 310 may be made of germanium,

silicon-germanium, gallium arsenide, silicon carbide, or the like. A fourth channel 314
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of the fourth transistor 200 is formed of an oxide semiconductor film.
[0178]

It is preferable that the same voltage (Vw) be applied to the first gate electrode
304, the second gate electrode 308, and the third gate electrode 312 to turn on the first
transistor 54, the second transistor 58, and the third transistor 62. Note that the
threshold voltage of the first transistor 54 is Vi, the threshold voltage of the second
transistor 58 is V, the threshold voltage of the third transistor 62 is V3, and V; < Vy, V3
< Vw, and V3 < Vyw are satisfied. Therefore, the first transistor 54, the second
transistor 58, and the third transistor 62 preferably have the same structure.

[0179]

A signal to turn on or off the third transistor 62 is input to the third gate
electrode 312 of the third transistor 62. The electrode 313 (one of the third source and
drain electrodes) is electrically connected to the second word line 60. Here, the phrase
“being electrically connected” includes the case of being electrically connected
indirectly as well as the case of being electrically connected directly. Thus, the
electrode 313 may be electrically connected directly to the second word line 60, or may
be electrically connected to the second word line 60 through a level shifter and a buffer
or through a decoder, a level shifter, and a buffer.

[0180]

On the other hand, the electrode 311 (the other of the third source and drain
electrodes) of the third transistor 62 is electrically connected to the input terminal 63 to
which a selection signal to turn on or off the second transistor 58 is input.

[0181]

A signal to turn on or off the fourth transistor 200 is input to the fourth gate
electrode 316 of the fourth transistor 200. An electrode 315 (one of a fourth source
and drain electrodes) is electrically connected to the third gate electrode 312 of the third
transistor 62. A selection signal to turn on or off the third transistor 62 is input to an
electrode 317 (the other of the fourth source and drain electrodes). A capacitor 201
may be provided as needed. The capacitor 201 stores charges for turning on the third
transistor even when the fourth transistor 200 is turned off. An electrode 318 of the

capacitor 201 is electrically connected to the electrode 315 and the gate electrode 312 of
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the third transistor 62. A reference voltage is applied to another electrode 319.
[0182]

The threshold voltage of the fourth transistor 200}changes when the fourth
channel 314 is irradiated with ultraviolet (UV) rays (FIG. 5). The line 71, the line 72,
and the line 73 represent the Vg-Id relationship of the fourth transistor 200 before UV
ray irradiation, at the time of UV ray irradiation, and after UV ray »irradiation,
respectively. The threshold voltage of the fourth transistor 200 is V3, without UV ray
irradiation (before UV ray irradiation); Vs, at the time of UV ray irradiation; and V33
after UV ray irradiation. The memory device 51 is controlled by utilizing this
phenomenon.

[0183]

When data writing and reading are practically performed, the voltage Vg which
satisfies V3, < Vg < V33 < V3 (the voltage Vg is equal to or higher than the voltage V3;)
is applied to the fourth gate electrode of the fourth transistor 200. As a result, the
fourth transistor 200 can be turned on when being irradiated with UV rays, while the
fourth transistor 200 is kept off when not being irradiated with UV rays. In the case
where the fourth transistor before UV ray irradiation and after UV ray irradiation is a
normally-off transistor, Vg may be equal to O V.

[0184] .

When the fourth channel 314 is irradiated with UV rays so that the fourth
transistor 200 is turned on, a selection signal to turn on or off the third transistor 62 is
input from the electrode 317 to the third gate electrode 312.

[0185]

Next, the operation of the memory device 51 will be described. Data that can
be accessed by a third party is written to and read from the first memory element 55.
Data that should not be accessed by a third party is written to and read from tﬁc second
memory element 59.

[0186]
1. Writing and reading data to and from the first memory element 55

Described first is operation in writing and reading data (charges) to and from
the first memory element 55. A voltage Vy is applied to the first word line 56 so that

the voltage Vw is applied to the first gate electrode 304 of the first transistor 54; thus,
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the first transistor 54 is turned on. When the first transistor 54 is turned on, data is
written from the first bit line 57 to the first memory element 55. Data is stored in the
first memory element 55 because a capacitor or the like is included in the first memory
element 55. - When data is read from the first memory element 55, a voltage Vw is
applied to the first word line 56 so that the voltage Vw is applied to the first gate
electrode 304 of the first transistor 54; thus, the first transistor 54 is turned on. When
the first transistor 54 is turned on, data is read from the first memory element 55 to the
first bit line 57.

[0187]

On the other hand, a voltage Vw to turn on the second transistor 58 is also
applied to the input terminal 63, and a voltage Vg is applied to the fourth gate electrode
316 of the fourth transistor 200. Note that the fourth transistor is not irradiated with
UV rays. Since the voltage Vg is lower than the threshold voltage (V31) of the fourth
transistor 200, the fourth transistor 200 is kept off. Therefore, the third transistor 62
and the second transistor 58 are kept off and data cannot be written to and read from the
second memory element 9.

[0188]
1. Writing and reading data to and from the second memory element 59

Described is operation in writing and reading data (charges) to and from the
second memory element 59. A voltage Vg is applied to the fourth gate electrode 316
of the fourth transistor 200. At this time, the fourth channel 314 is irradiated with UV
rays. The threshold voltage of the fourth transistor 200 changes from V3; to Vi,.
Since the voltage V¢ is higher than the threshold voltage (V3;) of the fourth transistor
200 which is irradiated with UV rays, the fourth transistor 200 is turned on. When the
fourth transistor 200 is turned on, a selection signal (voltage Vw) to turn on the third
transistor 62 is input from the electrode 317 to the third gate electrode 312. When the
third transistor 62 is turned on, the voltage Vw applied to the input terminal 63 is
applied to the second word line 60 and then to the second gate electrode 308 of the
second transistor 58, whereby the second transistor 58 is turned on. When the second
transistor 58 is turned on, data is written to the second memory element 59 from the
second bit line 61. Data is stored in the second memory element 59 because a

capacitor or the like is included in the second memory element 59.
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[0189]

‘ Next, when data is read from the second memory element 59, a voltage Vg is
applied to the fourth gate electrode 316 of the fourth transistor 200. At this time, the
fourth transistor 200 is irradiated with UV rays to be turned on. When the fourth
transistor 200 is turned on, the third transistor 62 is turned on. When the third
transistor 62 is turned on, the voltage Vw applied to the input terminal 63 is applied to
the second word line 60 and then to the second gate electrode 308 of the second
transistor 58, whereby the second transistor 58 is turned on. When the second
transistor 58 is turned on, data is read from the second memory element 59 to the
second bit line 61.

[0190]

After the data is written to and read from the second memory element 59, UV
ray irradiation to the fourth transistor 200 is stopped. The threshold voltage of the
fourth transistor 200 changes to Vi3, and the fourth transistor 200 is turned off. Since
the fourth channel 314 is formed of an oxide semiconductor, the fourth transistor has a
low off-current. Accordingly, the potential of the third gate electrode 312 of the third
transistor 62 can be kept. In addition, if the capacitor 201 is provided, charges held in
the capacitor 201 make it possible to keep the potential of the third gate electrode 312.
Since the potential of the third gate electrode 312 is kept, the third transistor 62 can be
turned on even when not being irradiated with UV rays.

[0191]
3. Writing and reading data to and from the first memory element 55 after the threshold
voltage of the fourth transistor 200 changes to V33

Described is operation in writing and reading data to and from the first memory
element 55 after the threshold voltage of the fourth transistor 200 changes to Vi3. A
voltage Vy is applied to the first word line 56 so that the voltage V is applied to the
first gate electrode 304 of the first transistor 54; thus, the first transistor 54 is turned on.
When the first transistor 54 is turned on, data is written from the first bit line 57 to the
first memory element 55. Datais stored in the first memory element 55 because a
capacitor or the like is included in the first memory element 55. When data is read
from the first memory element 55, a voltage Vw is applied to the first word line 56 so

that the voltage Vw is applied to the first gate electrode 304 of the first transistor 54;
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thus, the first transistor 54 is turned on. When the first transistor 54 is turned on, data
is read from the first memory element 55 to the first bit line 57.
[0192]

On the other hand, a voltage Vw to turn on the second transistor 58 is applied to
the input terminal 63, and a voltage Vg is applied to the fourth gate electrode 316 of the
fourth transistor 200. Note that the fourth transistor 200 is not irradiated with UV rays.
Since the voltage Vg is lower than the threshold voltage (V33) of the fourth transistor
200, the fourth transistor 200 is kept off. Therefore, the third transistor 62 and the
second transistor 58 are kept off and data cannot be written to and read from the second
memory element 9.

[0193]
4. Writing and reading data to and from the second memory element 59 after the
threshold voltage of the fourth transistor 200 changes to Vi3

A voltage Vg is applied to the fourth gate electrode 316 of the fourth transistor
200. At this time, the fourth transistor 200 is irradiated with UV rays. Since the
voltage Vg is higher than the threshold voltage (V3,) of the fourth transistor 200 which
is irradiated with UV rays, the fourth transistor 200 is turned on. When the fourth

transistor 200 is turned on, the third transistor 62 is turned on. When the third

- transistor 62 is turned on, the voltage Vw applied to the input terminal 63 is applied to

the second word line 60 and then to the second gate electrode 308 of the second
transistor 58, whereby the second transistor 58 is turned on. When the second
transistor 58 is turned on, data is written to the second memory element 59 from the
second bit line 61. Data is stored in the second memory element 59 because a
capacitor or the like is included in the second memory element 59.

[0194]

Next, when data is read from the second memory element 59, a voltage Vg is
applied to the fourth gate electrode 316 of the fourth transistor 200. At this time, the
fourth transistor 200 is irradiated with UV rays to be turned on. When the fourth
transistor 200 is turned on, the third transistor 62 is turned on. When the third
transistor 62 is turned on, the voltage Vw applied to the input terminal 63 is applied to
the second word line 60 and then to the second gate electrode 308 of the second

transistor 58, whereby the second transistor 58 is turned on. When the second
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transistor 58 is turned on, data is read from the second memory element 59 to the
second bit line 61.
[0195]

After the data is written to and read from the second memory element 59, UV
ray irradiation to the fourth transistor 200 is stopped. Note that since the fourth
transistor 200 has a low off-current, the potential of the third gate electrode 312 of the
third transistor 62 can be kept. In addition, if the capacitor 201 is provided, charges
held in the capacitor 201 make it possible to keep the potential of the third gate
electrode 312.

[0196]

The structure and material of the first transistor 54 are similar to those of the
first transistor 4 in Embodiment 1. The structure and material of the second transistor
55 and the third transistor 62 are also similar to those of the first transistor 4 in
Embodiment 1.

[0197]

The structure and material of the first memory element 55 are similar to those
of the first memory element 5 ih Embodiment 1. The structure and material of the
second memory element 59 are also similar to those of the first memory element 5 in
Embodiment 1.

[0198]

The structure and material of the fourth transistor 200 are similar to those of
the second transistor 8 in Embodiment 1. |
[0199]

The memory device 51 can be manufactured using the method shown in
Embodiment 1.

[0200]
(Embodiment 4)

This embodiment shows another example of the structure of Embodiment 1, in
which data cannot be written to the second memory element 9 by a third party.
Specifically, the memory device includes a writing circuit, an analog switch, and a third
transistor. The third transistor includes a third channel, a third gate electrode, and a

third source and drain electrodes, and the third channel is formed of an oxide
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semiconductor film. An output of the writing circuit is input to the analog switch; an
output of the analog switch is input to one of the source and drain electrodes of the
second transistor; a writing enable signal is input to one of the third source and drain
electrodes; the other of the third source and drain electrodes is connected to a first
control terminal of the analog switch; and an inverted signal of the writing enable signal
is input to a second control terminal of the analog switch. A threshold voltage of the
third transistor before ultraviolet ray irradiation is V3;; a threshold voitagc of the third
transistor at the time of ultraviolet ray irradiation is V3;; and a threshold voltage of the
third transistor after ultraviolet ray irradiation is V33. Data is written to the second
memory element in the following manner: a voltage (Va) is applied to the third. gate
electrode which is being irradiated with ultraviolet rays so that the third transistor is
turned on, the writing enable signal is input to the first control terminal, the output of
the writing circuit is input to one of the second source and drain electrodes, and a
voltage (Vw) is applied to the second gate electrode so that the second transistor is
turned on. Note that V3; <= V4 < V33 < V3; (the voltage V, is equal to or higher than
the voltage Vs»), and V2,3 < V31 < Vy are satisfied.

[0201]

The memory device 1 shown in this embodiment includes a writing circuit 83,
an analog switch 82, and a third transistor 81 in addition to the structure illustrated in
FIG. 1 (FIG. 8). The third transistor 81 includes a third channel 320, a third gate
electrode 322, an electrode 321 (one of a third source and drain electrodes), and an
electrode 323 (the other of the third source and drain electrodes). The third channel
320 of the third transistor 81 is formed of an oxide semiconductor film.

[0202]

An output of the writing circuit 83 is input to the analog switch 82. The
writing circuit 83 is a circuit for outputting a writing voltage, and a known circuit may
be used for the writing circuit 83. An output of the analog switch 82 is input to the
electrode 33 of the second transistor 8. A writing (EN) enable signal is input to the
electrode 321 of the ihird transistor 81, and the other electrode 323 is connected to a
first control terminal 324 of the analog switch 82. An inverted signal of the writing

enable signal (EN’) is input to a second control terminal 325 of the analog switch 82.
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[0203]

| The threshold voltage of the third transistor 81 changes when the third channel
320 is irradiated with ultraviolet (UV) rays (FIG. 9). FIG. 9 schematically shows the
relationship between the gate voltage (Vg) and the drain current (Id) of the third

‘transistor 81. The line 71, the line 72, and the line 73 represent the Vg-Id relationship

of the third transistor 81 before UV ray irradiation, at the time of UV ray irradiation,
and after UV ray irradiation, respectively. The threshold voltage of the third transistor
81 is V3; without UV ray irradiation (before UV ray irradiation); V3, at the time of UV
ray irradiation; and V33 after UV ray irradiation. Data writing is performed by utilizing
this phenomenon.

[0204]

When data writing is practically performed, a voltage V4 which satisfies V3, <
Va < V33 < V3 (the voltage V, is equal to or higher than the voltage V3,) is applied to
the third gate electrode 322 of the third transistor 81. As a result, the third transistor
81 can be turned on when being irradiated with UV rays, while the third transistor 81 is
kept off when not being irradiated with UV rays. Note that the off-current of the third
transistor 81 increases at the time of UV ray irradiation due to photo-leakage current.
[0205]

Data which is to be stored in the second memory element 9 is output from the
writing circuit 83 and then input to the analog switch 92. A writing enable signal (EN)
is input to the first control terminal 324 of the analog switch 82, and an inverted signal
of the writing enable signal (EN’) is input to the second control terminal 325 of the
analog switch 82. The writing enable signal is first input to the electrode 321 of the
third transistor 81. A voltage V, is input to the third gate electrode 322 of the third
transistor 81 from the control line CTRL. If the third transistor 81 is irradiated with
UV rays at this time, the third transistor 81 is turned on and the writing enable signal is
input to the first control terminal 324 of the analog switch 82. Then, the analog switch
82 is turned on and the data is input from the writing circuit 83 to the electrode 33 of the
second transistor 8 through the second bit line 11. At this time, a voltage Vw (V23 <
V21 < V) is input from the second word line 10 to the second gate electrode 30 of the

second transistor 8 so that the second transistor 8 is turned on; then, the data is stored in
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the second memory element 9. When the third transistor 81 is provided in this manner,
data cannot be written to the second memory elemént 9 by a third party.
[0206]

Although a reading circuit is not illustrated in FIG. 8, it is needless to say that
the memory device 1 includes a reading circuit. The analog switch 82 includes two
control terminals: the first control terminal 324 and the second control terminal 325.
In order to prevent an unstable state such that one control terminal is turned on and the
other is turned off, a pull-down resistor 90 may be prbvided as illustrated in FIG. 8. -
[0207]

The structure and materiai of the third trahsistor 81 are similar to those of the
second transistor 8 in Embodiment 1.

[0208]

The memory device 1 can be manufactured using the method shown in
Embodiment 1.

[0209]
(Embodiment 5)

Shown in this embodiment is a memory module 150 to which any of
Embodiments 1 to 4 is applied (FIG. 10). The memory module 150 includes a first
memory cell region 151, a second memory cell region 152, an interface 153, a row
decoder 154, a row decoder 155, and a column decoder 156.

[0210]

The first memory cell region 151 includes a plurality of first memory cells 2
(52) shown in the above embodiments. The second memory cell region 152 includes a
plurality of second memory cells 3 (53) shown in the above embodiments (FIG. 15).
[0211]

The row decoder 154 includes, for example, the decoders 120 to 123, the level
shifters 114 to 117, and the buffers 107 to 110 that are shown in the above embodiments,
and is connected to the first memory region 151 through word lines 157. The row
decoder 155 includes, for example, the decoders 124 and 125, the level shifters 118 and
119, and the buffers 111 and 112 that are shown in the above embodiments, and is
connected to the second memory cell region 152 through word lines 158. V
[0212]
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The column decoder 156 includes, for example, the writing circuit 83 and the
reading circuit that are shown in the above embodiments, and is connected to the first
memory cell region 151 and the second memory cell region 152 through bit lines 159.
[0213]

The row decoder 154, the row decoder 155, and the column decoder 156 each
are connected to the interface 153.

[0214]

As described in the above embodiments, a transistor using an oxide
semiconductor film for a channel is provided in any of the second memory cell region
152, the row decoder 155, and the column decoder 156. In the present invention, the
threshold voltage of a transistor is changed by irradiating the transistor with ultraviolet
(UV) rays. Therefore, it is preferable that the region is generally covered with a shield
which blocks UV rays. The shield is removed by a person admitted to the region, and
then the transistor is irradiated with UV rays. Since the region is covered with the
shield, the region cannot be accessed by a third party.

[0215]
(Embodiment 6)

Shown in this embodiment is an RFID tag 500 including the memory module
described in the above embodiment (FIG. 11).

[0216]

The RFID tag 500 includes an antenna circuit 501 and a signal processing
circuit 502. The signal processing circuit 502 includes a rectifier circuit 503, a power
supply circuit 504, a demodulation circuit 505, an oscillation circuit 506, a logic circuit
507, a memory control circuit 508, a memory circuit 509, a logic circuit 510, an
amplifier 511, and a modulation circuit 512. The memory circuit 509 includes the
memory module described in the above embodiment.

[0217]

A communication signal received by the antenna circuit 501 is input to the
demodulation circuit 505. The frequency of the communication signal received, that is,
the frequency of a signal communicated between the antenna circuit 501 and a
reader/writer is, for example, 13.56 MHz, 915 MHz, or 2.45 GHz in UHF (ultra high

frequency) band, which is determined on the basis of the ISO standards or the like.
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Needless to say, the frequency of a signal communicated between the antenna circuit
501 and a reader/writer is not limited to this, and it is possible to use, for example, 300
GHz to 3 THz which is a submillimeter wave, 30 GHz to 300 GHz which is a millimeter
wave, 3 GHz to 30 GHz which is a microwave, 300 MHz to 3 GHz which is an ultra
high frequency, and 30 MHz to 300 MHz which is a very high frequency. Further, a
signal communicated between the antenna circuit 501 and a reader/writer is a carrier
modulated signal. A carrier wave is modulated by analog modulation or digital
modulation, and any of amplitude modulation, phase modulation, frequency modulation,
and spread spectrum may be used. Preferably, amplitude modulation or frequency
modulation is used.

[0218]

An oscillation signal output from the oscillation circuit 506 is supplied as a
clock signal to the logic circuit 507. In addition, the modulated carrier wave is
demodulated in the demodulation circuit 505. The demodulated signal is transmitted
to the logic circuit 507 and analyzed. The signal analyzed in the logic circuit 507 is
transmitted to the memory control circuit 508. The memory control circuit 508
controls the memory circuit 509 so that data is taken from the memory circuit 509 and
transmitted to the logic circuit 510. The signal transmitted to the logic circuit 510 is
encoded in the logic circuit 510 and amplified in the amplifier 511. With the amplified

signal, the modulation circuit 512 modulates a carrier wave. In accordance with the

“modulated carrier wave, the reader/writer recognizes the signal from the RFID tag 500.

[0219]

A carrier wave input to the rectifier circuit 503 is rectified and then input to the
power supply circuit 504. A power supply voltage obtained in this manner is supplied
from the power supply circuit 504 to the demodulation circuit 505, the oscillation circuit
506, the logic circuit 507, the memory control circuit 508, the memory circuit 509, the
logic circuit 510, the amplifier 511, the modulation circuit 512, and the like.

[0220]

There is no particular limitation on the connection between the signal
processing circuit 502 and an antenna in the antenna circuit 501. For example, the
antenna and the signal processing circuit 502 are connected by wire bonding or bump

connection. Alternatively, the signal processing circuit 502 is formed to have a chip
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shape and one surface thereof is used as an electrode and attached to the antenna. The
signal processing circuit 502 and the antenna can be attached to each other with use of
an ACF (anisotropic conductive film).
[0221]

- The antenna is stacked over the same substrate as the signal processing circuit -
502, or formed as an external antenna. Needless to say, the antenna is provided above
or below the signal processing circuit.
[0222]

In the rectifier circuit 503, an AC signal that is induced by a carrier wave
received by the antenna circuit 501 is converted into a DC signal.
[0223]

The RFID tag 500 may include a battery 561 (FIG. 12). When a power supply
voltage output from the rectifier circuit 503 is not high enough to operate the signal
processing circuit 502, the battery 561 also supplies power supply voltage to each
circuit of the signal processing circuit 502, such as the demodulation circuit 505, the
oscillation circuit 506, the logic circuit 507, the memory control circuit 508, the
memory circuit 509, the logic circuit 510, the amplifier 511, and the modulation circuit
512.

[0224]

Surplus voltage of the power supply voltage output from the rectifier circuit
503 may be stored in the battery 561. When an antenna circuit and a rectifier circuit
are provided in the RFID tag 500 in addition to the antenna circuit 501 and the rectifier
circuit 503, energy stored in the battery 561 can be obtained from electromagnetic
waves and the like that are generated randomly.

[0225]

A battery can be continuously used by charging. As the battery, a battery
formed into a sheet form is used. For example, by using a lithium polymer battery that
includes a gel electrolyte, a lithium ion battery, a lithium secondary battery, or the like, a
reduction in the size of the battery is realized. For example, a nickel metal hydride
battery or a nickel cadmium battery can be used. Alternatively, a capacitor having
large capacitance, or the like can be used.

[0226]
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(Embodiment 7)

In this embodiment, application examples of an RFID tag 800 shown in the
above embodiment will be shown (FIGS. 13A to 13F).
[0227]

‘The RF tag 800 is widely used and can be provided for, for example, products
such as bills, coins, securities, bearer bonds, .documents (e.g., driver’s licenses or
resident’s cards, see FIG. 13A), packaging containers (e.g., wrapping paper or bottles,
see FIG. 13C), recording media (e.g., DVD software or video tapes, see FIG. 13B),
vehicles (e.g., bicycles, see FIG. 13D), personal belongings (e.g., bags or glasses), foods,
plants, animals, human bodies, clothing, household goods, and electronic appliances
(e.g., liquid crystal display devices, EL display devices, television sets, or cellular
phones), or tags on products (see FIGS. 13E and 13F).

[0228]

The RF tag 800 is fixed to a product by being mounted on a printed board,
attached to a surface of the product, or embedded in the product. For example, the RF
tag 800 is fixed to each product by being embedded in paper of a book, or embedded in

an organic resin of a package. Since the RF tag 800 can be reduced in size, thickness,

- and weight, it can be fixed to a product without spoiling the design of the product.

Further, bills, coins, securities, bearer bonds, documenfs, or the like can have an
identification function by being provided with the RF tag 800, and the identification
function can be utilized to prevent counterfeiting. Moreover, the efficiency of a
system such as an inspection system can be improved by providing the RF tag for
packaging containers, recording media, personal belongings, foods, clothing, household
goods, electronic appliances, or the like. Vehicles can also have higher security against
theft or the like by being provided with the RF tag 800.

[Example 1]

[0229]

FIGS. 14A to 14C each show an example of measurement of the relationship
between Vg (V) and Id (A) of a thin film transistor. The thin film transistor uses an
oxide semiconductor film for a channel. FIG 14A is a Vg-Id curve before UV ray
irradiation, FIG. 14B is a Vg-Id curve at the tirﬁe of UV ray irradiation, and FIG. 14C is
a Vg-1d curve after UV ray irradiation. In the graphs, Vth represents a threshold
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voltage, S-value represents an S value, and VDS represents a drain voltage. The UV
ray has a wavelength of 254 nm and an intensity of 0.06 mW/cm?, and irradiation time
is three minutes. An In-Ga-Zn-O-based oxide semiconductor film was used for the
channel. The thin film transistor has a bottom-gate structure illustrated in FIG. 3.
The UV ray was emitted to the channel from above the channel.
[0230]

When the thin film transistor was irradiated with the UV ray, the threshold
voltage changed from ~0.54V to -3.23 V, and further changed to -2.16 V after the UV

ray irradiation. The thin film transistor is operated by utilizing this phenomenon.

This application is based on Japanese Patent Application serial no.
2009-262764 filed with Japan Patent Office on November 18, 2009, the entire contents

of which are hereby incorporated by reference.
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CLAIMS
1. A memory device comprising:
a first memory cell; and
a second memory cell,
the first memory cell comprising a first transistor and a first memory element,
the first transistor comprising a first channel, a first gate electrode, and
a first source and drain electrodes,
wherein the first gate electrode is part of a first word line or is
electrically connected to the first word line; and
wherein one of the first source and drain electrodes is part of a first bit
line or is electrically connected to the first bit line and the other is electrically connected
to the first memory element,
the second memory cell comprising a second transistor and a second memory
clement, '
the second transistor comprising a second channel, a second gate
electrode, and a second source and drain electrodes,
_ wherein the second gate electrode is part of a second word line or is
electrically connected to the second word line;
wherein the second channel is formed of an oxide semiconductor film;
and
wherein one of the second source and drain electrodes is part of a
second bit line or is electrically connected to the second bit line and the other is
electrically connected to the second memory element,
wherein a threshold voltage (V2;) of the second transistor before ultraviolet ray
irradiation is higher than a threshold voltage (V) of the first transistor;
wherein a threshold voltage (V1) of the second transistor at the time of
ultraviolet ray irradiation is lower than the voltage V;;
wherein a threshold voltage (V23) of the second transistor after ultraviolet ray
irradiation is lower than the voltage V3, and higher than the voltage V2, and the voltage
Vi;
wherein data stored in the second memory element is read when a voltage (Vg)

is applied to the second gate electrode of the second transistor which is being irradiated
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with ultraviolet rays so that the second transistor is turned on; and
wherein Vi < Vg (the voltage Vg is equal to or higher than the voltage V), and
V22 = Vg < Va3 < V3 (the voltage Vg is equal to or higher than the voltage V) are

satisfied.

2. The memory device according to claim 1, wherein data stored in the first
memory element is read by applying the voltage Vg to the first gate electrode to turn on

the first transistor.

3. The memory device according to claim 1, wherein the first channel is formed

of silicon.

4. The memory device according to claim 1, further comprising a writing
circuit, an analog switch, and a third transistor,

the third transistor comprising a third channel, a third gate electrode, and a
third source and drain electrodes,

the third channel comprising an oxide semiconductor film,

wherein an output of the writing circuit is input to the analog switch;

wherein an output of the analog switch is input to one of the second source and
the drain electrodes of the second transistor;

wherein a writing enable signal is input to one of the third source and drain
electrodes, and the other of the third source and drain electrodes is connected to a first
control terminal of the analog switch;

wherein an inverted signal of the writing enable signal is input to a second
control terminal of the analog switch;

wherein a threshold voltage of the third transistor before ultraviolet ray
irradiation is Vs;

wherein a threshold voltage of the third transistor at the time of ultraviolet ray
irradiation is Vso;

wherein a threshold voltage of the third transistor after ultraviolet ray

irradiation is Vs3;
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wherein data is written to the second memory element in the following manner:
a voltage (V,) is applied to the third gate electrode which is being irradiated with
ultraviolet rays so that the third transistor is turned on, the writing enable signal is input
to the first control terminal, the output of the writing circuit is input to one of the second
source and drain electrodes, and a voltage (Vw) is applied to the second gate electrode
so that the second transistor is turned on; and

wherein V3; = V4 < V33 < V3; (the voltage V, is equal to or higher than the

voltage V3z), and V3 < Va1 < Vy are satisfied.

5. A memory device comprising:
a first memory cell comprising a first transistor and a first memory element;
a second memory cell comprising a second transistor and a second memory
element; and
a third transistor,
the first transistor comprising a first channel, a first gate electrode, and
a first source and drain electrodes,
wherein the first gate electrode is part of a first word line or is
electrically connected to the first word line; and
wherein one of the first source and drain electrodes is part of a first bit
line or is electrically connected to the first bit line and the other is electrically connected
to the first memory element,
the second transistor comprising a second channel, a second gate
electrode, and a second source and drain electrodes,
wherein the second gate electrode is part of a second word line or is
electrically connected to the second word line; and
wherein one of the second source and drain electrodes is part of a
second bit line or is electrically connected to the second bit line and the other is
electrically connected to the second memory element,
the third transistor comprising a third channel, a third gate electrode,
and a third source and drain electrodes,

wherein the third channel is formed of an oxide semiconductor film;
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and
wherein one of the third source and drain electrodes is electrically
connected to the second word line and a selection signél to turn on the second transistor
is input to the other of the third source and drain electrodes,
wherein a threshold voltage of the third transistor before ultraviolet ray
irradiation is V3;;
~ wherein a threshold voltage of the third transistor at the time of ultraviolet ray
irradiation is V3z;
wherein a threshold voltage of the third transistor after ultraviolet ray
irradiation is Vs3; _
wherein data is written to and read from the second memory element in the
following manner: a voltage (V) is applied to the third gate electrode which is being
irradiated with ultraviolet rays so that the third transistor is turned on, and the selection
signal is input to the second gate electrode so that the second transistor is turned on; and
wherein V3; < Vg < Vi3 < V3; (the voltage Vg is equal to or higher than the

voltage V3,) is satisfied.

6. The memory device according to claim 5, further comprising a decoder, a
level shifter, and a buffer,

wherein one of the third source and drain electrodes is electrically connected to

- the second word line through the level shifter and the buffer; and

wherein the selection signal is input from the decoder to the other of the third

source and drain electrodes.

7. The memory device according to élaim 5, further comprising a decoder, a
level shifter, a buffer, and an address line,

wherein one of the third source and drain electrodes is electrically connected to
the second word line through the decoder, the level shifter, and the buffer; and ‘

wherein the selection signal is input from the address line to the other of the

third source and drain electrodes.

8. A memory device comprising:
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a first memory cell comprising a first transistor and a first memory element;
a second memory cell comprising a second transistor and a second memory
element;
a third transistor; and
a fourth transistor,
the first transistor comprising a first channel, a first gate electrode, and
a first source and drain electrodes,

wherein the first gate electrode is part of a first word line or is

electrically connected to the first word line; and

wherein one of the first source and drain electrodes is part of a first bit
line or is electrically connected to the first bit line and the other is electrically connected
to the first memory element,

the second transistor comprising a second channel, a second gate

- electrode, and a second source and drain electrodes,

wherein the second gate electrode is part of a second word line or is
electrically connected to the second word line; and

wherein one of the second source and drain electrodes is part of a
second bit line or is electrically connected to the second bit line and the other is
electrically connected to the second memory element,

the third transistor comprising a third channel,i a third gate electrode,
and a third source and drain electrodes,

wherein one of the third source and drain electrodes is electrically
connected to the second word line and a selection signal to turn on the second transistor
is input to the other of the third source and drain electrodes,

the fourth transistor comprising a fourth channel, a fourth gate
electrode, and a fourth source and drain electrodes,

wherein the fourth channel is formed of an oxide semiconductor film;
and

wherein one of the fourth source and drain electrodes is electrically
connected to the third gate electrode and a selection signal to turn on the third transistor
is input to the other of the fourth source and drain electrodes,

wherein a threshold voltage of the fourth transistor before ultraviolet ’ray
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irradiation is Vs;;

wherein a threshold voltage of the fourth transistor at the time of ultraviolet ray
irradiation is V3y;

wherein‘ a threshold voltage of the fourth transistor after ultraviolet ray
irradiation is V3s;

wherein data is written to and read from the second memory element in the
following manner: a voltage (V) is applied to the fourth gate electrode which is being
irradiated with ultraviolet rays so that the fourth transistor is turned on and thus the third
transistor is turned on, and a selection signal to turn on the second transistor is input to
the second gate electrode so that the second transistor is turned on; and

wherein V3; = Vg < V33 < V3; (the voltage Vg is equal to or higher than the

voltage V3,) is satisfied.

9. A memory device comprising;:
a first memory cell; and
a second memory cell,
the first memory cell comprising a first transistor and a first memory element,
the first transistor comprising a first channel, a first gate electrode, and
a first source and drain electrodes;
wherein the first channel is formed of silicon; and
wherein one of the first source and drain electrodes is electrically
connected to the first memory element, ’
the second memory cell comprising a second transistor and a second memory
element, "
the second transistor comprising a second channel, a second gate
electrode, and a second source and drain electrodes,
wherein the second channel is formed of an oxide semiconductor film;
and
wherein one of the second source and drain electrodes is electrically
connected to the second memory element,
wherein the first memory cell and the second memory cell are formed over a

same substrate.
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EXPLANATION OF REFERENCE

1. memory device, 2. first memory cell, 3. second memory cell, 4. first transistor, 5. first
memory element, 6. first word line, 7. first bit line, 8. second transistor, 9. second
memory element, 10. second word line, 11. second bit line, 15. substrate, 16. insulating
film, 17. first channel, 18. region, 19. region, 20. silicon film, 21. first gate insulating
film, 22. first gate electrode, 23. insulating film, 24. insulating film, 25. electrode, 26.
electrode, 27. electrode, 28. electrode, 29, insulating film, 30, second gate electrode, 31.
second insulating film, 32. oxide semiconductor film, 33. electrode, 34. electrode, 35.
electrode, 36. insulating film, 38. insulating film, 41. line, 42. line, 43 line, 51. memory
device, 52. first memory cell, 53. second memory cell, 54. first transistor, 55. first
memory element, 56. first word line, 57. first bit line, 58. second transistor, 59. second
memory element, 62. third transistor, 60. second word line, 61. second bit line, 62. third
transistor, 71. line, 72. line, 73. line, 81. third transistor, 82. analog switch, 83. writing
circuit, 90. pull-down resistor, 101. word line, 102. word line, 103. word line, 104. word
line, 105. word line, 106. word line, 107. buffer, 108. buffer, 109. buffer, 110. buffer,
111. buffer, 112. buffer, 114. level shifter, 115. level shifter, 116. level shifter, 117. level
shifter, 118. level shifter, 119. level shifter, 120. decoder, 121. decoder, 122. decoder,
123. decoder, 124. decoder, 125. decoder, 150. memory module, 151. first memory cell
region, 152. second memory cell region, 153. interface, 154. row decoder, 155. row
decoder, 156. column decoder, 157. word line, 158. word line, 159. bit line, 200. fourth
transistor, 201. capacitor, 301. second channel, 302. first channel, 303. electrode, 304.
first gate electrode, 305. electrode, 306. second channel, 307. electrode, 308. second
gate electrode, 309. electrode, 310. third channel, 311. electrode, 312. third electrode,
313. electrode, 314. fourth channel, 315. electrode, 316. fourth gate electrode, 317.
electrode, 318. electrode, 319. electrode, 500. RFID tag, 501. antenna circuit, 502.
signal processing circuit, 503. rectifier circuit, 504. power supply circuit, 505.
demodulation circuit, 506. oscillation circuit, 507. logic circuit, 508. meméry control
circuit, 509. memory circuit, 510. logic circuit, 511. amplifier, 512. modulation circuit,.

561. battery, 800. RFID tag.
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