
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date .

13 October 2011 (13.10.2011) 2U11/125455 Al

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
GUC 17/14 (2006.01) kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(21) International Application Number: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

PCT/JP201 1/0565 10 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, KE, KG, KM, KN, KP, KR,

14 March 201 1 (14.03.201 1) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,

(25) Filing Language: English NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE,

(26) Publication Language: English SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT,
TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(30) Priority Data:
2010-089968 April 2010 (09.04.2010) (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
(71) Applicant (for all designated States except US): SEMI¬ GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

CONDUCTOR ENERGY LABORATORY CO., LTD ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
[JP/JP]; 398, Hase, Atsugi-shi, Kanagawa, 2430036 (JP). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,(72) Inventors; and
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,(75) Inventors/ Applicants (for US only): SAITO, Toshihiko
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

[JP/JP]; c/o SEMICONDUCTOR ENERGY LABORA
GW, ML, MR, NE, SN, TD, TG).TORY CO., LTD., 398, Hase, Atsugi-shi, Kanagawa,

2430036 (JP). TAKAHASHI, Yasuyuki.

[Continued on next page]

(54) Title: OXIDE SEMICONDUCTOR MEMORY DEVICE

(57) Abstract: A semiconductor memory device or a semiconductor device
which has high reading accuracy is provided. A bit line, a word line, a memory
cell placed in an intersection portion of the bit line and the word line, and a

FIG. 1
reading circuit electrically connected to the bit line are provided. The memory
cell includes a first transistor and an antifuse. The reading circuit includes a pre-
charge circuit, a clocked inverter, and a switch. The pre-charge circuit includes
a second transistor and a NAND circuit. The semiconductor memory device in
cludes transistor in each of which an oxide semiconductor is used in a channel
formation region, as the first transistor and the second transistor.
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DESCRIPTION

OXIDE SEMICONDUCTOR MEMORY DEVICE

TECHNICAL FIELD

[0001]

The present invention relates to a semiconductor memory device or a

semiconductor device on which the semiconductor memory device is mounted. In

particular, the present invention relates to a semiconductor memory device provided

with an antifuse.

BACKGROUND ART

[0002]

A technique called RFID (radio frequency identification) has attracted attention

and has been applied to various fields such as distribution, historical management,

article management, presence management, or the like. RFID refers to an exchange of

data with the use of a wireless communication technique in a narrow sense. A

semiconductor device called an RFID tag (also referred to as an RF tag, an ID tag, an IC

tag, or a wireless tag) is used for RFID, and wireless communication is performed

between an RFID tag and a communication device such as a reader/writer, so that

reading or writing of data can be performed.

[0003]

By including a memory (also called a memory element) in an RFID tag, a high

performance RFID tag can be obtained. In particular, it is preferable that a memory

which is one kind of involatile memory devices and to which writing can be performed

only once be included in an RFID tag because interpolation of data is not easily

performed and security is improved. Such a memory to which writing can be

performed only once is referred to as a one-time programmable memory (hereinafter

also referred to as an OTP memory, or simply an OTP in this specification) or the like.

[0004]

As examples of an OTP memory, an antifuse capable of writing data by

controlling a conductive state (a low resistance state) and a non-conductive state (a high



resistance state) and a fuse type memory such as a fuse are known. For example, an

antifuse is known, in which when voltage is applied to both ends of an element using

amorphous silicon, silicide is formed in an electrode to short-circuit (see Patent

Document 1).

[0005]

In addition, in order to reduce delay time for reading data from a memory cell

in a semiconductor memory such as a RAM, pre-charge of a bit line before performing

reading operation is proposed (see Patent Document 2).

[Reference]

[Patent Document]

[0006]

[Patent Document 1] Japanese Published Patent Application No. 07-297293

[Patent Document 2] Japanese Published Patent Application No. H5-089685

DISCLOSURE OF INVENTION

[0007]

An object of an embodiment of the present invention is to provide a

semiconductor memory device or a semiconductor device which has high reading

accuracy.

[0008]

An object of an embodiment of the present invention is to downsize a

semiconductor memory device or a semiconductor device.

[0009]

An embodiment of the disclosed invention is a semiconductor memory device

or a semiconductor device using a transistor in which a material which can reduce off

current sufficiently is used in a channel formation region, specifically, a transistor in

which an oxide semiconductor is used in a channel formation region, as a transistor

included in a memory cell and a transistor in a reading circuit,.

[0010]

As a transistor included in a memory cell, in particular, as a transistor

electrically connected to an antifuse, a transistor in which a material which can reduce

off current sufficiently is used in a channel formation region is used, thereby enabling to

shorten a pre-charge period and secure a sufficient reading period. Further, as a



transistor in a reading circuit, in particular, a transistor included in a pre-charge circuit

and placed between the pre-charge circuit and an output signal line, a transistor in which

a material which can reduce off current sufficiently is used in a channel formation

region is used, thereby enabling prevention of incorrect data reading or the like due to

leakage current.

[0011]

An embodiment of the present invention is a semiconductor memory device

comprising a bit line; a word line; a memory cell placed in an intersection portion of the

bit line and the word line; and a reading circuit electrically connected to the bit line.

The memory cell comprises a first transistor and an antifuse. A gate of the first

transistor is electrically connected to the word line, one of a source and a drain of the

first transistor is electrically connected to the bit line, and the other of the source and the

drain of the first transistor is electrically connected to one electrode of the antifuse.

The reading circuit comprises a pre-charge circuit, a clocked inverter, and a switch.

The pre-charge circuit includes a second transistor and a NAND circuit. A gate of the

second transistor is electrically connected to an output terminal of the NAND circuit,

one of a source and a drain of the second transistor is electrically connected to a power

supply line, and the other of the source and the drain of the second transistor is

electrically connected to one terminal of the switch. One input terminal of the NAND

circuit is electrically connected to an address signal line and the other input terminal of

the NAND circuit is electrically connected to a pre-charge signal line. An input

terminal of the clocked inverter is electrically connected to the other of the source and

the drain of the second transistor and one terminal of the switch, and an output terminal

of the clocked inverter is electrically connected to an output signal line. The other

terminal of the switch is electrically connected to the bit line. A channel formation

region of the first transistor and a channel formation region of the second transistor each

include an oxide semiconductor.

[0012]

In the above structure, the bit line is pre-charged by the pre-charge circuit

before performing reading operation of the memory cell.

[0013]

An embodiment of the present invention is a semiconductor memory device



comprising an m bit line ( is an integer of 1 or more), an n word line n is an integer of

1 or more), a m x n) memory cell placed in an intersection portion of the m bit line and

the n word line, and an m reading circuit electrically connected to the m bit line. The

m x n) memory cell comprises a first transistor and an antifuse. A gate of the first

transistor is electrically connected to the word line, one of a source and a drain of the

first transistor is electrically connected to the bit line, and the other of the source and the

drain of the first transistor is electrically connected to one electrode of the antifuse.

The m reading circuit comprises a pre-charge circuit, a switch, and a latch circuit that is

common to the m reading circuit. The pre-charge circuit comprises a second transistor

and a NA D circuit. A gate of the second transistor is electrically connected to an

output terminal of the NAND circuit, one of a source and a drain of the second

transistor is electrically connected to a power supply line, and the other of the source

and the drain of the second transistor is electrically connected to one terminal of the

switch. One input terminal of the NAND circuit is electrically connected to an address

signal line and the other input terminal of the NAND circuit is electrically connected to

a pre-charge signal line. An input terminal of the latch circuit is electrically connected

to the other of the source and the drain of the second transistor and one terminal of the

switch, and an output terminal of the latch circuit is electrically connected to an output

signal line. The other terminal of the switch is electrically connected to the bit line.

A channel formation region of the first transistor and a channel formation region of the

second transistor each include an oxide semiconductor.

[0014]

In the above structure, reading of an n memory cell electrically connected to

the same word line that is included in the n word line is performed at the same time.

In other words, reading operation can be performed in a parallel mode.

[0015]

In the above structure, the m bit line is pre-charged by the pre-charge circuit

included in the m reading circuit before performing reading operation.

[0016]

In any of the above structures, the bit line is pre-charged with a power supply

potential input from the power supply line by the pre-charge circuit.



[0017]

An embodiment of the present invention can be a semiconductor device

including the semiconductor memory device with any of the above structures.

[0018]

Note that in this specification and the like, the term of "electrode" or "wiring"

does not limit the function of components. For example, an "electrode" is sometimes

used as part of a "wiring", and vice versa. Furthermore, the term "electrode" or

"wiring" can include the case where a plurality of "electrodes" or a plurality of

"wirings" is formed in an integrated manner.

[0019]

Further, functions of a "source" and a "drain" are sometimes interchanged with

each other when a transistor of opposite polarity is used or when the direction of current

flow is changed in circuit operation, for example. Therefore, the terms "source" and

"drain" can be used to denote the drain and the source, respectively, in this specification.

[0020]

Note that in this specification and the like, the term "electrically connected"

includes the case where components are connected through an object having any electric

function. Here, there is no particular limitation on an object having any electric

function as long as electric signals can be transmitted and received between components

that are connected to each other through the object. Examples of an "object having

any electric function" are a switching element such as a transistor, a resistor, an inductor,

a capacitor, and an element with a variety of functions as well as an electrode and a

wiring.

[0021]

In addition, in this specification, ordinal numbers such as "first", "second", and

"third" are used in order to avoid confusion among components, and the terms do not

limit the components numerically.

[0022]

According to an embodiment of the present invention, a semiconductor

memory device or a semiconductor device which has high reading accuracy can be

provided. In addition, according to an embodiment of the present invention, a



semiconductor memory device or a semiconductor device can be downsized.

BRIEF DESCRIPTION OF DRAWINGS

[0023]

In the accompanying drawings:

FIG. 1 illustrates a circuit configuration of a memory cell and a reading circuit;

FIG. 2 is a timing chart showing reading operation;

FIG. 3 is a schematic diagram showing change of the potential of a bit line;

FIGS. 4Ato 4C are diagrams of cross-sections of transistors;

FIG. 5 illustrates a circuit configuration of a memory cell array and a reading

circuit;

FIG. 6 is a timing chart showing reading operation in a parallel mode.

FIGS. 7A to 7C are schematic cross-sectional views each illustrating the

structure of part of a memory cell;

FIG. 8 is a schematic cross-sectional view illustrating the structure of part of a

memory cell;

FIG. 9 is a block diagram showing the structure of a semiconductor memory

device;

FIG. 10 is a block diagram showing the structure of a semiconductor device (an

RFID tag);

FIGS. 11A and 11B are schematic views each illustrating a top surface of a

semiconductor device (an RFID tag); and

FIGS. 12A to 12F are schematic views each illustrating a usage example of a

semiconductor device (an RFID tag).

BEST MODE FOR CARRYING OUT THE INVENTION

[0024]

Hereinafter, the embodiments of the present invention will be described with

reference to the accompanying drawings. Note that the present invention is not limited

to the following description, and those skilled in the art can easily understand that

modes and details of the present invention can be changed in various ways without

departing from the purpose and the scope of the invention. Therefore, the present



invention should not be construed as being limited to the following description of the

embodiments.

[0025]

[Embodiment 1]

In this embodiment, a semiconductor memory device including an antifuse will

be described. The semiconductor memory device described in this embodiment also

functions as part of an RFID tag.

[0026]

A main circuit configuration of a semiconductor memory device according to

this embodiment will be described. FIG. 1 illustrates the structures of a memory cell

111 and a reading circuit 151. Note that FIG. 1 illustrates one memory cell 111 and

one reading circuit 151, but the number of memory cells 111 and the number of reading

circuits 151 are each not limited to one. In addition, a writing circuit is not shown in

the semiconductor memory device according to this embodiment, but a writing circuit

or the like may be provided as appropriate.

[0027]

The memory cell 111 is placed in an intersection portion of a bit line 103 and a

word line 105. The bit line 103 intersects the word line 105. The memory cell 111

includes a first transistor 113 and an antifuse 115. In addition, a capacitor 117 is

provided in the memory cell 111 but is not necessarily provided.

[0028]

In the memory cell 111, an oxide semiconductor is used in a channel formation

region of the first transistor 113. A gate of the first transistor 113 is electrically

connected to the word line 105, one of a source and a drain of the first transistor 113 is

electrically connected to the bit line 103, and the other of the source and the drain of the

first transistor 113 is electrically connected to one electrode of the antifuse 115.

[0029]

A ground potential 119 (GND) is applied to the other electrode of the antifuse

115. In the case of providing the capacitor 117 in the memory cell 111, one electrode

of the capacitor 117 is electrically connected to the other of the source and the drain of

the first transistor 113 and one electrode of the antifuse 115. The other electrode of the

capacitor 117 is electrically connected to the other electrode of the antifuse 115 to be



applied with the ground potential 119. The capacitor 117 functions as an assist

capacitor for supplying the antifuse 115 with power for performing writing operation.

[0030]

The reading circuit 151 is placed to be electrically connected to the bit line 103.

The reading circuit 151 includes a pre-charge circuit 152, a clocked inverter 173, and a

switch 181. The switch 181 is placed between the memory cell 111, and the clocked

inverter 173 and the pre-charge circuit 152.

[0031]

The pre-charge circuit 152 includes a second transistor 163 and a NAND

circuit 161. An oxide semiconductor is used in a channel formation region of the

second transistor 163.

[0032]

A gate of the second transistor 163 is electrically connected to an output

terminal of the NAND circuit 161, one of a source and a drain of the second transistor

163 is electrically connected to a first wiring 153, and the other of the source and the

drain of the second transistor 163 is electrically connected to one terminal of the switch

181. One input terminal of the NAND circuit 161 is electrically connected to a second

wiring 155, the other input terminal of the NAND circuit 161 is electrically connected

to a third wiring 157, and the output terminal of the NAND circuit 161 is electrically

connected to the gate of the second transistor 163.

[0033]

A power supply potential (VDD) is input to the first wiring 153. Therefore,

the first wiring 153 has a function of a power supply line. An address signal is input to

the second wiring 155. Therefore, the second wiring 155 has a function of an address

signal line. A pre-charge signal is input to the third wiring 157. Therefore, the third

wiring 157 has a function of a pre-charge signal line.

[0034]

An input terminal of the clocked inverter 173 is electrically connected to one

terminal of the switch 181 and the other of the source and the drain of the second

transistor 163 in the pre-charge circuit 152. An output terminal of the clocked inverter

173 is electrically connected to a fourth wiring 175. Data stored in the memory cell

111, i.e., an output signal having a potential which reflects the resistance state of the



antifuse 115 is input to the fourth wiring 175. Therefore, the fourth wiring has a

function of an output signal line.

[0035]

One terminal of the switch 181 is electrically connected to the input terminal of

the clocked inverter 173 and the other of the source and the drain of the second

transistor 163 in the pre-charge circuit 152. The other terminal of the switch 181 is

electrically connected to the bit line 103. In addition, the other terminal of the switch

181 is electrically connected to one of the source and the drain of the first transistor 113

in the memory cell 111 through the bit line 103.

[0036]

The operation of the circuit illustrated in FIG. 1 will be described with

reference to a timing chart illustrated in FIG. 2. FIG. 2 is a timing chart showing

reading operation of the circuit illustrated in FIG. 1.

[0037]

Operation in the semiconductor memory device is performed in

synchronization with rising or falling of a clock signal (CLK). Note that the clock

signal (CLK) is input to the clocked inverter 173. A memory cell targeted for access is

specified by an address signal (ADDR). FIG. 2 illustrates an example in which access

to a memory cell specified by the address signal (ADDR) = X (X is arbitrary) is

performed. Reading operation is performed on the memory call specified by the

address signal. Reading operation is performed when a read enable signal (RE) is at a

high potential. Writing operation is performed when a write enable signal (WE) is at a

high potential. Writing operation or reading operation can be selectively performed by

switching a writing circuit (not shown in FIG. 1) and the reading circuit 151 by the read

enable signal (RE) and the write enable signal (WE). The timing chart in FIG. 2 shows

only the case where reading operation is performed with the use of the reading circuit

151 when the read enable signal (RE) is set at a high potential and the write enable

signal (WE) is set at a low potential. Before the reading operation, pre-charge

operation is performed when a pre-charge signal (PRE) is at a low potential.

[0038]

In FIG. 2, a period AD is a period in which access to a given memory cell (that

is described as the memory cell 111 here) is performed in order to perform the reading



1

operation. The reading operation is performed by setting the read enable signal (RE)

at a high potential. In addition, in the period AD, the switch 181 is turned on and the

address signal (ADDR) is active (at a high potential).

[0039]

A period AB is a pre-charge period in which pre-charge operation is performed

to charge the bit line 103. In the period AB, the pre-charge signal (PRE) is set at a low

potential and the output terminal of the NAND circuit 161 in the pre-charge circuit 152

of FIG. 1 is set at a high potential, whereby the second transistor 163 is turned on. In

the period AB, since the switch 181 is turned on, the bit line 103 (BL) is charged by the

potential input by the first wiring 153 (VDD). Note that in the period AB, in order to

turn off the first transistor 113, the word line 105 (WL) is set at a low potential.

[0040]

A period BD is a reading period in which an output signal (OUTPUT) having a

potential which reflects data is output to the fourth wiring 175 by performing reading

operation. In the period BD, in order to turn on the first transistor 113, the word line

105 is set at a high potential. The potential of the bit line 103 is discharged in

accordance with the resistance state (resistance value) of the antifuse 115. Therefore,

unless the antifuse 115 is short-circuited (i.e., when the antifuse 115 is in a high

resistance state), the potential of the bit line 103 is kept. On the other hand, when the

antifuse 115 is short-circuited (i.e., when the antifuse 115 is in a low resistance state),

the potential of the bit line 103 is getting lower. As an example of change of the

potential of the bit line 103 (BL), FIG. 2 schematically shows that when the memory

cell 111 holds data "0", the potential of the bit line 103 is kept (dataO), and when the

memory cell 111 holds data "1", the potential of the bit line 103 is getting lower (datal).

[0041]

Note that in a point B, the output terminal of the NAND circuit 161 is set at a

low potential by setting the pre-charge signal at a high potential, and the second

transistor 163 is turned off, whereby the pre-charge operation is stopped.

[0042]

In the period BD, a period BC is needed for determining the potential of the bit

line 103 and a period CD is a period in which an output signal which is output to the

fourth wiring 175 is determined from the potential of the bit line 103. The potential of



the bit line 103 is input to the input terminal of the clocked inverter 173. Then, the

output signal (OUTPUT) having the potential which reflects the resistance state of the

antifuse 115 (the potential of the bit line 103) is output from the output terminal of the

clocked inverter 173 to the fourth wiring 175.

[0043]

An oxide semiconductor is used in a channel formation region of the first

transistor 113 of the memory cell 111 in FIG. 1. By using an oxide semiconductor in

the channel formation region, off current of the first transistor 113 can be sufficiently

reduced. Accordingly, when the pre-charge operation is performed, leakage of the

potential of the bit line 103 through the first transistor 113 can be prevented.

[0044]

Here, a time for reading operation of an RFID is regulated by a standard. It is

necessary that the pre-charge operation be performed within a time which can be used

for reading operation; therefore, there is a possibility that enough time for reading data

actually cannot be obtained if the pre-charge period is prolonged.

[0045]

Thus, according to this embodiment, the first transistor 113 in which an oxide

semiconductor is used in the channel formation region is used. Accordingly, since the

off current of the first transistor 113 is sufficiently small, leakage of the potential of the

bit line 103 through the first transistor 113 can be prevented during the pre-charge

operation. As a result, after the pre-charge period, a sufficient data reading period can

be secured, which can lead to improvement in reading accuracy.

[0046]

In FIG. 2, Tclk indicates one cycle period of the clock signal, Taddr indicates a

period in which access to a targeted memory cell is performed, Tpre indicates a period

in which the pre-charge is performed, and Tdata indicates a period before data is

determined (before the potential of the bit line is determined).

[0047]

For example, times for reading operation used for one bit are as follows based

on IS015693: Tclk is 18.88 , Taddr is 37.76 , Tpre is 9.44 , and Tdata is 28.32 .

In addition, times for reading operation of one bit are as follows based on

NFC-Forum-Type3, which is very short as compared to that based on IS015693: Tclk:



2.36µ , Taddr: 4.72 , Tpre: 1.18 , and Tdata: 4.72 µ .

[0048]

As described above, when there is a time regulation by a standard, the leakage

current can have great influence on the whole of the semiconductor memory device

even though the leakage current is small for individual structures. For example, a time

spent for the pre-charge operation is very short on the basis of NFC-Forum-Type3.

Therefore, leakage of the potential of the bit line during the pre-charge period might

lead to a situation in which pre-charge is not completed within the time limit. In

addition, if the pre-charge period is prolonged, there is a possibility that a sufficient data

reading period cannot be secured.

[0049]

As in this embodiment, with the first transistor 113 having small off current,

leakage of the potential of the bit line can be prevented during the pre-charge period,

which enables shortening of the pre-charge period. As a result, a sufficient data

reading period can be secured and reading accuracy can be improved.

[0050]

Further, in the reading period, the potential of the bit line 103 is discharged in

accordance with the resistance state of the antifuse 115. The potential of the bit line

103 is kept when the antifuse 115 is not short-circuited (in a high resistance state), and

getting lower when the antifuse 115 is short-circuited (in a low resistance state). The

output signal has the potential which reflects the potential of the bit line 103.

[0051]

As in this embodiment, the small off current of the second transistor 163 can

prevent change in the potential of the bit line during reading operation or difficulty in

detecting the potential of the bit line due to leakage current of the second transistor 163

in the reading period. Thus, incorrect data reading caused by leakage current can be

prevented, so that data reading accuracy can be improved.

[0052]

In addition, FIG. 3 schematically shows a state of change in the potential of the

bit line 103 when the semiconductor memory device operates in accordance with the

timing chart shown in FIG. 2. In FIG. 3, (p) shows the case where the antifuse 115 is

short-circuited and resistance is sufficiently lowered (a low resistance state), (q) shows



the case where the antifuse 115 is not short-circuited (a high resistance state), and (r)

shows the state where the antifuse 115 is not completely short-circuited and resistance is

not sufficiently lowered as compared to (p).

[0053]

In the case of (p), the potential of the bit line is rapidly lowered after the point

B, and the potential of the bit line at a point C is equal or nearly equal to the value of

GND. Then, the datal is output in accordance with the potential of the bit line in the

period CD.

[0054]

In the case of (q), the potential of the bit line is hardly lowered even after the

point B, and the potential of the bit line at the point C is nearly equal to the value of

VDD. Then, the dataO is output in accordance with the potential of the bit line in the

period CD.

[0055]

In the case of (r), after the point B, the potential of the bit line is lowered at a

slower rate than the potential of the bit line in case of (p). Therefore, when the point C

is set too close to the point B, there is a possibility that the potential of the bit line

cannot be lowered sufficiently and cannot be output as the datal.

[0056]

However, even in the case of (r), when the reading period which is long enough

can be secured, the point C can be set to a point at which the potential of the bit line is

lowered to a desired value. Then, the datal can be output. Accordingly, as in this

embodiment, when the pre-charge period can be shortened and the reading period after

the pre-charge period can be sufficiently secured, data of a memory cell including an

antifuse which is not completely short-circuited as in the case of (r) can be read, so that

reading accuracy can be improved.

[0057]

In this manner, in the semiconductor memory device according to this

embodiment, a transistor having sufficiently low off current is used as a transistor

included in a memory cell and a transistor in a reading circuit, and leakage current

influencing reading operation including pre-charge operation can be removed as much

as possible, whereby data reading accuracy can be improved.



[0058]

Note that the structure described in this embodiment can be combined as

appropriate with any structure described in the other embodiments in this specification.

[0059]

[Embodiment 2]

In this embodiment, transistors which can be used as the transistor having

sufficiently small off current described in Embodiment 1 will be described.

Cross-sectional schematic views of transistors according to this embodiment are

illustrated in FIGS. 4Ato 4C.

[0060]

A transistor 313 illustrated in FIG 4A includes a pair of conductive layers 305a

and 305b functioning as source and drain electrodes provided over an insulating surface

303, a semiconductor layer 307 provided over the conductive layers 305a and 305b, a

gate insulating layer 309 provided over the semiconductor layer 307, and a gate

electrode 311 provided over the gate insulating layer 309.

[0061]

The transistor 313 illustrated in FIG. 4A is a top-gate transistor in which the

gate electrode 311 is provided above the semiconductor layer 307. Further, the

transistor 313 is a bottom-contact transistor in which the conductive layers 305a and

305b functioning as the source and drain electrodes are provided below the

semiconductor layer 307. Note that the transistor 313 may be a top-contact transistor

in which the conductive layers 305a and 305b are provided over the semiconductor

layer 307.

[0062]

The semiconductor layer 307 can be formed using any of the following oxide

semiconductors: an oxide of four metal elements such as an In-Sn-Ga-Zn-O-based oxide

semiconductor; oxides of three metal elements such as an In-Ga-Zn-O-based oxide

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

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

semiconductor, and a Sn-Al-Zn-O-based oxide semiconductor; oxides of two metal

elements such as an In-Zn-O-based oxide semiconductor, a Sn-Zn-O-based oxide

semiconductor, an Al-Zn-O-based oxide semiconductor, a Zn-Mg-O-based oxide



semiconductor, a Sn-Mg-O-based oxide semiconductor, an In-Mg-O-based oxide

semiconductor, and an In-Ga-O-based oxide semiconductor; an In-O-based oxide

semiconductor; a Sn-O-based oxide semiconductor; and a Zn-O-based oxide

semiconductor. Here, for example, an In-Ga-Zn-O-based oxide semiconductor is an

oxide including at least In, Ga, and Zn, and there is no particular limitation on the

composition ratio thereof. The In-Ga-Zn-O-based oxide semiconductor may contain

an element other than In, Ga, and Zn. Further, SiO may be contained in the above

oxide semiconductor.

[0063]

The semiconductor layer 307 can be formed using an oxide semiconductor

represented by the chemical formula, InM0 3(ZnO) m > 0). Here, M denotes one or

more of metal elements selected from Ga, Al, Mn, and Co. For example, M can be Ga,

Ga and Al, Ga and Mn, Ga and Co, or the like.

[0064]

In the case where an In-Zn-O-based material is used as the oxide

semiconductor, a target used has a composition ratio of In:Zn = 50:1 to 1:2 in an atomic

ratio (In20 3:ZnO = 25:1 to 1:4 in a molar ratio), preferably In:Zn = 20:1 to 1:1 in an

atomic ratio (In 0 3:ZnO = 10:1 to 1:2 in a molar ratio), further preferably In:Zn = 15:1

to 1.5:1 (In20 3:ZnO = 15:2 to 3:4 in a molar ratio). For example, in a target used for

forming an In-Zn-O-based oxide semiconductor which has an atomic ratio of In:Zn:0 =

X:Y:Z, the relation of Z > 1.5X+Y is satisfied.

[0065]

The semiconductor layer 307 is preferably formed by a sputtering method.

For example, with the use of a target of any of the above oxides, the semiconductor

layer 307 can be formed by a sputtering method.

[0066]

Here, when the purity of the target is set to 99.99 % or higher, alkali metal,

hydrogen atoms, hydrogen molecules, water, a hydroxyl group, hydride, or the like

mixed to the semiconductor layer 307 including an oxide semiconductor can be reduced.

In addition, when the target is used, the concentration of alkali metal such as lithium,

sodium, or potassium can be reduced in the semiconductor layer 307 including an oxide



semiconductor.

[0067]

In addition, at the formation of the semiconductor layer 307 including an oxide

semiconductor, the pressure of a treatment chamber in a sputtering apparatus is set to

0.4 Pa or less, whereby mixing of an impurity such as alkali metal or hydrogen to an

object or a surface of the object can be suppressed. Note that hydrogen may be

contained in the object as a hydrogen molecule, water, a hydroxyl group, or hydride in

some cases in addition to a hydrogen atom.

[0068]

Further, with the use of an entrapment vacuum pump (e.g., a cryopump) as an

evacuation system of the chamber of the sputtering apparatus, counter flow of

impurities such as alkali metal, a hydrogen atom, a hydrogen molecule, water, a

hydroxyl group, or hydride from the evacuation system can be reduced. An evacuation

unit may be a turbo pump provided with a cold trap.

[0069]

After the semiconductor layer 307 including an oxide semiconductor is formed,

if necessary, heat treatment may be performed in an atmosphere which hardly contains

hydrogen and moisture (a nitrogen atmosphere, an oxygen atmosphere, a dry-air

atmosphere (for example, as for moisture, a dew point is lower than or equal to -40 °C,

preferably lower than or equal to -60 °C), or the like) at a temperature higher than or

equal to 200 °C and lower than or equal to 450 °C. The heat treatment can be called

dehydration or dehydrogenation, which is for detaching H, OH, or the like from the

semiconductor layer 307 including an oxide semiconductor. In the case where

temperature is raised in an inert atmosphere, and the atmosphere is switched to an

atmosphere containing oxygen during heat treatment, or in the case where an oxygen

atmosphere is employed, the heat treatment can also be called additional oxidation

treatment.

[0070]

In addition, as an oxide semiconductor used for the semiconductor layer 307,

a i-type (intrinsic) oxide semiconductor or a substantially i-type (intrinsic) oxide

semiconductor which is obtained in the following manner can be used: hydrogen, which



is an n-type impurity, is removed from an oxide semiconductor, and the oxide

semiconductor is highly purified so as to contain as few impurities that are not main

components of the oxide semiconductor as possible. In other words, a highly purified

i-type (intrinsic) semiconductor, or a semiconductor close thereto, is obtained not by

adding an impurity but by removing an impurity such as hydrogen or water as much as

possible. Thus, the oxide semiconductor layer included in the transistor 313 can be an

electrically i-type (intrinsic) oxide semiconductor layer which highly purified

[0071]

Note that the number of carriers in the highly purified oxide semiconductor is

very small (close to zero), and the carrier concentration is less than 1 x 10 14 /cm3,

preferably less than 1 x 1012 /cm3, further preferably less than 1 x 1011 /cm3.

[0072]

Since the oxide semiconductor includes extremely few carriers, off current can

be reduced in the transistor. Considering that the transistor 313 is included in the

semiconductor memory device of Embodiment 1, it is preferable that the off current of

the transistor 313 be as small as possible.

[0073]

Note that it has been pointed out that an oxide semiconductor is insensitive to

impurities, there is no problem when a considerable amount of metal impurities is

contained in the film, and therefore, soda-lime glass which contains a large amount of

alkali metal such as sodium and is inexpensive can also be used (Kamiya, Nomura, and

Hosono, "Engineering application of solid state physics: Carrier transport properties and

electronic structures of amorphous oxide semiconductors: the present status", Κ Ο ΊΑΙ

BUTSURI (SOLID STATE PHYSICS), 2009, Vol. 44, pp. 621-633). But such

consideration is not appropriate. Alkali metal is not an element included in an oxide

semiconductor, and therefore, is an impurity. Also, alkaline earth metal is impurity in

the case where alkaline earth metal is not included in an oxide semiconductor. Alkali

metal, in particular, Na becomes Na+ when an insulating film in contact with the oxide

semiconductor film is an oxide and Na diffuses into the insulating layer. In addition,

in the oxide semiconductor film, Na cuts or enters a bond between metal and oxygen

which are included in an oxide semiconductor. As a result, for example, deterioration



of characteristics of the transistor, such as a normally-on state of the transistor due to

shift of a threshold voltage in the negative direction, or reduction in mobility, occurs.

In addition, variation in characteristics also occurs. Such deterioration of

characteristics of the transistor and variation in characteristics due to the impurity

remarkably appear when the hydrogen concentration in the oxide semiconductor film is

very low. Therefore, when the hydrogen concentration in the oxide semiconductor

film is less than or equal to 1 x 10 /cm , preferably less than or equal to 1 x 10 /cm ,

the concentration of the above impurity is preferably reduced. Specifically, a

measurement value of a Na concentration by secondary ion mass spectrometry is
16 3preferably less than or equal to 5x10 /cm , more preferably less than or equal to

lxlO 16 /cm3, still more preferably less than or equal to lxlO 15 /cm3. In a similar

manner, a measurement value of a Li concentration is preferably less than or equal to 5

x 1015 /cm3, more preferably less than or equal to 1 x 1015 /cm3. In a similar manner, a

measurement value of a K concentration is preferably less than or equal to 5 x 1015 /cm3,

more preferably less than or equal to 1 x 1015 /cm3.

[0074]

Specifically, in the transistor including the highly purified oxide semiconductor,

a current value in an off state (off current value) can be lowered to a value less than or

equal to 10 aA µ (1 x 10~17 Α µν ), further less than or equal to 1 aA/µ (1 x 10~1

Α µηι), or still further less than or equal to 10 ζΑ µ (1 x 10~20 Α/µ ) . Further, in the

transistor including the highly purified oxide semiconductor, the current value in an off

state (off current value) can be lowered to a value less than or equal to 100 yA µπι

(lxlO -22 Α/µπ ), preferably less than or equal to 10 yA/µπ (lxlO -23 Α µπ ), more

preferably less than or equal to 1 yA/µτη (1 x 10~24 Α/µη ).

[0075]

In addition, the semiconductor layer 307 including an oxide semiconductor

may be an oxide semiconductor having weak p-type conductivity by doping of the

semiconductor layer 307 including an oxide semiconductor with an impurity imparting

p-type conductivity, such as Sn, so that off current is reduced.

[0076]

When the transistor including the highly purified oxide semiconductor is used



as the first transistor 113 and the second transistor 163 of Embodiment 1, off current can

be extremely small. Accordingly, reading accuracy of the semiconductor memory

device can be further improved.

[0077]

For example, as the insulating surface 303, a structure in which an insulating

layer is provided over a substrate is employed. There is no limitation on the substrate

as long as it has a resistance for manufacturing steps performed later. As examples of

the substrate, an insulating substrate such as a glass substrate, a semiconductor substrate

such as a silicon substrate, a conductive substrate such as a metal substrate, a flexible

substrate such as a plastic substrate, and the like can be given. The insulating layer

serves as a base for preventing dispersion of impurities from the substrate. For

example, the insulating layer serving as a base is formed with a single-layer structure

using any of insulating layers of silicon oxide, silicon oxynitride, silicon nitride,

hafnium oxide, aluminum oxide, tantalum oxide, and the like or a layered structure

including two or more layers selected from these layers. Note that the insulating layer

preferably contains hydrogen or water as little as possible.

[0078]

The conductive layers 305a and 305b are formed using a metal material

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

and the like; an alloy material including any of these metal materials as its component;

or the like. In addition, the conductive layers 305a and 305b can be formed using a

material selected from manganese, magnesium, zirconium, and beryllium. Further, the

conductive layers 305a and 305b can be formed using a material which is obtained in

such a manner that one or a plurality of elements selected from titanium, tantalum,

tungsten, molybdenum, chromium, neodymium, and scandium is added to aluminum.

For example, a Cu-Mg-Al alloy can be used. Note that the conductive layers 305a and

305b can be formed to have a single layer structure or a layered structure including two

or more layers. For example, a layered structure of a layer including a Cu-Mg-Al alloy

and a layer including Cu can be employed.

[0079]

The gate insulating layer 309 is formed with a single-layer structure using any

of insulating layers of silicon oxide, silicon nitride, silicon oxynitride, aluminum oxide,
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aluminum nitride, aluminum oxynitride, hafnium oxide, and the like; or a layered

structure including two or more layers selected from these insulating layers. Note that

the gate insulating layer 309 preferably contains hydrogen or water as little as possible.

[0080]

The gate electrode 311 can be formed with a single-layer structure or a layered

structure including two or more layers using a metal material selected from

molybdenum, titanium, chromium, tantalum, tungsten, aluminum, copper, neodymium,

scandium, and the like; an alloy material including any of these metal materials as its

main component; or a nitride (metal nitride) of any of these metal materials. For

example, a Cu-Mg-Al alloy can be used. For example, a layered structure of a layer

including a Cu-Mg-Al alloy and a layer including Cu can be employed. The gate

electrode 311 is formed to overlap with the semiconductor layer 307 with the gate

insulating layer 309 provided therebetween.

[0081]

A transistor 323 illustrated in FIG. 4B includes the gate electrode 311 provided

over the insulating surface 303, the gate insulating layer 309 provided to cover the gate

electrode 311, the semiconductor layer 307 provided over the gate insulating layer 309,

and the pair of conductive layers 305a and the 305b provided over the semiconductor

layer 307. In addition, a passivation layer 315 is provided to cover the transistor 323.

[0082]

The passivation layer 315 can be formed using a material such as silicon oxide,

silicon oxynitride, silicon nitride, hafnium oxide, aluminum oxide, tantalum oxide, or

the like. Note that whether or not an insulating layer such as a passivation layer is

formed over the transistor 323, the number of layers stacked in the insulating layer, the

thickness of the insulating layer, and the like can be determined appropriately in

accordance with usage of the transistor, or the like.

[0083]

The transistor 323 is a bottom-gate transistor in which the semiconductor layer

307 is provided over the gate electrode 311. In addition, the transistor 323 is a

top-contact transistor in which the conductive layers 305a and the 305b functioning as

source and drain electrodes are provided over the semiconductor layer 307. In addition,

the transistor 323 is a channel-etched transistor in which part of the semiconductor layer



307 between the conductive layer 305a and the conductive layer 305b is etched. Note

that the transistor 323 may be a bottom-contact transistor in which the conductive layers

305a and 305b are provided below the semiconductor layer 307.

[0084]

A transistor 333 illustrated in FIG. 4C includes a channel protective layer 317

provided over the semiconductor layer 307, in addition to the structure of the transistor

323 illustrated in FIG. 4B. The transistor 333 includes the gate electrode 311 provided

over the insulating surface 303, the gate insulating layer 309 provided to cover the gate

electrode 311, the semiconductor layer 307 provided over the gate insulating layer 309,

the channel protective layer 317 which is provided in a region overlapping with the gate

electrode 311 and over the semiconductor layer 307, and the pair of conductive layers

305a and the 305b provided over the semiconductor layer 307. In addition, a

passivation layer 315 is provided to cover the transistor 333.

[0085]

By providing the channel protective layer 317, damage to a region serving as a

channel formation region of the semiconductor layer 307 in a later step (damage due to

plasma, reduction in thickness due to an etchant, or the like in etching) can be prevented

in the transistor 333.

[0086]

Any of the transistor 313, the transistor 323, and the transistor 333 illustrated in

FIGS. 4A to 4C, in which the semiconductor layer 307 including an oxide

semiconductor serves as a channel formation region, can be used as the transistors in the

structure of Embodiment 1. As in this embodiment, by forming the semiconductor

layer 307 with the use of an oxide semiconductor, a transistor having sufficiently small

off current can be provided. This enables improvement in reading accuracy of a

semiconductor memory device or a semiconductor device.

[0087]

Note that the structure described in this embodiment can be combined as

appropriate with any structure described in the other embodiments in this specification.

[0088]

[Embodiment 3]

In this embodiment, a semiconductor memory device including a memory cell



array in which memory cells are arranged in a matrix and a reading circuit will be

described with reference to FIG. 5. Note that the same reference numerals denote the

same parts as in FIG. 1 of Embodiment 1, and a detailed description is omitted.

[0089]

FIG. 5 illustrates structures of a memory cell array 101 and reading circuits 151.

Note that a writing circuit or the like may be provided as appropriate in the

semiconductor memory device according to this embodiment.

[0090]

The memory cell array 101 includes m x n) memory cells MC (x, ) . Each

memory cell MC (x, y) is provided in an intersection portion of a bit line BLx and a

word line WL . Note that m is an integer of 1 or more, n is an integer of 1 or more, x

is an integer more than or equal to 1 and less than or equal to m , and y is an integer

more than or equal to 1 and less than or equal to n .

[0091]

The memory cell MC (x, y ) corresponds to the memory cell 111 in FIG. 1.

The bit line BLx corresponds to the bit line 103 in FIG. 1. The word line WLy

corresponds to the word line 105 in FIG. 1. Here, the memory cell array includes m bit

lines BLx and n word lines WLy.

[0092]

Note that in FIG. 5, an antifuse 115 which is short-circuited (in a low resistance

state) is represented as an antifuse 115p and an antifuse 115 which is not short-circuited

(in a high resistance state) is represented as an antifuse 115q.

[0093]

The reading circuits 151 are provided to be electrically connected to the bit

lines BLx. In FIG. 5, m bit lines BLx are arranged, and the reading circuit 151 is

provided for each of the m bit lines BLx.

[0094]

Note that instead of the clocked inverter 173 in FIG. 1, a latch circuit 191 is

provided for the reading circuits 151 in this embodiment. The latch circuit 191 is

common to all the reading circuits 151.

[0095]

An input terminal of the latch circuit 191 is electrically connected to one



electrode of the switch 181 and the other of the source and the drain of the second

transistor 163 of each of the reading circuits 151, and an output terminal of the latch

circuit 191 is electrically connected to the fourth wiring 175. The other input terminal

of the latch circuit 191 is electrically connected to a fifth wiring 193. A latch signal is

input to the fifth wiring 193. Therefore, the fifth wiring 193 has a function of a latch

signal line. When the latch signal is at a high potential, an output signal is output from

the latch circuit 191 to the fourth wiring 175.

[0096]

The semiconductor memory device according to this embodiment is capable of

reading data in a parallel mode. Data reading in a parallel mode will be described

using FIG. 5 and FIG. 6.

[0097]

In FIG. 6, in a similar manner to description for FIG. 2, operation of the

semiconductor memory device is performed in synchronization with rising or falling of

a clock signal (CLK). A memory cell targeted for access is specified by address

signals ADDR(row) and ADDR(column).

[0098]

The address signals are divided into an address signal ADDR(row) which

specifies a row decoder and an address signal ADDR(column) which specifies a column

decoder. Only one row decoder is specified consistently in accordance with a

combination in the address signal ADDR(row). One or all of the column decoders are

specified in accordance with a combination in the address signal ADDR(column). In

the case where data is read in a serial mode, reading operation is performed by

specifying one column decoder, and in the case where data is read in a parallel mode,

reading operation is performed by specifying all of the column decoders.

[0099]

In FIG. 6, the address signal ADDR(row), which specifies a row decoder,

includes a plurality of signals, and only one row decoder which is to drive is selected in

accordance with a combination of signals. For example, in the case where there are 32

word lines WL (n = 32) and a 5-bit address is obtained, WL[0] is selected by

ADDR(row) = 00000, and WL[31] is selected by ADDR(row) = 11111. Note that



WL[ - l ] corresponds to the word line WL of FIG. 5. In other words, WL[0]

corresponds to the word line WL1 of FIG. 5.

[0100]

In addition, in FIG. 6, the address signal ADDR(column), which specifies a

column decoder, includes a plurality of signals, and one or all of the column decoders

which are to drive are selected in accordance with a combination of signals. For

example, in the case where there are 32 bit lines BL (m = 32) and a 6-bit address is

obtained, BL[0] is selected by ADDR(column) = 000000, BL[31] is selected by

ADDR(column) = 011111, and all of the bits are selected by ADDR(column) =\XXXXX

(each X is arbitrary). Note that BL[ - l ] corresponds to the bit line BL of FIG. 5.

That is, BL[0] corresponds to the bit line BL1 of FIG. 5.

[0101]

In FIG. 6, an example in which memory cells MC(x, 1) in a first row in FIG. 5

are selected and reading operation is performed in a parallel mode is described.

Therefore, ADDR(row) = 00000 and ADDR(column) = XXXX are active (at a high

potential) in the period AD. The reading operation is performed by setting read enable

signal (RE) at a high potential. In addition, the switch 181 is turned on during the

period AD.

[0102]

In the period AB that is a pre-charge period, the pre-charge signal (PRE) is set

at a low potential and the output terminal of the NAND circuit 161 in the pre-charge

circuit 152 of FIG. 5 is set at a high potential. Therefore, the second transistor 163 is

turned on. In the period AB, since the switch 181 is turned on, the bit line BL is

charged by a potential (VDD) input to the first wiring 153. Here, since reading

operation is performed in a parallel mode, m bit lines BLx are charged with VDD by the

respective reading circuits 151. Note that in the period AB, the first transistors 113 of

all of the memory cells MC( , y), which includes the memory cell MC(x, 1) in the first

row, are turned off. Therefore, all of the word lines WLn, which includes the word

line WL1 in the first row, are set at a low potential.

[0103]

In the period BD that is a reading period, reading operation is performed, and



an output signal (OUTPUT) having a potential which reflects data stored in the memory

cell MC(x,l) (a resistance state of the antifuse 115), i.e., the output signal (OUTPUT)

having a potential which reflects the potential of the bit line BLx is output to the fourth

wiring 175. In the period BD, in order to turn on the first transistors 113 of the

memory cells MC(x, 1) in the first row, the word line WL1 (WL[0]) is set at a high

potential. At this time, the potential of the bit line BLx: (each of BL[0] to BL[m-l]) is

discharged in accordance with the resistance state of the antifuse 115.

[0104]

FIG. 5 shows an example in which an antifuse 115p of a memory cell MC(2, 1)

is short-circuited and of an antifuse 115 of the memory cell MC(1, 1) and an antifuse

115q of the memory cell MC(m, 1) are not short-circuited. Therefore, in FIG. 6, the

potential of BL[1] is getting lower and the potentials of BL[0] and BL[m-l] are kept.

[0105]

Note that at the point B, the output terminal of the NAND circuit 161 is set at a

low potential by setting the pre-charge signal at a high potential, and the second

transistor 163 is turned off, whereby pre-charge operation is stopped.

[0106]

After a sufficient time for determining data (a time needed for determining the

potential of the bit line BLx) passes, the latch signal (LAT) is set at a high potential.

Here, the latch signal is set at a high potential at the point C, and the period BC is

needed for determining data. At the point C (a timing in which the latch signal rises),

the potential of the bit line BLx is determined and the output signal to the fourth wiring

175 is determined. All of the potentials of the bit lines BLx are input to the input

terminal of the latch circuit 191. Then, the output signal (OUTPUT) having a potential

which reflects the resistance states of the antifuses 115 in the first row (a potential

which reflects the potentials of the bit lines BLx) is output from the output terminal of

the latch circuit 191 to the fourth wiring 175.

[0107]

In the first transistor 113 in the memory cell MC(x, y) of FIG. 5, an oxide

semiconductor is used in a channel formation region. An oxide semiconductor is used

in the channel formation region, so that off current of the first transistor 113 is
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sufficiently reduced, whereby leakage from the short-circuited antifuse 115p in a row

which is not selected in the reading period (the word line WLy) can be prevented. As a

result, reduction of the potential of the bit line caused by a row which is not selected

hardly occurs, and the potential of the bit line can be kept for a comparatively long

period. Thus, reading in a parallel mode is possible.

[0108]

Further, in a similar manner to Embodiment 1, leakage of the potential of the

bit line B L can be prevented when pre-charge operation is performed. Therefore, the

pre-charge period can be shortened and the sufficient reading period can be secured,

which can lead to improvement in reading accuracy.

[0109]

In addition, since a transistor having sufficiently small off current is also used

as the second transistor 163, change in the potential of the bit line during reading

operation or difficulty in detecting the potential of the bit line due to leakage current of

the second transistor 163 in the reading period can be prevented. Thus, incorrect data

reading caused by leakage current can be prevented, so that accuracy of data reading

can be improved.

[0110]

In this manner, in the semiconductor memory device according to this

embodiment, a transistor having sufficiently low off current is used as a transistor

included in a memory cell and a transistor in a reading circuit, and leakage current

influencing reading operation including pre-charge operation can be removed as much

as possible, whereby data reading with high accuracy can be performed in a parallel

mode.

[0111]

Note that the structure described in this embodiment can be combined as

appropriate with any structure described in the other embodiments in this specification.

[0112]

[Embodiment 4]

According to this embodiment, high integration and downsizing of a

semiconductor memory device are possible by using any of the structures of

Embodiments 1 to 3.
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[0113]

There is a problem in that resistance fails to lower to a desired value and data

cannot be read with accuracy in a state where an antifuse is not completely

short-circuited. Therefore, it is known that a failure in reduction of the resistance of an

antifuse to a desired value after short-circuiting is prevented and writing defects are

prevented by connecting a capacitor called an "assist capacitor" in parallel to an antifuse

to supply power for writing.

[0114]

However, when an assist capacitor is provided, the area of a memory cell is

increased by the area of the assist capacitor. Accordingly, the provision of an assist

capacitor, which leads to, for example, increase of the area occupied by memory cell in

the semiconductor memory device or increase of the size of the semiconductor memory

device itself, prevents high integration or downsizing of a semiconductor memory

device.

[0115]

As described in Embodiments 1 to 3, in the semiconductor memory device

according to this embodiment, transistors with sufficiently small off current are used as

a transistor included in a memory cell (the first transistor 113) and a transistor in a

reading circuit (the second transistor 163). As a result, leakage current influencing

reading operation including pre-charge operation can be removed as much as possible,

and therefore, a sufficient reading period can be secured.

[0116]

Here, as described using (r) of FIG. 3, in the semiconductor memory device

according to the embodiment, when a sufficiently long reading period is secured, data

can be read even in a state where the antifuse is not completely short-circuited.

Accordingly, the assist capacitor can be downsized or omitted, whereby reduction in the

area of a memory cell and downsizing of the semiconductor memory device can be

achieved.

[0117]

The capacitor 117 in any of Embodiments 1 to 3 corresponds to an assist

capacitor. Therefore, the capacitor 117 can be downsized or omitted.

[0118]



In addition, as in Embodiment 3, the potentials of the m bit lines BL can be

read at one time by reading data in a parallel mode. Therefore, a reading period for

one memory cell can be prolonged as compared to the case where data is read in a serial

mode. As a result, the assist capacitor can be largely downsized or omitted completely.

In addition, reading can be performed in a wider range of resistance values in the case

where the antifuse is not completely short-circuited, whereby data reading accuracy can

be improved.

[0119]

Note that the structure described in this embodiment can be combined as

appropriate with any structure described in the other embodiments in this specification.

[0120]

[Embodiment 5]

In this embodiment, the structure of the memory cell described in any of

Embodiments 1 to 4 will be described.

[0121]

FIGS. 7A to 7C illustrate examples of a schematic cross-sectional view of part

of a memory cell according to this embodiment.

[0122]

In a memory cell illustrated in FIG. 7A, an antifuse 830 and a transistor 850 are

provided. Here, the transistor 850 is provided above the antifuse 830.

[0123]

The antifuse 830 includes a first conductive layer 833a provided over a

substrate 801 with a first insulating layer 803 and a second insulating layer 805

provided therebetween, a resistance material layer 835 provided over the first

conductive layer 833a, and a second conductive layer 837a provided over the resistance

material layer 835. A third insulating layer 807 is provided over the first conductive

layer 833a and the second insulating layer 805. The resistance material layer 835 is

provided in an opening portion provided in the third insulating layer 807 and in contact

with the first conductive layer 833a. The first conductive layer 833a, the second

conductive layer 837a, and the resistance material layer 835 which is provided between

the first conductive layer 833a and the second conductive layer 837a form the antifuse



[0124]

The first conductive layer 833a functions as one electrode of the antifuse 830.

The resistance material layer 835 is formed using a material whose resistance state is

changed (from a high resistance state to a low resistance state) by applying voltage to

the antifuse 830. Specifically, the resistance material layer 835 is formed using a

semiconductor layer (e.g., an amorphous silicon layer) or formed with a layered

structure including a semiconductor layer and an insulating layer (e.g., a silicon oxide

layer). The second conductive layer 837a functions as the other electrode of the

antifuse 830.

[0125]

The transistor 850 includes the second conductive layer 837a and a second

conductive layer 837b provided over the third insulating layer 807, an oxide

semiconductor layer 853a provided over the second conductive layer 837a and the

second conductive layer 837b, and a third conductive layer 855a provided over the

oxide semiconductor layer 853a with a fourth insulating layer 809 provided

therebetween.

[0126]

The third conductive layer 855a functions as a gate electrode. The second

conductive layer 837a and the second conductive layer 837b function as a source

electrode and a drain electrode. Note that the second conductive layer 837a functions

as one of a source electrode and a drain electrode of the transistor 850, and the other

electrode of the antifuse 830. The transistor 850 and the antifuse 830 are electrically

connected to each other through the second conductive layer 837a. Note that the

conductive layer functioning as the source electrode or the drain electrode of the

transistor 850, and the electrode included in the antifuse 830 are not necessarily

provided in the same layer as long as the conductive layer and the electrode are

electrically connected to each other.

[0127]

The structure of the transistor described in Embodiment 2 may be employed for

the transistor 850. Here, the structure of the transistor 850 corresponds to that of the

transistor 313 of FIG. 4A. The second conductive layer 837a and the second

conductive layer 837b correspond to the conductive layer 305a and the conductive layer



semiconductor layer 307 of FIG. 4A. The fourth insulating layer 809 corresponds to

the gate insulating layer 309 of FIG. 4A. The third conductive layer 855a corresponds

to the gate electrode 311 of FIGS. 4A.

[0128]

In addition, a fifth insulating layer 811 is provided over the antifuse 830 and

the transistor 850. A fourth conductive layer 857a is provided over the fifth insulating

layer 811. The fourth conductive layer 857a is provided in an opening portion

provided in the fifth insulating layer 811 and in contact with the third conductive layer

855a. The fourth conductive layer 857a functions as a lead wiring (a gate lead wiring)

of the third conductive layer 855a functioning as a gate electrode.

[0129]

There is no limitation on the substrate 801 as long as it has resistance for

manufacturing steps performed later, and a glass substrate or the like may be used.

[0130]

The first insulating layer 803 and the second insulating layer 805 serve as bases

for preventing diffusion of an impurity from the substrate 801. The third insulating

layer 807 and the fifth insulating layer 811 function as interlay er insulating layers. The

fourth insulating layer 809 functions as a gate insulating layer.

[0131]

Each of the first insulating layer 803 to the fifth insulating layer 811 is formed

with a single-layer structure using any of insulating layers of silicon oxide, silicon

oxynitride, silicon nitride, hafnium oxide, aluminum oxide, tantalum oxide, and the like;

or a layered structure including two or more layers selected from these insulating layers.

In addition, each of the insulating layers functioning as interlayer insulating layers can

also be formed using a resin material such as polyimide or acrylic. Note that

insulating layers which contain hydrogen or water as little as possible are preferably

used as the first insulating layer 803 to the fifth insulating layer 811.

[0132]

A memory cell illustrated in FIG. 7B includes a capacitor 870 in addition to the

structure illustrated in FIG. 7A. The capacitor 870 corresponds to an assist capacitor.

Here, the transistor 850 and the capacitor 870 are provided above the antifuse 830.



[0133]

The capacitor 870 includes the second conductive layer 837a, an oxide

semiconductor layer 853b provided over the second conductive layer 837a, and a third

conductive layer 855b over the oxide semiconductor layer 853b with the fourth

insulating layer 809 provided therebetween. The second conductive layer 837a

functions as one electrode of the capacitor 870. The third conductive layer 855b

functions as the other electrode of the capacitor 870. The fourth insulating layer 809

provided between the second conductive layer 837a and the third conductive layer 855b

functions as a dielectric layer.

[0134]

In the capacitor 870, for example, the oxide semiconductor layer 853b is

formed by processing the same layer as the oxide semiconductor layer 853a of the

transistor 850, and the third conductive layer 855b is formed by processing the same

layer as the third conductive layer 855a of the transistor 850. A process can be

simplified by processing the same layer; however, this embodiment is not limited

thereto and the layers may be formed using layers including different materials.

[0135]

In addition, the second conductive layer 837a included in the capacitor 870 also

functions as one of the source electrode and the drain electrode of the transistor 850 and

one electrode of the antifuse 830. The transistor 850, the antifuse 830, and the

capacitor 870 are electrically connected to each other through the second conductive

layer 837a. Note that the second conductive layer 837a is not necessarily formed using

a common layer to the transistor 850, the antifuse 830, and the capacitor 870 as long as

the transistor 850, the antifuse 830, and the capacitor 870 are electrically connected to

each other.

[0136]

In addition, a fourth conductive layer 857b is provided in an opening portion

provided in the fifth insulating layer 811. The fourth conductive layer 857b is in

contact with the third conductive layer 855b. The fourth conductive layer 857b

functions as a lead wiring (a capacitor lead wiring) of the third conductive layer 855b

functioning as the other electrode of the capacitor 870.

[0137]



A structure of FIG. 7C includes the capacitor 870 in addition to the structure of

FIG. 7A. Further, the antifuse 830 is provided above the capacitor 870 and the

transistor 850 is provided over the antifuse 830 in FIG. 7C.

[0138]

The capacitor 870 includes a fifth conductive layer 872a, and a first conductive

layer 833 provided over the fifth conductive layer 872a with the second insulating layer

805 provided therebetween. The fifth conductive layer 872a functions as one electrode

of the capacitor 870. The first conductive layer 833 functions as the other electrode of

the capacitor 870. The second insulating layer 805 provided between the fifth

conductive layer 872a and the first conductive layer 833 functions as a dielectric layer.

[0139]

The first conductive layer 833 included in the capacitor 870 also functions one

electrode of the antifuse 830. In addition, the second conductive layer 837a is

electrically connected to the fifth conductive layer 872a included in the capacitor 870,

through an opening portion provided in the third insulating layer 807. The transistor

850, the antifuse 830, and the capacitor 870 are electrically connected to each other

through the second conductive layer 837a.

[0140]

In the memory cells illustrated in FIGS. 7A to 7C, when a transistor in which

an oxide semiconductor layer is used in a channel formation region is used as the

transistor electrically connected to the antifuse, leakage current can be prevented and

reading accuracy for data stored in the memory cell can be increased.

[0141]

In addition, when the transistor has the above structure, a long data reading

period can be secured. Therefore, even when the antifuse is not completely

short-circuited and resistance fails to lower sufficiently, a state in which the antifuse is

short-circuited is obtained so that data can be read. Therefore, the capacitor

functioning as an assist capacitor for supplying power in writing can be downsized or

omitted. Consequently, the area of the memory cell can be reduced and downsizing of

the semiconductor memory device can be achieved.

[0142]

FIG. 8 shows an example of a schematic cross-sectional view illustrating part



of the memory cell according to this embodiment and part of another circuit. FIG. 8

illustrates the antifuse 830, the transistor 850, and the capacitor 870 which are included

in the memory cell, and a transistor 890 included in another circuit. Here, the antifuse

830 and the transistor 850 are provided above the capacitor 870 and the transistor 890.

[0143]

Unlike the transistor 850, the transistor 890 is formed using a semiconductor

such as silicon as a channel formation region. The transistor 890 includes a

semiconductor layer 891, a first conductive layer 833b over the semiconductor layer

891 with the second insulating layer 805 provided therebetween, and a second

conductive layer 837c and a second conductive layer 837d which are electrically

connected to the semiconductor layer 891.

[0144]

The semiconductor layer 891 includes a pair of impurity regions 872b and 872c,

and a channel formation region 893 placed between the impurity regions 872b and 872c.

The pair of impurity regions 872b and 872c function as source and drain regions. Note

that a light doped drain (LDD) region, an offset region, or the like may be provided in

the semiconductor layer 891 as appropriate.

[0145]

The second conductive layer 837c and the second conductive layer 837d

function as source and drain electrodes. One of the second conductive layer 837c and

the second conductive layer 837d is electrically connected to one of the impurity

regions 872b and 872c. The other of the second conductive layer 837c and the second

conductive layer 837d is electrically connected to the other of the impurity regions 872b

and 872c.

[0146]

The first conductive layer 833b functions as a gate electrode. The second

insulating layer 805 functions as a gate insulating layer. In addition, the second

insulating layer 805 functions as a dielectric layer in the capacitor 870.

[0147]

The semiconductor layer 891 in the transistor 890 is formed by processing the

same layer as the fifth conductive layer 872a of the capacitor 870. Note that an

impurity element imparting one conductivity type is added to each of the fifth



conductive layer 872a and the impurity regions 872b and 872c. The first conductive

layer 833b is formed by processing the same layer as the first conductive layer 833a of

the antifuse 830. The second conductive layer 837c and the second conductive layer

837d are formed by processing the same layer as the second conductive layer 837a of

the anti-fuse 830 and the transistor 850 and the second conductive layer 837b of the

transistor 850. A process can be simplified by processing the same layer; however,

this embodiment is not limited thereto and layers including different materials may be

employed.

[0148]

In this embodiment, a transistor in which an oxide semiconductor layer is used

in a channel formation region is used as the transistor 850 electrically connected to the

antifuse 830 in the memory cell. In another circuit, a transistor in which a

semiconductor layer of silicon or the like is used in a channel formation region can be

used appropriately.

[0149]

Note that the structure described in this embodiment can be combined as

appropriate with any structure described in the other embodiments in this specification.

[0150]

[Embodiment 6]

In this embodiment, a specific structure of the semiconductor memory device

according to any of the above embodiments will be described.

[0151]

FIG. 9 is a block diagram illustrating an example of the structure of a memory

portion in the semiconductor memory device. Note that in the block diagram in FIG. 9,

circuits in the semiconductor memory device are classified in accordance with their

functions and separated blocks are illustrated. However, it is difficult to classify actual

circuits in accordance with their functions completely and, in some cases, one circuit

has a plurality of functions.

[0152]

A memory portion 3000 illustrated in FIG. 9 includes a memory cell array 3001,

a column decoder 3002, a row decoder 3003, an address selector 3004, a selector 3005,

a reading circuit/writing circuit 3006, and a boosting circuit 3007. Here, the memory



cell array 3001 includes a plurality of memory cells arranged in a matrix.

[0153]

The memory cells each correspond to the memory cell 111 in FIG. 1 or the

memory cell MC(x, ) in FIG. 5. In addition, the memory cell is placed in an

intersection portion of a bit line (the bit line 103 in FIG. 1 or the bit line B x in FIG. 5)

and a word line (the word line 105 in FIG. 1 or the word line WLy in FIG. 5).

[0154]

Next, the operation of the memory portion 3000 is described. A read enable

signal (RE), a write enable signal (WE), an address signal (ADDR), a pre-charge signal

(PRE), and a boosting clock signal (CP CLK) are input, as operation signals, to the

memory portion 3000. A boosting input voltage (Vin) is input as power supply voltage.

Note that although not shown particularly, power supply voltage necessary for driving

the circuit, such as VDD or GND, is also input as operating power supply voltage.

[0155]

The read enable signal (RE) and the write enable signal (WE) are input to the

selector 3005 to determine the operation of the memory portion 3000. For example, in

the case where the RE signal is active and the WE signal is non-active, reading

operation is performed. Alternatively, in the case where the WE signal is active and

the RE signal is non-active, writing operation is performed. In the case where the WE

signal and the RE signal are both non-active, the memory is in a standby state.

[0156]

In the case where writing operation is performed, the boosting circuit 3007 may

be operated only when a boosting enable signal (CPE) is input. Thus, increase in

current consumption due to unnecessary boosting can be suppressed. In addition, in

the case where writing operation or reading operation is performed, when a control

signal (cont) is input to the address selector 3004, a malfunction caused by driving a

decoder (the column decoder 3002 or the row decoder 3003) in a standby state can be

prevented.

[0157]

The address signal (ADDR) is divided through the address selector 3004 and

input to the column decoder 3002 and the row decoder 3003. The column decoder

3002 includes a plurality of decoders, and one or all of the decoders are driven in



accordance with a combination of values of the address signal (ADDR). The row

decoder 3003 includes a plurality of decoders, and one decoder is driven in accordance

with a combination of values of the address signal (ADDR). Then, from the memory

cell array 3001, a memory cell performing writing operation or reading operation is

selected in accordance with a combination of decoders driven in the column decoder

3002 and the row decoder 3003.

[0158]

Note that as described above, in a state where neither writing operation nor

reading operation are performed (in a standby state), a signal entering the decoder (the

column decoder 3002 or the row decoder 3003) is made non-active by the control signal

(cont) input from the selector 3005 to the address selector 3004 so that the decoder is

not selected.

[0159]

In addition, when pre-charge operation is performed, the address signal input to

the row decoder 3003 and the pre-charge signal (PRE) are ANDed so that the potential

input to the word line is not high. In that case, during pre-charge operation, i.e., when

the pre-charge signal (PRE) is set at a low potential, all of the address signals entering

the row decoder 3003 are set at a low potential; therefore, potentials input to word lines

in all of the columns are not high.

[0160]

The reading circuit/writing circuit 3006 which is electrically connected to the

column decoder 3002 drives either a reading circuit or a writing circuit by a selection

signal (select) input from the selector 3005. The selection signal drives the writing

circuit when writing operation is performed and drives the reading circuit when reading

operation is performed.

[0161]

The writing circuit includes a level shifter and a buffer. The signal selected

by the column decoder 3002 is amplified to a writing voltage by the level shifter and

input to a bit line through the buffer. Whether or not an antifuse in the memory cell is

short-circuited is determined by the voltage input to the bit line and writing is

performed.

[0162]



The reading circuit has the structure described in any of Embodiments 1 to 3.

Before the reading operation, the bit line is pre-charged by the pre-charge signal (PRE).

Then, data "0" or data "1" is read from the potential of the bit line of the accessed

memory cell and the read data is output as an output signal (OUTPUT).

[0163]

The boosting circuit 3007 is operated by the cp clk signal which is an input

signal from the outside when the CPE signal input from the selector 3005 is active and

amplifies the power supply voltage (Vin) which is input from the outside so that it is

input to the selector 3005 as Vout. When the memory portion 3000 performs writing

operation, Vout input to the selector 3005 becomes a power supply voltage (Vcoldec) of

the reading circuit/writing circuit 3006 and a power supply voltage (Vrowdec) of the

row decoder 3003. The writing circuit applies voltage which is sufficient for

short-circuiting the antifuse of the selected memory cell to the selected bit line with the

use of the level shifter. As the structure of the boosting circuit 3007, a known structure

can be used.

[0164]

When the structure of the memory portion 3000 includes the memory cell and

the reading circuit which are described in any of Embodiments 1 to 3, reading accuracy

in the memory portion 3000 can be improved. In addition, as described in

Embodiment 4, the area of an assist capacitor can be reduced or an assist capacitor can

be omitted; therefore, an area occupied by the memory cell array 3001 can be reduced in

the memory portion 3000. Accordingly, high integration and downsizing of the

semiconductor memory device are possible. Note that the effect becomes more

advantageous as the number of memory cells included in the memory cell array 3001 is

larger, in other words, the number of the memory bits is larger.

[0165]

Note that the structure described in this embodiment can be combined as

appropriate with any structure described in the other embodiments in this specification.

[0166]

[Embodiment 7]

In this embodiment, a semiconductor device on which a semiconductor

memory device is mounted will be described.



[0167]

A semiconductor device according to this embodiment includes a memory

portion therein, and stores information which is necessary for the memory portion.

Then, information is exchanged with the outside by using contactless means (e.g.,

wireless communication). Such a semiconductor device is also referred to as an RFID

tag and can be used for an individual authentication system by which individual

information of articles or the like is stored in the semiconductor device, and the

information is read to identify the articles.

[0168]

FIG. 10 is a block diagram illustrating an example of the structure of a

semiconductor device according to this embodiment. As illustrated in FIG. 10, a

semiconductor device 900 includes a RF circuit 901, a clock generation circuit 902, a

logic circuit 903, and an antenna portion 918. The antenna portion 918 includes an

antenna 917.

[0169]

Note that, although not shown in FIG. 10, the semiconductor device 900

transmits and receives a wireless signal to and from an external circuit such as a

communication device (e.g., a wireless communication device such as a reader) via the

antenna 917. Data transmission methods are roughly classified into the following

three methods: an electromagnetic coupling method in which a pair of coils is provided

so as to face each other and communicates with each other by mutual induction, an

electromagnetic induction method in which communication is performed using an

induction field, and a radio wave method in which communication is performed using a

radio wave. Any of the methods can be used in this embodiment.

[0170]

The RF circuit 901 includes a power supply circuit 904, a demodulation circuit

905, and a modulation circuit 906. The clock generation circuit 902 includes a divider

circuit 907, a counter circuit 909, and a reference clock generation circuit 919. The

logic circuit 903 has a function of performing arithmetic processing, and includes a

controller 913, a CPU (also referred to as a central processing unit) 910, a ROM 911,

that is a read only memory, and a RAM 912 that is a random access memory.

[0171]



In addition, the controller 913 includes a CPU interface 914, an RF interface

915, and a memory controller 916.

[0172]

Further, in the RF circuit 901, the power supply circuit 904 includes a rectifier

circuit and a storage capacitor, and has a function of generating power supply voltage

from a received signal and supplying the power supply voltage to other circuits. The

demodulation circuit 905 includes a rectifier circuit and an LPF (low-pass filter) and has

a function of extracting a command or data from communication signals. The

modulation circuit 906 has a function of modulating transmission data, and modulated

data is transmitted as a transmission signal from the antenna 917.

[0173]

Next, operation of the semiconductor device of this embodiment will be

described.

[0174]

First, a signal transmitted from an external communication device is received

by the semiconductor device 900. The received signal which is input to the

semiconductor device 900 is demodulated by the demodulation circuit 905 and then

input to the RF interface 915 in the controller 913. The received signal input to the RF

interface 915 is arithmetically processed in the CPU 910 through the CPU interface 914.

In addition, with the received signal which is input to the RF interface 915, access to the

ROM 911 and the RAM 912 is performed through the memory controller 916.

[0175]

After arithmetic processing by the CPU 910 and input and output of data in the

ROM 911 and/or the RAM 912, transmission data is generated. The transmission data

is modulated as a signal by the modulation circuit 906 and transmitted from the antenna

917 to the external communication device.

[0176]

The semiconductor memory device described in any of the above embodiments

can be mounted as the ROM 911, the RAM 912, or another memory portion of the

semiconductor device according to this embodiment. By mounting the semiconductor

memory device according to any of the above embodiments on the semiconductor

device according to this embodiment, the semiconductor device can be downsized.



Therefore, when the semiconductor device is used as an RFID tag or the like, the range

of uses can be expanded and the design of the semiconductor device can be improved.

[0177]

The semiconductor device according to this embodiment will be described

using schematic top views.

[0178]

A semiconductor device illustrated in FIG. 11A includes a substrate 400, an

element portion 401 which is provided for the substrate 400, and an antenna 402 which

is electrically connected to the element portion 401. In addition, FIG. 11B illustrates

an example in which an antenna 402 which has a different structure from that of FIG.

11A is included. Here, the antenna 402 corresponds to the antenna 917 of FIG. 10, and

the element portion 401 corresponds to structures except the antenna portion 918 (i.e.,

the RF circuit 901, the clock generation circuit 902, and the logic circuit 903) of FIG.

10.

[0179]

The semiconductor memory device described in any of the above embodiments

is used for such semiconductor devices described in FIGS. 11A and 11B, whereby the

area of the element portion 401 can be reduced. Therefore, the semiconductor device

itself can be downsized.

[0180]

Next, usage examples of the semiconductor device (RFID tag) according to this

embodiment, on which the semiconductor memory device is mounted are described

using FIGS. 12A to 12F. A semiconductor device 600 illustrated in FIGS. 12A to 12F

corresponds to the semiconductor device in any of FIG. 10 and FIGS. 11A and 11B.

[0181]

The semiconductor device according to this embodiment can be used in a wide

variety of applications. For example, the semiconductor device 600 according to this

embodiment can be used for the following: bills; coins; securities; bearer bonds;

certificates (e.g., driver's licenses or resident cards, see FIG. 12A); recording media (e.g.,

DVD software or video tapes, see FIG. 12B); containers for wrapping objects (e.g.,

wrapping paper or bottles, see FIG. 12C); vehicles (e.g., bicycles, see FIG 12D);

belongings (e.g., bags or glasses, see FIG. 12E); foods; plants; animals; human bodies;



1

clothes; commodities; electronic devices (liquid crystal display devices, EL display

devices, television sets, or mobile phones); labels attaching to these articles (see FIG.

12F); or the like.

[0182]

The semiconductor device 600 can be fixed to an article, for example, by being

mounted on the article, attached to a surface of the article, embedded in the article, or

the like. For example, the semiconductor device 600 can be fixed to a book that is an

article by being embedded in paper. In addition, in the case where the semiconductor

device 600 is fixed as a package formed from an organic resin to the article, the

semiconductor device 600 can be fixed by being embedded in the organic resin.

[0183]

Since the semiconductor device 600 according to this embodiment can be

downsized, the design of the article itself is not impaired when the semiconductor

device 600 is fixed to the article. In addition, when the semiconductor device 600 is

provided for bills, coins, securities, bearer bonds, certificates, or the like, an

authentication function can be provided, and forgery of bills or the like can be prevented

by utilizing the authentication function. Further, when the semiconductor device 600

is attached to containers for wrapping objects, recording media, personal belongings,

foods, clothes, commodities, electronic devices, or the like, a system such as an

inspection system can be efficiently used. Furthermore, when the semiconductor

device 600 is attached to the vehicles, the vehicles can have higher security against theft

or the like.

[0184]

As described above, the semiconductor device on which the semiconductor

memory device is mounted, according to this embodiment, can be used for a wide

variety of uses. The semiconductor device according to this embodiment can perform

data reading with high accuracy, which can lead to improvement of reliability of

authentication characteristics, security, or the like of an article.

[0185]

Note that the structure described in this embodiment can be combined as

appropriate with any structure described in the other embodiments in this specification.



This application is based on Japanese Patent Application serial no.

2010-089968 filed with Japan Patent Office on April 9, 2010, the entire contents of

which are hereby incorporated by reference.



CLAIMS

1. A semiconductor memory device comprising:

a memory cell including a first transistor and a memory element;

a pre-charge circuit including a second transistor;

a clocked inverter; and

a switch,

wherein a gate of the first transistor is electrically connected to a first line, one

of a source and a drain of the first transistor is electrically connected to a second line,

and the other of the source and the drain of the first transistor is electrically connected to

one electrode of the memory element,

wherein one of a source and a drain of the second transistor is electrically

connected to a third line, and the other of the source and the drain of the second

transistor is electrically connected to one terminal of the switch and an input terminal of

the clocked inverter,

wherein an output terminal of the clocked inverter is electrically connected to

an output signal line,

wherein the other terminal of the switch is electrically connected to the first

line, and

wherein a channel formation region of the first transistor and a channel

formation region of the second transistor each include an oxide semiconductor.

2. The semiconductor memory device according to claim 1,

wherein the pre-charge circuit further includes a NAND circuit,

wherein a gate of the second transistor is electrically connected to an output

terminal of the NAND circuit,

wherein one input terminal of the NAND circuit is electrically connected to an

address signal line, and

wherein the other input terminal of the NAND circuit is electrically connected

to a pre-charge signal line.



3. The semiconductor memory device according to claim 1,

wherein the memory cell further includes a capacitor,

wherein the other of the source and the drain of the first transistor is electrically

connected to one electrode of the capacitor.

4. The semiconductor memory device according to claim 1, wherein the second

line is pre-charged by the pre-charge circuit before performing reading operation of the

memory cell.

5. The semiconductor memory device according to claim 1,

wherein an off current value of the first transistor is lower than or equal to 10

6. The semiconductor memory device according to any one of claims 1,

wherein the third line is a power supply line, and the second line is pre-charged with a

power supply potential inputted from the power supply line by the pre-charge circuit.

7. A semiconductor device comprising the semiconductor memory device

according to claim 1.

8. A semiconductor memory device comprising:

m first lines (m is an integer of 1 or more);

n second lines (n is an integer of 1 or more);

(m x n) memory cells, each one of the (m x n) memory cells includes a first

transistor and a memory element;

m reading circuits, each one of m reading circuits is electrically connected to a

corresponding one of the m first lines, each one of the m reading circuits including:

a pre-charge circuit including a second transistor; and

a switch, and

a latch circuit electrically connected to the m reading circuits,

wherein a gate of the first transistor is electrically connected to a corresponding



one of the n second lines, one of a source and a drain of the first transistor is electrically

connected to a corresponding one of the m first lines, and the other of the source and the

drain of the first transistor is electrically connected to one electrode of the memory

element,

wherein one of a source and a drain of the second transistor is electrically

connected to a third line, and the other of the source and the drain of the second

transistor is electrically connected to one terminal of the switch and an input terminal of

the latch circuit,

wherein an output terminal of the latch circuit is electrically connected to an

output signal line,

wherein the other terminal of the switch is electrically connected to the one of

the source and the drain of the first transistor, and

wherein a channel formation region of the first transistor and a channel

formation region of the second transistor each include an oxide semiconductor.

9. The semiconductor memory device according to claim 8,

wherein the pre-charge circuit further includes a NAND circuit,

wherein a gate of the second transistor is electrically connected to an output

terminal of the NAND circuit,

wherein one input terminal of the NAND circuit is electrically connected to an

address signal line, and

wherein the other input terminal of the NAND circuit is electrically connected

to a pre-charge signal line.

10. The semiconductor memory device according to claim 8,

wherein the each one of the (m x n ) memory cells further includes a capacitor,

wherein the other of the source and the drain of the first transistor is electrically

connected to one electrode of the capacitor.

11. The semiconductor memory device according to claim 8,

wherein an off current value of the first transistor is lower than or equal to 10



12. The semiconductor memory device according to claim 8, wherein reading

of memory cells electrically connected to the same first line is performed at the same

time.

13. The semiconductor memory device according to claim 12, wherein the m

first lines are pre-charged by the pre-charge circuit included in the m reading circuits

before performing reading operation.

14. The semiconductor memory device according to any one of claims 8,

wherein the third line is a power supply line, and corresponding one of the m first lines

is pre-charged with a power supply potential inputted from the power supply line by the

pre-charge circuit.

15. A semiconductor device comprising the semiconductor memory device

according to claim 8.

16. A semiconductor memory device comprising:

a memory cell including a first transistor and an antifuse;

a pre-charge circuit including a second transistor;

a clocked inverter; and

a switch,

wherein a gate of the first transistor is electrically connected to a first line, one

of a source and a drain of the first transistor is electrically connected to a second line,

and the other of the source and the drain of the first transistor is electrically connected to

one electrode of the antifuse,

wherein one of a source and a drain of the second transistor is electrically

connected to a third line, and the other of the source and the drain of the second

transistor is electrically connected to one terminal of the switch and an input terminal of

the clocked inverter,

wherein an output terminal of the clocked inverter is electrically connected to



an output signal line,

wherein the other terminal of the switch is electrically connected to the first

line, and

wherein a channel formation region of the first transistor and a channel

formation region of the second transistor each include an oxide semiconductor.

17. The semiconductor memory device according to claim 16,

wherein the pre-charge circuit further includes a NAND circuit,

wherein a gate of the second transistor is electrically connected to an output

terminal of the NAND circuit,

wherein one input terminal of the NAND circuit is electrically connected to an

address signal line, and

wherein the other input terminal of the NAND circuit is electrically connected

to a pre-charge signal line.

18. The semiconductor memory device according to claim 16,

wherein the memory cell further includes a capacitor,

wherein the other of the source and the drain of the first transistor is electrically

connected to one electrode of the capacitor.

19. The semiconductor memory device according to claim 16, wherein the

second line is pre-charged by the pre-charge circuit before performing reading operation

of the memory cell.

20. The semiconductor memory device according to claim 16,

wherein an off current value of the first transistor is lower than or equal to 10

21. The semiconductor memory device according to any one of claims 16,

wherein the third line is a power supply line, and the second line is pre-charged with a

power supply potential inputted from the power supply line by the pre-charge circuit.



22. A semiconductor device comprising the semiconductor memory device

according to claim 16.

23. A semiconductor memory device comprising:

m first lines (m is an integer of 1 or more);

n second lines n is an integer of 1 or more);

( x n) memory cells, each one of the m x n) memory cells includes a first

transistor and an antifuse;

m reading circuits electrically connected to a corresponding one of the m first

lines, each one of the m reading circuits including:

a pre-charge circuit including a second transistor; and

a switch, and

a latch circuit electrically connected to the m reading circuits,

wherein a gate of the first transistor is electrically connected to a corresponding

one of the n second lines, one of a source and a drain of the first transistor is electrically

connected to a corresponding one of the m first lines, and the other of the source and the

drain of the first transistor is electrically connected to one electrode of the antifuse,

wherein one of a source and a drain of the second transistor is electrically

connected to a third line, and the other of the source and the drain of the second

transistor is electrically connected to one terminal of the switch and an input terminal of

the latch circuit,

wherein an output terminal of the latch circuit is electrically connected to an

output signal line,

wherein the other terminal of the switch is electrically connected to the one of

the source and the drain of the first transistor, and

wherein a channel formation region of the first transistor and a channel

formation region of the second transistor each include an oxide semiconductor.

24. The semiconductor memory device according to claim 23,

wherein the pre-charge circuit further includes a NAND circuit,

wherein a gate of the second transistor is electrically connected to an output

terminal of the NAND circuit,



wherein one input terminal of the NAND circuit is electrically connected to an

address signal line, and

wherein the other input terminal of the NAND circuit is electrically connected

to a pre-charge signal line.

25. The semiconductor memory device according to claim 23,

wherein the each one of the m x n ) memory cells further includes a capacitor,

wherein the other of the source and the drain of the first transistor is electrically

connected to one electrode of the capacitor.

26. The semiconductor memory device according to claim 23,

wherein an off current value of the first transistor is lower than or equal to 10

aA^m.

27. The semiconductor memory device according to claim 23, wherein reading

of memory cells electrically connected to the same first line is performed at the same

time.

28. The semiconductor memory device according to claim 27, wherein the m

first lines are pre-charged by the pre-charge circuit included in the m reading circuits

before performing reading operation.

29. The semiconductor memory device according to any one of claims 23,

wherein the third line is a power supply line, and corresponding one of the m first lines

is pre-charged with a power supply potential inputted from the power supply line by the

pre-charge circuit.

30. A semiconductor device comprising the semiconductor memory device

according to claim 23.
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